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IBM ThinkPad. Where light weigh 


n111 h IBM hi~hf'ht in CU;,lomer 
~n lii-ruttion t1 111ong portnhk• 

1·nmputcr husinc · [O;~ usr~. 

Introducing the new ThinkPad 510Cs. 
The new standard in subnotebooks. A lighter 
notebook shouldn't mean a lesser notebook. 
And with the new ThinkPad 51 OCs, you have a 
lightweight color subnotebook with heavy-duty 
desktop performance. 

Not as light as a frisbee. But it 's close. 
The ThinkPad 510Cs weigh just 4 pounds. 

IBMPC 
DiteCt 

Its stylish design fits comfortably in your 
briefcase or pocketbook. Yet it delivers crisp 
intelligent color. 

Think ofit as a speed demon. At the 
heart of every ThinkPad 51 OCs beats a powerful 
Blue Lightning"' 486 processor with clock-dou­
bled 50/25MHz clockspeed. That 's power to spare 
for running the most up-to-date, graphics-driven 
applications from spreadsheet to project and pre­
entation management. 

For executives on the go, a mobile 
communications center. The PCMCIA slot 
handles the fastest data/fax modules available 
(as well as other Type I or II PCM CIA cards). 
It comes preloaded with hundreds of dollars 
worth of communications and business software, 
including SofNet FaxWorksT~ Lotus" Organizer"; 
Lotus cc:Mail'~ E-mail for the Advantis Network, 
and more. 

==.:=. .=• 

--- -·-­
IBM PC Direct poces and oHenogs are sut>tect to change or withdrawal. Offers available only In tne U.S. POCes/oHenogs mCanada may vary. Remarke:ef prices vary. Shipping and handling charoes an extra. 1Manufactured mMexx:o. 
bytes; total user·accessible capacity may vary sllghOy based on operabog system environment. •lntematlOOal Traveler's Warranty seMC.e is available to those customers trawling lo countries where this product is sold by IBM or IBM t 
trademarks of kltematiooal Business Machines Corporation. Windows 1s a trademar1t ol Mk:rosoft Corpol'atioo All other brands and product names ere registered trademarks, trademarks or sen.ice markS ol lhetr respectiVe holders 
Study cooducted amono busmess users PC Direct Is atrademark ol Ziff Communications Company and is used by IBM under license Ql994 lnlernatiooal Business Madlmes COrparation 
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t meets heavy-duty performance. 


With the ThinkPad 360Cs,1 satisfaction 
starts with the right performance, at the 
right price. The IBM ThinkPad received the 
coveted J.D. Power and Associates Award for 
"Highest in Customer Satisfaction among 
Portable Computer Business Users." Now the 
ThinkPad 360Cs draws inspiration from that 
legacy with an impressive 
and intelligent blend of 
sophisticated color 
performance, offered at 
a very affordable price. 
Whether you 're handling 
spreadsheets creating 
today's graphics-intensive 
presentations, or setting up 
a remote fax feed, you ' 11 
find the 360Cs delivers the 
performance and flexibility 
you need. 

Preloaded with hun­
dreds ofdollars worth of 
presentation and business 
software. We've made the 
ThinkPad 360Cs more 
fiscally responsible than 
ever by including Windows"; 
Lotus Organizer and cc:Mail, 
Lotus Screencam Triton 

Call us, we're open 8am-10pm Monday-Friday 
and 9am-5pm Saturday (Eastern Daylight Time) . 
In Canada cal l 1 800 465-7999. 

ThinkPad 510Cs 
Color subnotebook 

$2399 

IBM Credit Lease 

$89/month' 
The new ThinkPad 51DCs 

• 486BL2-50 Blue 
Lightning 50/25MHz 
processor 

• 16KB 4-way associative 
on-chip cache 

• 4MB RAM (expandable 
to 20MB) 

• 200MB' hard drive 
• 7.7" (measured diagonally) 

VGA color LCD screen 
•Weighs just 4 lbs. 
• Local bus video 
•One Type I or Type 11 

PCMCIA slot 
•External 3.5' 1.44MB 

diskette drive 
• 81-Key Keyboard with 

integrated TrackPoint II™ 
• Hundreds of dollars 

worth of preloaded 
business software 

•Runs up to 8 hours on one 
battery charge 

•Rechargeable NiMH battery 
and AC adapter (30w) 

• 1-year International 
Traveler's Warranty• 

IBMPC 


CoSession Host, SofNet Fax Works, and more. 

Help Ware service and support adds 
built-in quality to every ThinkPad. You ' II 
like our 1-year International Traveler's Warranty4 
and ThinkPad EasyServ courier repair service 
(available only in the U.S.). It's good wherever 
you are, from your home, office or even hotel 

ThinkPad 360Cs 
Color notebook 

$2599 

IBM Credit Lease 

$97/month' 
For more value 

• Intel• 486SX/33MHz 
processor 

• 8KB internal cache 
• 4MB RAM (expandable 

to 20MB) 
• 170MB HD (upgradable 

to 810MB) 
• 9.5' (measured diagonally) 

dual scan VGA 256-color 
display 

•Weighs just 6.2 lbs. 
·One Type Ill or two Type II 

or Type I PCMCIA slots 
• 3.5' 1.44MB diskette drive 
• 85-Key Keyboard with 

Integrated TrackPoint II 
plus function keys for 
power management and 
battery status 

•Hundreds of dollars 
worth of preloaded 
business software 

•Runs up to 7 hours on one 
battery charge 

•Rechargeable NiMH battery 
and AC adapter (30w) 

• 1-year International 
Traveler's Warranty• 

room. Of course, you also get 
HelpCenter® technical support 
24 hours a day, 7 days a week. 

The perfect ThinkPad starts 
with CustomerFit. The perfect 
computer isn't just a collection of 
technologies. It's a reflection of 
the way you work and the work 
you do. And it's always at a price 
you can afford. 

Give us a call. Every 
ThinkPad comes with plenty 
ofoptions to choose from. 
From port replicators to docking 
stations, PCMCIA cards to plug­
in color coordinated monitors, we 
can CustomerFit your ThinkPad 
to your precise needs. Ask your 
Sales Representative for details. 

To order call today! 

DikCt 1800 426·7647 

•IBM Credit Lease pnces are quoted li)f 36-month terms. lease rates quoted are good through 9f.30/94, after whieh time rates en subject to chanQe wittlout notice lease awilable 10 qualified commercial customers only. JWhen referring to hard dnve capacity, MB stanels tor 1.000,000 
Jllsiness Partners. Other restrictioos aoply. Please call 1 800 426-7647 lor details m IBM's 30-day ffiO<le'Jback guarantee and fimi1ed warranties. Copies available. upon request IBM, ThmkPad, HelpCenter and Hetpware ilfe regtstered trademar1cs, and Trad!Pofm II and Blue Ligntnlno are 
Software programs Hste<I are licensed 10 customers under non-IBM software vendor's terms and condrtions provided with the package, IBM makes no representations or warranties reoarding non-IBM software. 1993 J.O. Power and Associates Porta~ Compu:er Sat1staciion Study• 
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WINDOWS SUITES 

Into the Enterprise ................. 24 

New software releases by Lotus and 

announcements by Microsoft and 

WordPerfect reflect the companies' 

different strengths and philosophies. 


LASER PRI NTERS 

Color Laser Moves Toward 
Mainstream .........................25 
Color laser printers for under $5000 may 
be appearing in offices soon. 

IMAGE EDITING 

Photoshop and Picture Publisher 
· Get a Face-Lift . .......... ....... .... 30 

The top vendors of image-processing 
software are unleashing new versions of 
their high-end programs. 

COMMUNICATIONS 

Businesses Turn to BBSes ......... 32 

Amid all the information-highway 
headlines, business and government 
agencies are turning to an information­
sharing technology that's existed since 
the early days of personal computing: 
the electronic bulletin board system. 

PROCESSOR TRENDS 

Getting CISC into RISC ............. 38 

The RISC-CISC debate is taking some 
interesting turns that could have a 
profound effect on the future of the 
personal computer industry. 

PORTABLE COMPUTERS 

Bigger and Better................... 40 

Reality is setting in: Small too often 
translated into flimsy and underpowered 
products. Subnotebook vendors' 
renewed efforts will hit the market this 
summer and fall. 

WINDOWS PRINTERS 

Inexpensive, Fast, and Slow to 
Acceptance........ .................. 40 
When looked at from a technological 
viewpoint, Windows printers ought to 
be big sellers. But analysts don't expect 
the category to take off for a couple of 
years. Here's why. 

NEW PRODUCTS 

What's New ........................ 220 

PCMCIA connects notebooks to 

Ethernet, Macs become multimedia­

ready, open architecture brings visual 

development to C++, and more. 
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Transforming the PC: Plug and Play 78 
BY TOM R. HALFHILL For over a decade, users have 
st~ggled with the arcana ofexpanding a PC system. Plug 
and Play promises to make system configuration-and 

reconfiguration-a simple and 
painless affair. Getting from 

here to there, however, 
won't be nearly as simple 

or painless. 

Plug and Play with 

DMl- 80 


Tips for Plug and 

Play-82 


What They're Saying About 
Plug and Play-86 

Building a Better BIOS-92 

Features 
SUPERCOMPUTING 
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BY DICK POUNTAIN "Computer on a chip" is old hat; are you 
ready for a "supercomputer on a chip"? 
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Data over Cellular 59 
BY JOHN BRYAN Support builds for AT&T Paradyne' s 
Enhanced Throughput Cellular. 

EMBEDDED PROCESSORS 

Processors Proliferate 67 
BY RICK GREHAN While most CPU designers seek bigger 
processors with more power, others are looking for less. Small is a 
strategy that's working remarkably well in niche markets. 

The Taming Power of the Small-68 

State of the Art 
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Connecting Networks 98 
Linking up multiple, far-flung 
networks for an enterprise 
calls for high-bandwidth 
digital connections. 

On the Road to ATM 103 
BY PETER WAYNER 
ATM is a strong contender for 
connecting enterprise networks 
cost-effectively. Among the first 
to adopt A TM will be small 
workgroups that need to move 
large blocks of data. 
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LANs Make the Switch 113 
BY JOHN BRYAN 
Three types of packet-switching 
hardware-shared-memory 
systems, shared-bus designs , and 
multistage switch matrix units­
make it easier to maintain high­
speed connections among an 
organization's LANs. 
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Embedded Window 
Server 

THE OS OF CHOICE FOR ANY SYSTEM. 

THE CHOICE IS YOURS, MODULE BY MODULE. 


WE WORK IN REAL TIME."'' 
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Digital Remote Access 125 
BY JEFFREY FRITZ 
No longer an expensive nnd hard­
to-j ustify luxury. high-speed 
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Silicon for 3-D ........ . ...... .191 
BY PETER W A YNER 

Inexpensive 3-D hardware is 
coming to a PC near you. and 
gamc.s. slide prcscntution . . virtuul 
rca lity~vi.:n spreadsheets-will 
never be the sume. 
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The F'DC Is In for Chicago ... .. 193 
BY JON UDELL 
Chicago will be the most radical 
Windows upgrade ever. Here's 
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in Micmsoft 's newest opernting 
system. 

P R OGR A MMING 

Object-Oriented COBOL ...... 197 
BY RICK GREHAN 
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true to the spirit of the Jungunge­
und what would it look li ke? 

N E TWO RKS 

Optimizing Notes 
Replication ................... .201 
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They say you can't be all things Then fasten your seat belts. event model for added control and 

to all people. But one database Microsoft Access packs speed, flexibility similar to Microsoft" 

1==] . ~ ' ..·comes really dose: new Microsoft power, and control. Helping data- E-C ·"~~...,·-~iiij.~~===:J 

Access database management base developers quickly create 

system 2.0. The fust relational data­ sophisticated database applications. 

base for everyone. The fact is, Microsoft Access 

has something for everyone. Or 

more precisely a lot for everyone. u:::i1-11 ..... 1.... 11 -. 1 

Like new Ru hmore"' query Addfullyftmctional b11tto11s lo afo rm using 
the Button Wiw rd. Microsoft Access does all the 

optimization, a technology that work of writing the code behind the button. 

makes queries lightning fast. So Visual Basic programming system. 

you get your data quicker. Microsoft Access even make 

Mail Merge Wiulrd works directly with Like Table Wizard, a feature it easy to tap into any current data­
Microsoft Word to place your selected data 

into the doc11me11t.of yo11r choice. that takes you step-by-step through base you have, from Paradox to 

Ifyou need a database with a table setup and design. Microsoft SQL Server. 

small ''cl;' you've found it. Microsoft Like Query Wizard, a helpful You can also count on unJirnit­

Access is easy to use. So easy, you assistant who walks you through ed no-charge product support 

can create tables, make forms, and the steps of .finding your data. 

~--~-~ 

With Of/iceU11ks, 

send data dire ti to 


Ml rosoft Excel 

11 Ing theA11aly1t! It 

Ana!Yze It wilh MS EMcel toolhar /mtto11. 

print report right from th tart. In fa t, thank to Int lliS n e'" 

t chn ffi e 

fyour by ph n· (toll charg may apply). 

roudn ra ks will b auto- And fi r a little a 99· fi ran 

made. And your ornplex 59· for th ffi 

Ace couldn t b mor , well ace ­
ready to 

sibl . F r a r 

ord r, call 800- 70-8996, D pr. CNJ. 

With tool · that h Iepyou 
develop powerful data­

base application . Including 

engine-level validation guar­

anre d to keep your data afe. 

And a program­
ltJ ing laooi. e.«age 

featuring an Microsoft Office 
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Nf)i}ft>t MHifl c/).When youcarry a \I . ~ePacJ'" 110.the new 

ewton· communications assistant from Apple, you carrythe power that 

come from having information al your 

fingertip .Which means no matter where 

you go,you al\va} have access to tl1e facts 

you need, at me moment you need them. 

With the ewton Connection Kit 2.0 

for Windows. you can exchang informa­

tion with a range of popular oftware on 

your Window ·-equipped P . l 1ch as ACT! 

comact manager. Lotus Organizer,Lotus 

1-2-3, AmiPro and \rordPerfect~ 

So now you can do thing like refer­

ence ale leads from Dynod xand work 

with data creat d in Micro oft Word, all 

from tl1e palm of your hand. 

And if youwork on a ~lacintosh ~ the 

'ewton Co1m ction Kit 2.0 for Maci nto h 

will allowyou to easil>' do the ame with 

all your urrent ~ laC application ~· 

'lb find out more. call 800-.%5-3690, 

ext. JOO, for th • 'ewton dealer near you. 

Or check out an on-Line ervice for the 

interactive demo found on the Newton forum. Either way you'll find tliat in.stead of 

giving you more technology, Newton give you som tliing you can reallyuse: help. 
, 

''111on connects 10 11lndo• 
lrt/b U,.. Nt:11.t1J11 Clmfl((txJn /Jlfr 
U11ulous••1ut11.1111 tun'1 ~ 
mj,,.,,ullkm u'llb yo11r lr"""­

iq11 /Mlo•l Pt' 

----·­
,_ ..... ..... ...,.._ .... 

~C'l10n onn(('IS 10 M11cln10sh. 
1ltt Ito/On 0!1111crl1<J1t NI 

Iii! l(HI r•.rl Ullb )Vllf1lktCtllhM 
no srn1/ ror111tcllo11 or Jl)flr 

'(f'llTalk' 11~tu,1wk 

l1ot1·11i111•ltrl/I u,'llllrrw iPW ooarrw 
up mfiimlO/ll/11 l:>n.nn ·''"'' '""""' a11ll 

mur mm/m/1•r.nusttin w~m 



Crowing roosters. 

Insomniac software developers. 

And database managers who'd like to get 
home sometime before the farm report. 
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Plug and Play 

An archai c PC 

archi tecture 

lea ves u a with 

the albatro- of' 

con11patlblllty 

hanging from our 

necks 

The mo t frequently heard phra e in the computer in­
dusrry today.plug and play, is mo t often used to define 
\ hat computer are not. That i a ad commentary on 
the tare of ornputing, and th out! k i nly a linle 
brighter. While we a ll want a plug-and-play world , get­
ting the P platform there is n t going to be a fas t or 

y proc 
The reason are many, and they are centered on a de­

ire to maintain compatibility with hard\! are that wa 
engineered in the early 19 0 . lntel and Micro oft are 
leading a commendable effort to get the indu rry to adopt 
a 1of tandard rightly called Plug and Play. The prob­
lem a rding to Torn R. Halfhill, a BYTE enior new 
edit rand auth r of our vcr t ry. i that m ving I 
Plug and Play " won t be pain! , won ' t come heap, 
and will lik ly take year . ' 

It ' a move in the right dire lion. and th r i n ' t any­
thing particularly wrong with the Plug and Play tan ­
dard- it' probably the be l it can be, given the archai 
PC architecture it mu t . upport. Th p bl m i that if the 
tran ition w ill take year , perhap moving to another 
platform altogether might make more ense. 

Ah, but market demand is fi kle, and Halfhill points 
out, previou attempts to move to a plug-and-play kind of 
world with Micro Channel architecture and EISA have, 
more or le , failed. It occur to me that in thi sea of 
change, we re all aboard a boat going nowhere, and we 
have t11e a lbat:ro · of compatibility hangi ng from our 
neck. 

lt i no longer clear 1 me h we mu t be o intent on 
linging to an idea l notion of compatibility wit.h a P 

architecture that wa introdu ed o er I years ago. What 
happen d to th revo lu ti n? In tead of forgi ng ahead , 
we' bee m ontenc with what w nee saw as the fal­

of mainframes: the failure to embrace change. 
oce, legacy sy ·t m referred to the mainframe and 

mini ornpu ter in the data-pr e ing center. T day , 
th ugh, the real legacy y tern are the PC on our de k 
running DOS and Window - including tho e 66-MHz 
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486 and Pentiums you ju t b ught. Io the e nd , tho e 
y tern are till d fi ned as fa ·t, albei t very f t, IBM 

P cl n . 
W rking with clon in 1994 i. lik tt~ering a 12­

rneter ya ht to the moon- ure it' a fast , complicated 
boat, but it d n't d well ut of the water. With P 

Ion , you are till tuck with 640-KB limits, pat h­
work IRQ interrupt reque t) and port management, d ­
vice-driver hell , and error me age that no u er houJd 
ever have to experience. Why do we tolerate thi misery? 

Man reasonable people will argue that oftware di ­
tribution in an enterprise would be impossible without ad­
herence to o-called PC compatibility. onsense! Soft­
ware di tribution aero networked computers i , for all 
practi al purpo e • already impo ibl . A k people in 
large organization , and they'IJ te ll you war torie of 
trying lO upgrade oftware a ro their n twork . Even 
when everyone on a network u e the same brand and 
model computer and th same operating y tern, the con­
figuration fiJ , de ice drivers, additional memory and 
hardware devices, and e en the lowly AUTOEXEC.BAT 
file can differ wiJdl . Where' the compatibility in that? 

To Intel' and Micro oft ' credit, the Plug and Play 
tandard i at le t a re Ii tic approa h to a market en­

thraUed by the IBM P tandard. T h pr blern i that, at 
be t. it will taJc years f r Plug and Play t ignificantl 
change ur w rid for th beu r. By that Lime, th IBM 
. tandard will be even rn re outdated. 

lt rn t m that th re i a va uum where a omputer 
indu try vi ion ught to be. It ' high time to cut loo 
thi albatro of compatibility and ai l ahead . omputer 

rnpani say rhetorically th y're giving ustomers what 
they want. 1 ay, give u what we need platform that 
break with the p t We need y tern that don ' t make u 
wait for graphic • y tern fa l enough to deal wi th the 
complex i ue of real human interface , and y terns that 
plug and play into where we're going not where we've 
been. • 

I would like 10 welcome the newest member 10 the BYTE 
family, BYTE Middle Ea t an Arabic-language edition 
that will be distributed throu hout the Middle East and 
Arabic- peaking orth Africa. 

DENNIS Al.1.EN. EDITOR IN CHll!f 
( dalftn@blx.com) 
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• Paradox far Wi11dnw. /u1.1 .wptrinr i11lt1gralim1 with 

Mirros<Jft Offkt t1ppll atitm.1. You 1·an plate mry 
"live" Paradox tahltt direct/1•11110 a \Vnrd <lncumem. 
1111d tdit It in p/ucr. 

nnu• I easier lllan ewer 
1bo Pm*1ox• S.O for Window i: here, and managing your 
business data and building database applications ju t got fa ·ter and 
easier. ew Interactive Con he · quickly 1ea h you how to ace m­
pli h any task, while working with your own "live" data. On-line 
Expert rr.t guide you step-by- ·tep in creating profe. sional-1 king 
fonns, reports, and mailing label . ven your larg 1data manage­
ment task will be comple1ed with unbelievable .peed and accuracy. 

More speed, da1eloper enhancements,
and CllenUSener connectlvltv 

New Paradox 5.0 for Window hru been tuned t give you the highe t 

po ible performan e. 1t tores and rclriev da1a foster. Deli ers 
answers to querie faster. ·And for Paradox developers, there' 

Comparison Facts 	 a new Integrated Development 
Environment and more than 
300 new ObjectPAL"' Methods 
and Properti that help you 
develop Window application 
in record time. Plu , with 1he new 
native SQL drivers, Paradox is 
ready when you are to up ize 
your application to the 
Clienl/Server environment. 
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Office lntaarallon outshines Access 
Full client and server support ~ r OL 2.0 and DD make Pan1do 
~ r Windows th best database for use wilh other application. includ­
ing Perfcc1 Offic and Mi ro. ofl ffice. For example, place a ''live" 
Paradox lable dire tly into a Word document, and edit it in place. 
(Can't do thm with Access.) 

Try new Parado 5.0 for Wind w today. You'll di:cover it' the 
one databas with th depth and perfi nnan e you want to tay with. 

nd wa1 h for th Paradox World Tour coming 
on. Call Fa. !Fax for date and location . 

~pecial $19995rnmp 'litiv· 
upgrade 
iffer lJO-day money back guarantee 
ee your dealer. or call today! 

1-800-336-6464, ext. 9125 

ln Canada call 1-800-461-3327 Fa tFax I- 00-408-0001 
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P upgrade. 
vcrDrivcTM procc. s r, a fami ly of sing! ' -chip 

upgrades that si 1nificant ly boost. the overall 
pcrforman " f your lntcl486'" X and DX 
pro · ss r-ba cl P s. 

low performance. 
Your s >rt ware L hog ed down, but you 
can't buy a n w P ri ght 11 w. 

To speed up your 486, 

OvcrDrive"' Proce sor iCOMP"' Performance Lndcx for Intel Lnsidc®Processor 
l'roccssor 0 IOO 2110 30() 

i486 ox .33 Proc.:c:,~or 011ly 

2Y7 (w11h OX 2 Cht:Orw« pn>Ct$>01l 
• \l'itl1 OvcrDn"e 

1 1..-,j ;; D_ i4 6 SX-25 100 prOCCWll 

180 (~1th ~X2 O'erDmc proc<S:I<><) 



Call 1-800-538-3373, ext. 178. t 
To find out more about the IntelSX2"' 
and lnte1DX2 OverDrive processors 
and to receive a free demo disk. 

Speeds up software. 
Microsoft Excel• 4.0 run 83% faster and 
Microsoft Word* 2.0 65% fa ter when you 
upgrade a i486'" SX-33 proce sor with an 
Int IDX2'" 66 MHz OverDriv' pro . sor. 

l'l'·m Hrn 111."111rtN<k'111"t ,1,,;i1ll f"M ~()) 791 ·I'll l'iS, imd uttk frn mlu1:>ut·k 10 1 17. 
r1:) 1'191l l111d ( '1np<1t"tlQ11 .,f)lh1·1 hr:111t.h> mHI lhl ll ll'' arc lhc: Jlf\1ptt1y 6f lht.:lr 

n!-'if'll.'<:llV<' tJWllt.:I' 

follow the upgrade path. 
lmdDX2 Ov~rDriv~ Pn'>..'1.'!.Sor 

OverDrive" processor family <4'prod11cts 



Global Opportunities 

I spent the ftrst three months of 1994 de­
veloping software in Russia. Everything 
I saw confirms Edward Yourdon' s view 
in "'Developing Soflw1u·e Over­
eas'' (June). The Rus ian pro­

gra mmers on our team were 
among Lhe brightest I've ever 
met. They showed a hunger for 
American technology that nei­
ther Lhe American and British 
team members had ever seen 
before . Today , few Ru sian 
firms can afford to purchase 
new technologies. Even if they 
cou ld, they would wait months 
to legaJJy bring quipment into the country 
or else depend on "fr iends .·· Building 
ground-breaking systems in developing 
nation expands our markets- the pie is 
getting bigger, and American firm · can 
enjoy a sizable slice by actively promoting 
it growth. 

What's in aNumber? 

Steven Glickstein 
New York. NY 

L. hris Miller' s ani le "Transbord r Tips 
and Traps" (Jun ) i. interesting but inn -
urat when ret'cn'ing to .K. practi . Sh 
laims a bil lion r fcrs Lo " I foll wed by 

12 zeros ." The staLcmenL, "Thcr ·for' a 
BB unnoun ·er says 'one-thou sand-mil ­
lion do llars' whet"' an American wou ld 
say 'one bill ion do ll ars,"' is untrue. W 
hav fo ll owed American pract ice fur at 
lcust 20 years. Today's London Times talks 
fa .K. publi sc tor borrowing 4 bil ­

lion pound. wirhout needing to ex plain 
that this means 4.000,000.000. he also 
. aid , "Appl •'s Trashcan i on, for exam­
pl e, look ed like a po ·tal box to British 
Ma intosh users." I know, however, that 
alth ugh I find the word Tmshca11 jarring. 
the icon looks like a sli ghtly old-fashioned 
dustbin of th e ·ort inhabited by Top at. 

Graham sher 
Lrmdon. U.K. 

We called 1he l3ri1ish Consulate i11 
Bosw11, Ma.~sachusells , to ask for the 
l~/jicial value.for one billio11 in tl1 e U.K. 
Representatives there responded thm 
Miller is correct: Officially, i11 the U.K. , 
one billion is a million million. whereas 
in the U.S.. 011e billion equals a thou ­
sand million. UnoJjicially, prae1ice does 
vary.­ Eds. 
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No Favoritism Here 

Your artic le ..Accelera ting Engineering 
Design" (July). which di scu sed a Form ­
tek implementation at Lockheed , left ou t 

the sa lient point that Formtek 
i. a wholly-owned sub ·idiary 
of Lockheed. The a1ticle is mi s­
leading in that it never men­
tions that Lockheed, in effect 
awarded the contract to an in­
house vendor. 

David Hurwitz 
San Jose. CA 

You are correct 111hen you 
state that Formtek is a wholly­

owned .i·11bsidiw)' of Lockheed. My re­
search confirmed the special relation ­
ship be11vee11 1h e Two companies hw 
revealed that procedures for such inter­
nal proc11re111 ems are more stri11.gent 
than for arms-length tra11sactions. But 
given rhaT 1he e.ffec1of die Form1ek­
Lockheed relationship 111as to compli­
C{lle-ra1her them simplify- the contract 
award to Formtek, in hindsight. I agree. 
This relationship should have been made 
clea r.-S. Walla ·e 

Not Socialis~ Just Equitable 

Andy Reinhardt 's Jul y 0111111cntary is an 
cxampl o soc ia list dogma, which has no 
pla e in a world that is aban ­
doning tho. e unpr ductive con­

·pts. The federal governmenl 
is capab le of mass ive projects. 
hu t it is in apable of s •ttin g 
tc hnica l specifications ( .g.. it 
h~~~ nly rccemly a knowlcdged 
T P/IP­ in stead or 11 pen 
Systems Interconnection I- as 
an approved n ·tworking proto­
·ol for federal projects ). 

Resour es on th Intern et 
shou ld b\; accessib le, not free. Reinhardt 
fears that lhe cost of a cessing the data 
highway may b "prohibi tive for some" 
and that you and I shou ld bear thi s bu rden . 
He aLo swtes that u ing the data highway 
may become an ·essential aspect of citi­
zenship ' and thus must be made avai lable 
to everyone, regardless of their means. He 
offers no solution but peculation and con­
jecture. I , for on , am tired of tho ·e who 
wotLld reallocal my re ource · witJ1out first 
specifying witJ1 particulari ty any benefits. 

Eric Seggebruch 
Ho-No-K11.1·.NJ 

My take on rhe governments involvement 
in the information uperbighway is that it 
should follow the model of the inter ·tale 
highway system. The government built the 
roads, and anybody with a truck. car, or 
motorcycle can use 'em. Free. When you 
stop off at the diner, you pay for the meaJ. 

Terry Friedrichsen 
Tucson. AZ 

Reinhardt' call for" ociaJ control'' of elec­
tronic communications would be nothing 
more than amusing drivel, if not for the 
fact that there are people in position · of 
power who would love to i.mp.lement uch 
a program. Rei nhardt declares that "by 
granting uch a huge oppo11w1ity for power 
and profit · to the private sector, we have a 
right as a society to demand, in retwn, con­
fonnance ... " But 'the private sector" si.Jn­
ply mean. individuals. nd "we" do not 
exist "a · a society"; we exist only as indi­

iduals. ln Reinhardt's stari t utopia. those 
who have the mean to acce s the Internet 
will be forced to subsidize tho e who don't. 
Why is anyone entilled to a modem at my 
expen ·e? Because unproductive people 
have a "right as a society to demand" it of 
me? Such a lemand has .ti! the I gitimacy 
or a mugger's " ri ~h t" to my mon y. 

ary Mc <llh 
Nookseu. N/1 

I rej ct !he 11otio11 that my 0111111entwy 
1vas "socialist dogma" or ·alledfor a 

".1·1a ti.1·t 111opia." To the «011. ­
trar 1, while I would prefer a 
lata hi?,hway along the lines 
l~/' what Friedrichsen pro­
poses. I re ·ognize the i111pla11­
si/Jility ofa public resource i11 
this em and support instead a 
privc11e model. Thal we slum! I 
aim for inexpensive basic ser­

' 	 vi ·e is by 110 means a radi ·al 
11otio11: ro.1·s-s11bsidies have 
been a jimdamelZlal tenet of 

teleco11111111nicatio11.1· la w since the 1930s. 
I didn 't propose f ree 1110de111.1-, ju.1·1 as 

roday we don 't have.free phones or 
phone se111ice. And I never proposed that 
the gove mme111 regulate the conrent of 
daw-higl11vay tru.Ui " Rather, I asked 
that rhe government 1101 abandon its his­
toric responsibility to ensure equity and 

We want to hear from you. Addn•ss correspon­
dence to Leners Editor, BYTE, 011e Phoenix 
Mill ume, Peterborough, NH 03458; or ·0 11 

ca11 send £-mail via tire lnrem et or BJX to edi· 
tors@bix.com. l ellers may be edited. 

mailto:tors@bix.com


COLORADO TAPE BACKUP 


For the Easiest and Most 

Reliable Backup Software, 


Millions Come to Colorado. 

Introducing Colorado Backup for Windows 2.0 
Tape Backup and Archival software from Colorado 
Memory Systems, the leader in tape backup solutions. 

Since 1990, Colorado Memo1y Systems has shipped 
over 3million copies of our popular Colorado 
Backup" software. ow, we b1ing you new 

Colorado Backup for Windows· 2.0, which suppo1ts 

all Colorado Tape Backup D1ive. from 120 MB ro 
4GB through a common, e·1sy-to-usc interface. 

+:. Pow rful feature include dmg-ancl-drop 
impliciry, r ·liahl background opc1~11ion , 

automati - unattended backup disk grooming, 
broa I n l\ rk ompalibility, aTape Library to 
help you lcx.;1te lost or 'trchiv ·d file ·qui kly, 

file re-clircc.'tion and open file handling. 
+ Explore Colorado Backup for Windows 

and 1.he complete line of Col rad 
Tape Backup Solutions rcxhy. 

For more information please call 

1-800-451-0897 

exten ·ion 751 
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freedom of expression, as it does now for 
the phone and cable systems. The data 
highway could turn. ou/ lo be an open re­
source thal enhances the democratic 
process or a closed oligopoly that ex­
ploits consumers and codifies majority 
values at the expense o.f minority ideas 
and people. I'm hoping for the former. 
-	 A. Reinhardt 

Forecasting: Criticizing the Criticism 

1 was debghted that you included Smart­
Forecasts in your review "Forecasting the 
Future" (June). However, in say ing the 
program "lacks a convenient way of hold­
ing out data to verify forecasting accura­
cy," it ' c lear Stewart mis ed the concept 
of sliding simulation, the process we use to 
mea~W'e forecasting accuracy. Maybe OW' 
problem here i that this calculation is auto­
matic; the user doesn't have to ask for it. 
He also aid our Eyeball program "does 
not document tbe manual changes made 
in the forecast graph." However, we do 
document both on the graph and in the 
forecast data table that the changes resulted 
in a "manual" forecast. 

httrlcs Sm:u·t 
President. Smart Soflll'are. /11c. 

8el111om, MA 

Jerry Quenches Windows Envy 

For lhe las t few month . . BYTE ha: taken 
a much more technical turn that J greatly 
apprec iate. The ore Technologies sec ­
tion is particularly good. I am als pleas­
antly surpri sed by your June issue. Jerry 
Poumelle's olumn abounds with !RQ (in ­
terrupt request) problems, addresse that 
shou ld be DE F and not D 00, mixed up 
OMA channel , incompatible clones, and 
buggy so rtware. Each month. ju. tread ing 
Jerry ' · ma ·terful soluti ns to all this mess 
is enough to quench any Windows envy I 
could have. And people lb.ink Unix is di f­
ficull? Come on! X-Windows is simple 
compared to Microsort Window ! 

Frederic Mora 
Montpellier. France 

Popular, but Unacceptable 

it 's been some time since the Comdex 
Show in Atlanta, and now it' Lime r.o say 
something. The whole week was great, ex­
cept fo r one thing that cast a grim and 
sleazy shadow on the show: porn CD­
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ROMs. Thave no problem with personal 
freedom and liberty and the right to watch 
most anything a person wants, but do we 
really need this shoved in our faces a l 
Comdex ? Not only is cutting-edge con­
sumer technology being used as a slime 
scoop, but the ai Jes are getting clogged 
with fish-eyed guys who want a long look. 

Brent Carter 
James10w11, NC 

The Interface Group announced on June 
9th that it is excluding the display ofall 
nudity and sexually explicit material 
ji·om its trade shows. Quoting its press 
release, "such material has clearly 
caused offense and is therefore no/ in the 
best interests of!he shows. "-Eds. 

Licensing Encryption 

l appreciated Russell Kay 's article "Dis­
tributed and Secure" (June). But I disagree 
thal Philip Zimmermann ' PGP (Pretty 
Good Privacy) encryption software is il­
legal because it use the RSA algorithm 
without a licen e. Not all unlicensed use of 
patented software necessarily violates a 
patent holder' s right , which is what I as­
sume Kay meant by the term illegal. Also, 
Via rypl sell s a c mmercial use versi n 
thm is- and always ha been- licensed. 
The noncommercial ver ion 2.6 is now 
available on an MIT server and i. licensed. 
What 's important is that licenses are avail ­
abl for commercial and 11 ncommercia l 
vcr. ions of the standard- ctting PGP. 

urti s E. A. Karn w 
St111 Frw1cisf:t>, CA 

At 1he time I wrot, the arti ·le, PGP 2.6 
had not yet been a1111oun ·ed. I was 
aware of1/ze Via 1 pr product(/ men­

tioned in the article that one of the peo­
ple I quoted had bough! and was using 
ViaClyp1), bu1 I had no specific informa­
tion abow its operation and did not real­
ize it was an "authorized" (I almos1 said 
"legal" b111 that 's another issue, as you 
correctly point out) version ofPGP. 
What I did know was that I had read a 
number ofstatements attributed to RSA 
president Jim Bidzos to the effect that 
PCP was totally unauthorized and there 
was no licensed version. I'm pleased to 
hear the licensing issues have since been 
resolved and an RSA -sanctioned non­
commercial PGP is available for 
general use.- R. Kay 

Fixes 

In "Ob$erv ing the Conventions" (1 une, 
page 96), the U.K convention for dates 
should have been in the day/month/year 
format, not month/day/year. 

ln our review of Hewlett-P ackard's new 
workstation, the pricing (July, page 161 
and 162) for the HP 9000 Series 700 Mod­
el 712/60 workstation , as tested, with 64 
MB of RAM , a 20- inch monitor, and a 
260- MB hard d ri ve, should have read 
$ 12,250. 

Due to a copyedi ti11g err r, in "A TaJigeol 
Update" (Ju ly, page 183), IBM ' · 0 /2 
Presentation Manager was inc rrectl y at­
tributed L Microsof1. 

rn the New. & Views article " Kurzweil 
Brings Voice Dictalion to Windows' (Au­
gust , the telephone number ror Kurzweil 
Applied Intelligence (Waltham, MA) i 
in irrecl. The correct number is (800) 380­
1234. • 

COMING UP IN OCTOBER 


•UNIX AT 25 
Discover the origins, evolution. and prospects of the operating y tern that everyone is 
trying to reinvent. 

•MOBILE COMPUTING 
In the market for a 486 clock-doubled notebook or subnotebook computer? We test 
these and also examine portable printers to complete your mobile office . 

•NT NETWORK SERVICES 
Learn how to create network services on Window NT and delve into the advanced 
features of the WinSock APL 

• 	WINDOWS FRONT-END TOOLS FOR QL SERVERS 
We'll evaluate the forms, reporting, and querying capabilities of high-end SQL access 
tools for Windows. 



Now, all the C/Ci-.+ developm~nt t6ols 

you need come in one handy package. 


Bonus Bundle: C Set ++ CD-ROM, OS/2 for Windows, 

KASE:Set and Experience C++ ...just $249! 


lf you want it all , you' , romc t Now, wlwn you purchase the C r t ++ CD-ROM, yo11 will 
lhc ri •ltl place:. IHM ' c:I ++1

'M ulso n:l'l'iV(' 0 /2 for Window sTt.. , the KA E: d TM 

<~ rs i o n 2. 1 i. llw most ClJ l-h11ilder un rl lite I'(! ol11tio11 11r Expcri ' 11<'. c++ 
·o mp rnhnn si · I ++ l11l oria l. .. all for just $249. 
d<·vdopnwrll pu('ku·~c yo 11 ru 11 KA ' EWORK rn K E:S •t pro id<·s a11 i11trodtwtnry
h11y fo r /2"'. P riod . I , l' I C l-h11ildcr, p '<:ding tht' pa<'t' ol' yo11r 

rl cvclop rrwn ts ... a1 d yo ur 1'n rning. 

Expt•rit•nt•t• C++T"' is th l.' only lt>..ading- •dgc 
multimedia tutorial that let · you look and listen to 
detailed 
d ·scription of 
•v ·ry aspect of 
C++. To order 

C , \ •t ++ hrings yo 11 Lit e mo, t ·ompl ·L et oJ 1 · 1l1 ~. OlU' el ++ 
lilir:iri s :ind tool avai lab le for 0 12 dcveloprn1 nt . Bonu Bundle 
It irll'l11d cs: call our toll-fr 

order hotline 
• A User interface class library and olle tion Clas es today! 
• Visual debugger and Execution Trace Analyzer 

la.s Browser and Workl<'rame/2™ Version 2.L ORDER TODAY 
• The IBM Dev •lop r' Toolkit for 0 /2 I 800 342-6672 

F0< tho IBM C Set ++ tor OS/2 CD·ROM 
Veislon 2.1. 

CD·ROM with hardcopy documentation is 
available !0< $279, 3.5" disks with liardcopy 
documentation are available for $309. 

,,.... ..... ~...i"' ............. 

,..... 

OS/2 :tr: 
j /l••I••' 
-~--

C 
® 
1iw 

1994 lntemabonal Business Machines Corporauon 

IBM 8Jld 0512 ere r90ls1ered trademruks ot lnlornatlonal Business Machlnos Corpotauon 

C Se1++ and Experience C++ are 11adema1ks of lnternallonDI Business Machines CorpOl'alloo 

KASEWORKS and KAS ·Set are lrademarks ol KASEWORKS Inc 

Winckw.'S iS a trademark of M1crosol1 Corporauon 

---- ­--- ­-- --- ­-~ - - --­- - ---­-- ­ -­___ , _ dt 
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Compact and lightweig/J t­
at just 4.4 lbs. 11ie Portege 

Series lins bee11 engi11eered 
to tirettxtremes ofportability 

ivitlro11t compromising usability. 

DEFY THE LAWS OF SPACE AND TIME. 


Toslnba contim1cs to drii•e PCMCIA 

tec/1110/ogy: A 'J)pe II 101 expa11dJ your -----~ 
option for stomge, ftrx/111 de s,111e 1ww Acc11Poi111 '"'isometricpoimi11g 
11etworki11g, 1md tire fiuure.device works in co11j1111rtio11 witIr click 


11111/ dmgbuttons 

locnted comfortably 


-...t.11!111.......n be11e111/1 tlil' 

thumbs. 

INTRODUCING THE ULTRAPORTABLE PORTEGE. 

Never before havecomputers operfectly balanced Lithium-Ion battery, and shines with Toshiba's renowned 
mass and speed. ow you can travel with a ystem color active matrix display. There's even an optional 
smaller than anotebook-yet graced with Port Replicator for imple, single-point 
the power and feel of a fuU-size computer. ( PORTE:GE: ) connection to your desktop environment. 
The ultraportable Portegeis dJiven by the See how far we've taken every aspect of 
full force of ahigh-performance i486"' processor, is portable computing. Then, think where it can take you. 
equipped with a250MB HDD and ahigh-endurance Call I-800-457-7777 for your nearest dealer. 

T H E S H A P E 0 F T H I N G S T 0 G 0 .sM 



11/tm-liglnweiglit Li-Ton 
battery, witIi up to 6 fio11rs 
ofbattery life, is 1/Je 11/ti111a1e 

i11 power-per-01111ce. 

Ge11em11s 8.4 "111111 7.8 ' active 111111rix 
displays (011 1l1e 7"3600CT mu/ T3400C1', 
respecti i•cly)dc/i1'•'1' 256 SV 1A mlors. 

Porteg~T3600CT Porteg~ T3400CT Both Mode.I •AccuPoint ™integr.i t,~I ·Optional Port Repliauor 
· SOMHz i486™DX2 · 33MH2 SL Enhanced i486'" X •250/vlll HDD pointing device · MS-DOS®, 
•8.4' din. color TFT-LCD active •7.8"dia. color TJ1f-LCD active •Lithium-Ion banery • I ntegrntcd Bit BLTgraphics '1icrosoft 
matrix display- 256 color iV A matrix displar- 256 color SVGA •T)'p(' II (Smm) PCMOA slot accelerator Windows '~ and 

· SMJlRAM •4MllRAM .4.4 lbs.-7.9" x 9.9" x 1.8' •Ports: serial,parallel,FDD, CommWorks'w ~IHIT~~
l~Rl T

(expandable to 24MB) (cxpandnble to 20M ll) · \IL local-bus 1~deo nnd VGA adapter for Windows 

InTouch with Tomonuw 

TOSHIBA 

() 1994 Toshiba America Information Sys1cms. Inc. All products indirall'<I by trademark symbols arr 1rademorked and/or registered by their respoail·e companies. Thl' Intel Inside logo is a trademark of Intel Corpor:ition. 
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WINDOWS APPLI AT I ONS SUITES 

Into the 
Enterprise 
New software releases by Lotus and announcements by Microsoft and WordPerfect 

reflect the different strengths and directions of each company 

Note /FX I . I (the FX stands 
for Field Exchange). This tech­
nology lets user. share infor­
mation from their Lotu: de k.­
top applications throughout an 
emerpri se via Note . . 

Recent development_ at Mi­
crosoft and WordPerfect em­
phasize the importance of 
group collaboration in the of­
fice-suite category. By the time 
you read this, Microsoft should 
have released updates of Word. 
Exce l, and PowerPoint for 
Windows tbal provide N tes/ 
FX upport. The company also 
says it oflicc applications will 
support th e Micro oft Ex­
cbange Server software for in­
formation sharing and elec­
tronic mes. aging. Micro. oft 
Exchange Server which i ex­
pec ted to ship in 1995 , will 
provide an integrated messag­
ing, scheduling, and manage­
ment infrru tructure for appl i­
cations, company officials ·ay. 

ew features planned for 
WordPerfect' s new Perfec t­
Office 3.0 suite for Windows, 
which i. lated to hip Ibis fall 

DANIEL GASTEIGER AND RICK DOBSON 

R calcu lation sp d. macr -languag nhanc ment , and ase of u. e 
will alway b important c nsid rati n wh n evalualing preadsheets 

as stand-al n appli ati n . How v r, L tus 1-2-3, Mi ro. ft xc I, and Quat­
tro Pr (whi h was r c ntly a quir d by WordP rfe t are in r a:ingly b ing 

Id in s ftwar . uite and mu. t b judg d by h w w 11 th y w rk with their 
s ing, databas , pr s ntation and n tw rk app li ati n:. 

A case in point i. the 
new 1-2- release S for 
Windows, which Lollis 

~~~:l expe ts to release by the 
~'#~~~==;==~~~it"-'":-~~ ~ end of A ugu. l. A s a 

. tand-alone spreadsheet, 
t.h n w 1-2-3 fee l more 
like a relea ·e 4.5. But as 
part of the new Lotu s 

mart uite 3.0 for Win­
dow. , which i slated to 
ship by the nd of ep­
lember, the release 5 de. ­
ignation will seem valid 
Lo peopl who want more 
databa e ma nageme nt 
power and integraLion 
with Lotu Notes. Four 
app lications in the new 

martSuite-1-2-3 , Ap­
proach 3.0, Ami Pro 3. 1, 
and Freelance Graphic. 
2.1-have been upgrad­
ed to take advanLage of 

Lotus 1·2·3's reliance on Approach for added database management functionality Is both a 
blessing and a curse. If you don't have SmartSulte or at least Approach, then you can't 
effortlessly generate fill-in-the-blanks data-entry fonns, like the one sbOWll here, on top of the 
worksheet that contains its associated database. 
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reflect the company's recent 
meraer with Novell. Features 
mad po ·sibl by the . uite'. 
integration with n 1work and 
workgroup rviecs will in­
ludc the abili ty to install and 

updat soft war• across a net­
work; li ent software for int ­
grating with ymmetry, Word­
Perfe t's -mail, alendaring, 
and s hedulin • program; and 
upport for workgr up pub­

1 i hing via the in clu. ion of 
WordP rfect nvoy. 

Wh n L tu. relea. e. mart-
u i lc .0 for Window., the 

package will not have a cro ­
application s ripting language 
comparabl t that f the Ap­
plication. diti n of Micro­
soft ' s Vi sual Ba ic. But the 
new . uite offers much stronger 
tie. LO Notes. Lotus 1-2-3 re­
lea, e 5 offers three level. of 
Notes interaction: Notes/FX; 
the S4 tile typ ; and a Notes 

DB (Open Database on­
ne tivity) driver. 

Through Notes/FX, 1-2-3 
users can exchange application­
and u er-defined data to auto­
mate front-office proce. e and 
collaborate on forecasting and 
budgeting. Application-defined 
data refers LO infonnalion about 



Integration Strategies: Lotus vs. Microsoft vs. WordPerfect 
SmartSulte: Shares aata and functions such-as malling-label generation and dynamic cross-tabs between desktop 

applications. 
Office: Shares data between desktop applications. 
PerfectOfflce: Will share data between desktop applications. 

SmartSulte: Has ODBC and Notes/ FX links to Notes, in a<:ldition to custom links from 1-2-3 and Approach. 
Office: Has ODBC connectivity to Notes in Excel and Access; will have Notes/FX connectivity to Notes· in maintenance 

releases of Excel, Word, and PowerPolnt 
PerfectOfflce: Will have ODBClinks to Notes in Quattro Pro, Paradox, and WordPerf®L 

SmartSulte: Acommon macro programming language and a full·fledged implementation of the OLE 2.0 standard are due 
in 1995. 

Office: Has common programming languages lor building custom integrated applications with OLE automation. 
PerfectOfflce: Anew PerfectScript allows cross-application programming and macro recording. 

SmartSulte: Has common Smartlcons, menus, and dialog boxesacross 1-2-3, Ami Pro, and Freelance. 
Office: Has common icons, menus, tools,and dialog boxes across desktop applications. 
PerfectOfflce: Has common icons, menus, and dialpg !loxes across desktop applications. 

For stand-alone users of 1­
2-3, the most dramatic addition 
to re lease 5 is Lotu s Maps, 
which lets you associate maps 
with your geographic data. A 
much-improved Print Preview 
mode lets you view more than 
one page at a time. 

When choosing your office 
sui te, your best choice will de­
pend on your commitment ro 
key applications. Organi zations 
with a heavy e mph asis on 

ote. will find the spec ial 

a fi le such a its author, size, 
creation date. revision info r­
mation, and number of work­
sheets. A new Doc Info dialog 
box lists most application-de­
fi ned fields, and in fo rmation 
yo u to re via the Doc Info 
command becomes available 
to user: with whom you store 
worksheets via Notes. 

User-defined fields in J-2-3 
refer to worksheet cell . When 
you embed a release 5 spread­
. heet in a otes document. you 
can specify those cell who e 
contents are to become avail ­
able to otes as fields. Changes 
made in a spreadsheet can af­
fect the as. ciatcd otcs data­

ba. e, and vice versa. Approach 
3.0 can al o publish database 
fi elds and application-defined 
data to Notes databases. 

The NS4 file l'ype enable 
multiple users to di splay and 
modi fy ran ge valu es of a 
spreadsheet without overwrit­
ing each other's work. People 
ca n work on a fi le , st.ore it 
loca ll y. and , through Note ' 
replication fac ility , update and 
merge in formation in a central 

otes databa e. NS4 fil es also 
support Notes ' securi ty, so ad­
mini strator · can manage the 
way that S4 fil es arn merged 
into otes. 

The thi rd way to integrate I­

2-3 (as well as Approach) with 
ore i through th e ODB C 

dri ver for Notes SQL, which 
let you work direc tl y with 

tes data on your desktop. 
Interactin g wi tb Note is 

only part of d1e new 1-2-3' s in­
teroperability story. Lotus 1-2­
3 u ·es OLE to borrow capabi l­
itie in Approach. A new Tools 
Database Form command lets 
you create custom fom1s to in­
put, edi t, and search for data in 
1-2-3 databa es. An Assistant 
guide you through the form ' s 
creation. Other Assistants help 
you build database reports us­
ing Approach and access Ap­
proach's mai ling-label ra ility. 

hook. in 1-2-3 and Approach 
stro ng incenti ves to choo e 
Lotus SmartSui te. Those with 
a commitment to Visual Basic 
will apprec iate the power and 
ease with which they can cob­
ble together applications in the 
current Microsoft Office suite 
using Visual Ba ic for Appl i­
cation. and OLE automation. 
The jury is st ill out on Per­
fectOffice, but with WordPer­
fect's acquisition of the Quattro 
Pro spreadsheet and I million 
licenses of Borl and 's Paradox 
database fo r Windows , the 
company has served notice dial 
it has no in tentions of being 
just an also-ran in this product 
cat gory. 

LA SE I~ PR I NT E R 

Color Laser Moves Toward Mainstream 

300 dpi will list for under $7500 and have ______ .-r.,_....ic;_______ 

consumable pri ·es al aboul the sam rat Color Laser vs. Color Ink-Jet 
a, !those f rl the HP olorJet 1200 " 
HP say. it will announc a target 
release date for the olor LaserJ t --...J.. 
in mid-September. The company ....---~-----~··-· 

Color l.81er 

S7500+ 

>s_1_5_o___... 

C olor laser printers f'or under 5000 
may snund li ke sc ience f'i tion, but 

the rea lit y may be appearing in ofl'i e 
soon. Last year, QMS's olor ripl Las r 
I000 shall.ered the previ u. 30,000 price 
barrier with i L~ 12,499 price tag. ffice 
per. onnel who on e thought co lor was 
only for print shop. c uld nt w produce 
color-e nhanced document. and 1rans­
parencies in-house. Now other companies 
arc fo llowing QM 's aggre. sive pricing. 

Grady Yarbrough · nior product man­
ager at QM , sees the begi nning of a 
broader market fo r color laser printers, 
where cu. tomer: will want to replace old­
er la er printers. Eventually, Yarbrough 
foresee , color lasers will dominate the 
color market due to their high quality, abil­
ity to print on any paper, and lower cost 
than dye-sublimation printers. But he also 
Lhinks many cu tomers are waiting for Lhe 
price to drop bel w 5000. 

George Mulhern, marketing manager 
of 1-fP's Advanced La erJet Operation. , 
. ays "the HP Color LaserJet Printer wi th 

says the prin ter will tar 1ct vcryclay bu..i­
n •s: pri nt ing. 

Xero 's pr du I manager for Work­
group Color Printing. David Kwiatkouski, 
. ees two mark ts for his company'. $8495 
4900 color laser printer. The fi rst is "of­
fi ces that already use color bu t want ro 
switch from mi nutes-per-page Ii.e., dye 
. ublimationJ to pages-p r-minute tech­
nology." The second is companies that 
want Lo bri ng all their color work in-house. 

Greg Porell , director of olor Imaging 
Products and Service for market-analysis 
company BfS (Norwell , MA). is not a 
optim istic as the color printer companies. 
"User want color but aren' t reall y will­
ing to pay much for it. lnexpen ive, color­
jet printers are very popular," he ay . 

Porell says that, for Lhe short term, col-

Today, color Ink-Jets cleariy are best for occasional 
color users, but serious color users wlHfind that color 
laser printers wort! better. In the futu re, as prices drop, 
lasers wlll broaden their appeal. "Production quality" 
refers to the printer's ability to produce multiple 
excellent-quality copies. "Consumables cost" refers to 
cost per 1000 copies, 5 percent of which are color. 

or laser printers wi ll remain a small market. 
pri mari ly for short-run color iJiu. u·ations 
and spot co lor. Farther down the road , 
Porell believe that breaking the $5000 
color laser pri nter price point is important 
but that "speed, not price, wi II open up the 
broader market for color l it~er printers." 

-Steven J. Vaughan-Nichols 
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News&Views 

NETWORKS 

Load Balancing's Inexpensive Performance Boost 

ATypical Network with Load Balancing 

server 

NIC = network Interface card 

A s cl icnt/server computing become. 
mor common. network ervers 

need 10 handle an evcr-incrcusi ng number 
ol' I/ requests from client P s. As n t­
works grow, the bottleneck that limits net­
work p rforrnan i most often asso ·iat­
ed with pa. sing data between the erver 
and then twork over an Ethernet connec­
tion. 

etwork ad mini ·trator trying t mini ­
mize this bottleneck have had everul o­
lutions to choose from. One i to upgrade 
the cl ient and erver machines to high­
er-speed n tw rks, such a FDDI (Fiber 
Distributed Data Lnterface) or 100-Mbps 

thernct. Another option is to move the 
servers to high- peed networks and con ­
nect them to LAN egment with either 
routers or Ethernet- \ itching hubs. A third 
option, called load balnncing, offers a cost­
cffeclivc wuy of handling the traffic that 
passes b tween a server and the re t of the 
network . 

A the term implies, load balancing 
"balances" the traffic between a ·erver and 
a network over multiple network adapter 
cards. Load balancing requires a bridge or 
Ethernet witch between the server and 
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load-balancing software running on a server balances 
traffic to and from numerous Ethernet LAN clleftts, 
whlle an Ethernet switching hub is used to direct traffic 
between the server and the appropriate LAN segment. 

the clients (see the figme at left) and soft­
ware running on the server. 

For servers running NetWare, load-bal­
anci.ng oftware come, in the form of an 
NLM ( etWare loadable module) , such 
as Balance.NLM from 1etwork Specialists 
(Lyndhurst, NJ) or Switch.NLM from Kal­
pana (Sunnyvale, CA). As adapter card 
are added to Lhe server, the throughput in­
creases proportionally. A typical load-bal ­
ancing olution can incre<t. e the aggregate 
bandwidth between the ·erver and clients 
from I 0 Mbps to 20 or 30 Mbp via the 
addition of one or two Ethernet adapter 
cards in the server. 

rn addition to adding bandwidth, load 
balancing provide. a level of fault toler­
ance. lf one of the network adapcer cards 
or network cables fails , traffic between the 
server and the network is simply passed 
LO the other onnection .. Thai· . in sharp 
c ntra: t to the total disruption of traffi c 
flow thal takes place when a single high­
:pccd conn ction linking as rv r to a net­
work fai l . 

Wh n d cs the performance enhan · ·­
ment from load balancing ·ave mon 'Y 
omparcd tu moving to high r-specd LAN 

tcc hn 1 gie. such as FDDI and fas t · 1her­
net? urprisingly, the an. wer is simple if 

486-cla s server running a mix of com­
mon word processing. database. and file 
transfer operation in Net Ware can deliv ­
er only about 20 Mbps, according to the 
re ·ults of an lnfonetics Research (San Jose, 
CA) erver-bandwidth congestion te t that 
compared Ethernet sw itching/load bal­
ancing, fas t Ethernet, and FDDI. 

For the mo t common etWare envi­
ronments with 486 servers. that means load 
balancing with Ethernet switching is a 
practical, co ·t-effective choice, according 
to Michael How~u·d , president of Lnfonet­
ics. The Tn fonetic tudy also determined 
that when a network server is upgraded 
to a Pentium-class CPU or better, then 
the processor i no longer the }jmiting fac ­
tor. Howard ays that for more powe1fol 
server (i.e., Pentium or better) running a 
mi xture of cliellll. erver application ·, an 
upgrade to I 00-Mbps technology wi 11 Ii ke­
ly be needed. 

Such entiment is echoed by switching­
hub vendor-, who will most likely play 
a role in all thre scenario .. "In the . hort 
t •rm , multi pl ' Inetwork imcrfac card. ] 
are the be ·t solution today, because Ithis 
approa ·hj lets you u. c incxpcn ive I 0Ba5c­
T Ethernet cm·d and giv s you a degree or 
fa ult LO! cruncc," says Jim Goede, pr duct 
marketing manager at Lannet (l rvi ne, A). 
' 'Down the road, you will sc people mov­
ing tci I OOBase-T r FDDr to connect , rv­
crs ro th network.'' 

the ser er uses an Intel 486-class 'P . A 

PC­MCIA to Take Off 
on Desktop 



Watcom VX•REXX is an award winning 
easy to use visual development environment 
for creating OS/2 applicat ion. with rich 
graphical u er interface. . VX•REXX 
combines a project management fac il ity, 
visual de igner and an interactive ource-level 
debugger to deliver a very approachable and highly 
productive vi. ual development environment. 

Design Applications Visually 
Create rich graphical application. quickly and 
en ily u. ing the visual designenvi ronment. With 
the visual de igner, youcangraphically create 
CUA'9 I Presentation Manager interface objects, 
quickly cu. tomize their propcrtic , and ca. ily atta h 
REXX procedures using powerful drag-and-drop 
programmi ng techniques. 

Integrated Development
Environment Build, test and debug your 
application without leaving the development 
environment Then package your application as an 
EXE file or PM macro for royalty-free redi. tribution. 
The power of the integrated development environ­
ment and debugger can also be u ed with your 
exi ting REXX appl ication•. 

Powerful Open Environment 
Enjoy the implici ty of event-driven programming 
together with the global editing capabilities 
e sential for profe ional project management. 
WatcomVX•REXX i open and exten ible through 
IBM' object-oriented Sy tern Object Model 
(SOM) technology. You can acce s all tandard 

•Easily bind objects directly to your database 

• Quickly connect to your database 


•Visually generate and test your SQL query 

• Rapidly create more than adozen chart types with 


over 150 display options 


PLUS 

All of the Powerful Features 

of the New VX•Rexx 

VX·REXX 
VERSION 2.1 

• Over 2dozen objects. Including CUA'91 Containers, 
Notebooks. Pop-up Menus and more 

• Integration and control of existing applications 
through DDE. keystrokes or REXX APl's 

• Easy to learn event-driven programming model with 
complete on-line documentation 

• Context-sensitive help 
• Powerful drag-and-drop programming techniques 

simplify programming 
• Develop professional multi-threaded, multi-windowed 

and drag-and-drop enabled applications 
• Code reusablllty through section sharing 
• Include OS/2 style help and hints In your applications 
• Advanced interactive source-level debugger 
• System Object Model (SOM) based object manager 
• Package your application as an EXE or PM macro for 

royalty-free distribution 
• Integrated console window support simplifies 

migration of existing REXX programs 

Experts Agree•. •"All ill all, VX•REXX 
sta11ds out for ease of use, versatility, and 

power. Ami at $199, includi11gfree tech 
support a11d free applicatio11 di~trib111io11 , it 's 

also a se11satio11al value." 
Magazi ne, February8. 1994. 

"(VX•RliXX) applications ca11 be multithreaded 
and REXX Is probably tire easiest language i11 
which to leam the OS/2 thread model." 
Software Develop111ent , Novcmb r, 1993. 

"VX•REXX is a great tool; it's fun and productive.' 
PC Techn iques, Dec/Jan . 1994. 

'The best new dovobpmonl 
lool ol 1993· 

~..'"""' .. 1"4 
WIK.Om VX·Rl:MX, V.,tion I 0 1 for OS/2 

Watcom vx.REXX 

Version 2.1.. ............ .... ..Special Price $99 

Client/Server Edition ..... Special Price $299 


1·800·265·4555 

Watcom 
A Powersoft Company 

REXX AP!' including DB2/2, because VX•REXX Walcom lnternalional 41 5 Phillip Street. Waterloo. Ontario, Canada. N2L 3X2 Phone: (519) 886-3700 Fax: (519) 747·4971 

is ba ed on the OS/2 2.x tandard *Price and specification are subject tn change without notice. Price doc no1 include l'rcig_ht and laxc,'i where appllcnblc. Pncc~ quoted in US dollars 
Watc(lm, the Lightning Device, and VX•Rr:.Xx urc trademarks of Wa1cQm lnterna1ional Corpora1 ion Other tradcmarb are 1he prop!!rtil!:i. or !heir 

ystem REXX. re pecrive owners. "Copyrighr t994 Waicom lntcrnation•I Corporation. 

Circle 1 53 on Inquiry Card. 

http:VX�Rr:.Xx
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News&Views 

WINDOWS AND MAC IMAGE E D IT I NG 

Photoshop and Picture Publisher Get a Face-Lift 

T he top vendors of image­

proces ·ing software are 
unleashing new version of 
high-end programs that have 
plenty of power to alter images. 
A dobe plan · to release new 
versions of Photoshop for Wi n­
dow . T, the Mac, and the 
Power M ac by the end of Sep­
tember: Micrografx planned to 
release a new version of it. Pic­
ture Publi her image-editi ng 
program for Wi ndows 3. 1and 
Windows NT this summer. 

Adobe· ((4 15) 96 1-4400) 
Photoshop 3.0 ($895) main­
tains its extensive set of edit­
ing and retouching tool. but 
add mighti l y to its perfor ­
mance and productiv ity. The 
1110 ·t signjfjcant update i sup­
p011 for multiple layers. With 
thi · feature, you can now ed it 
an el m nt of an imag on s ·p­
arn t layers, a process akin to 
the manual d sign method of' 
worki ng on indi idual she ts 
of' acctat . The r ·ult is fas t­
er and easier edit in : You can 
xpt:rimcnt ' i th ideas, co lor 

chung s. und techniques on dis­
crete layers and see the re. ults 
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without affectin g the ori ginal 
image. When all the image el ­
ements are arranged to your 
sati sfacti on, you can •·flatten" 
the image when aving the data 
into a ti le so that the layer in­
formation i discarded. 

Another welcome new fea­
ture is enhanced color correc­
tion. which includes the abil ­
i ty to se lec ti ve ly adj u l ink 
amou nts on indi vidual co lor 
channels (or co lor plates). a 
new CMYK qui ck preview . 
and the abili ty to interacti vel y 
. atu ra te or desatura te colors 
with a new Sponge tool. Adobe 
ha improved upon Photoshop 
3.o· twea ks by adding cu - art Image directly Into another Image. 
tomizabl e fl oa ti ng palettes, a 
new preview feature for fi lter , Th e new Window. version 
and a Commands palette for upports mu llithreading under 
assigning one-button acce. to W indow NT allowing it to 
oft n-uscd co mmands or f'o r support dual-prncessor s. On 
cri;ating ·ust mpulctt ·s f'or di f­ the M ac platform, the program 
f'c rcnt edi ting tasks. is ava il abl e in a co mp ! t ly 

Photoshop also has another nat ive PowcrP ver i n; Pow­
fea tur th at' s sure t please its er Ma u er wi ll sec an verall 
fa ns: It is signi fi ca ntly fast r I ·r formance b( os t over Pho­
than the curr ' Ill version, both l shop 2.5. 1, which wa · wriucn 
on th e Pow ·r Mac ~~~~;s:::'.:~~ in 680x0 processor 
and und ·r Windows. H: code but u cd a 

plu g- in modul e 
wrill 11 i n code 
for the Power­
p that ffercd 
perf rmnnce en­
h ancemenls for 
ce rtain opera­
ti ons. 

Lf' you want a 
powerful image­
editing program 
but also wa nt to 
spend a bit les 
money, on id er 
Mi c r og r afx' . 
((2 14) 2 4- 1769) 
forthcoming Pic­
ture Publ isher 
5.0 ($595). (The 
. Latus of Aldus's 
PhotoStyler pro­
gram for Win ­
dow [see ''Pho­
LoS ty l er Fights 

TeNt 

TIM I copy 

Moon 

A...................... ........................ ....,..........__..,.. .......,...,._..... 
4 

The new version of Picture Publisher's Clip Art Manager lets you drag and drop a clip­

Back ' Febrnary BYTE] is un­
clear now that Alclu and Ado­
be hav announced pl an · to 
merge.) Pi ·tur ' Publ ish r 4.0 
already had layers avail able, 
but the new release adds sev­
era l as'-of-us and produ ­
ti vity nhnncem nts, incl uding 
cu ·t mi zable too lboxes and 
workspaces, new monitor and 
printer-ca l ibrati n tools. and 
e tensive use f hicago-style 
tabbed dialog boxes. 

To save Lime an 1syst· m r ­
. urces. Picture Publisher al ­
low. you to work on images in 
I w re: lution and Lh n auto­
matically apply the edits LO the 
high-re olution version of the 
image. A nd for tho, e who can't 
make up their mind " lhe pro­
gram has an Infini te nclo fea­
ture that aves your command 
list and allow you to und all 
or selected c mmand, . 

Lf you are budget-con. iou 
and only want to do occasion­
al editing, you can choose from 
everal lcs. -expensive tools in 

Windows including Leadview 
3.0 for Window. (Lead Tech­
nologies (7 04) 549-5 532 , 
PhotoFini h 3.0 (Softkcy £n ­
tern ationa1, (6 17) 494- 1200), 
and PhotoPai nt (Corel , (613) 
728-8200). -Jon Pepper 
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News&Views 

COMMUNICATIONS 

Businesses Turn to BBSes 

T he concept of the infor­

mation highway ha cap­
n1red the imaginations of com­
puter u ers and ed itor alike. 
But in the midst of all the head­
line , one al temat.ive that busi­
ness and government agencies 
areincreasmgly usiJ1g to share 
information has ex isted ince 
thecarlydaysofpersonal com­
puting: the electronic BBS. 

Says Scott Brinker, president 
of Galacticomm (Fort Laud­
erdalc, FL (305) 583-5990), 
which produce The Major 
BBS, " We have 
seen asignificru1t 

ramping up of ~~~~~~~fj~~~~~~~;~;~;:;::s Lh e sys tem ·ales in 1994. fi up-w hi c h 
People used to 
see the BBS a 
a hobbyist ven­
ture. Now ir 's 
seen usu rea l 
too l r r busi ­
11 · ss ." Board-
watch muga­
zinc, which 
cov rs Lh 
BB mark L, 
estimates that 
at th end 
or 1993, ap­
proximately 
60,000 BB es operated in the 

.$.-roughly twi e as many 
as th r wcr• 18 m nths car-
lier. Today's BB es offer mul­
tiLask ing (a llowi ng multiple 
users to perfo1111 acti vi ties such 
a: E-mail , ril e transfers, and 
electronic chatting) customiz­
able GUls, securit y, and ga te­
ways to the [nLernet, E-ma il , 
and other network, . 

In the w rid of bus ine ·s 
communication , BBSes sit be­
tween internal LAN · running 
Lotus otes or Microsoft Ma.i i 
and external on-line service. , 
such a. ompuServe and BfX. 
BBSes provide a relatively in­
expensive way- both in tem1s 
of co. t and training- for em­
ployees lo communicate with 
outside customer ' and with 
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each other. 
Ln the business envi_ronment, 

BBSes are most popular for 
external communications, such 
a customer support, and for 
providing a central info1mation 
system for field offices. In con­
trast to a product like Notes, 
which requires a user to have 
cli ent sot'lwa re to acce a 

Otes database, anyone who 
has a terminat program can dial 
into mo. t BBSes. In addition, 
mru1y BBSes offer the advan­
tage that the operator has com­

plete control over the ys-

A new 
add-on optlonforTheMajorBBS called
Search and Retrieve 3.0 lets users 
search severat ~bytes ofprelndexed 
text Il les, using up to eight keywords. It 
alsoadds theabllity toprevlewgraphlcs 
on·llne before downloadingthe Ille. 

tem from Lhe user interface to 
the levels of ecurity. 

itibank us The Majo r 
BB to connect it aucliL-divi­
sion ol'lice all over the world. 
"We used to send audit reports 
on diskettes by overnight ex­
pre. s," say · Gene Friedman, 
the firm 's man ager of data 
communications. " It wa ex­
pensive and unreliabl ." To­
day, the offices ·end reports by 
modem directly to the centrnl 
BBS al Citibank headquarters 
in New York. The BBS is con­

nec ted to the 
office LA 
interna l 
also have 
ab i Lit y to post 
fi les and mes ages. 

Friedman estimate that the 
company spent under $15,000 
(about $5000 for the PC, $1000 
formodems,$6000foranX.25 
line lease, and $2000 for ·oft­
ware) to hook up 30 offices 
around the world. "There real­
ly was no alternative otber than 
ome kind of WAN [wide-area 

network]. " says Friedman, 
add ing that s ince he's se t 

took about a 
week-maiJ1­
tenance ha · 
been minimal· 
mos t f it , 
such as d · let­
ing old l'ilcs, is 
automati . 

Another in­
terc. ting BBS 
app lication is 
that r Wi e k 
Photo Databases 
or arrollton, 
Texru, which sup­
plies photographs
and •raphi s to 

the med ia . Using the Mae-
based T -leFinder BB fro m 
Spider l.shmd Software (lrvine, 

A, (7 14) 669-9260), Wieck 
offers a cent ral reposit ry in 
which new ervices and ma­
jor new papers, such a the 
Washington Post and Lhe New 
York Times , po t their photos, 
which can then be downloaded 
via JPEG data compress ion by 
other newspapers and publica­
tion . Trav.is Hughes, a partner 
in the busine. s, ·ays new pa­
per. and public-relations fu-ms 
us his compan y's service to 
retrieve photographs to use 
with artic les and trade bro­
chure . 

Some BB systems are de-

A new Wildcat BBS Suite from Mustang
Software (Bakersfield, CA, 18051873­
25001 offers many new features 
designed to appeal to both the business 
and entertainment field&. A new 
programming languagecalled wcCode 
lets the BBS operator customize the 
BBS to provideunique menu choices 
and place any feature or wcCode 
application on any Wildcat menu. 

igned to run on LANs and 
modem connections alike. One 
such system i · the Mac-based 
Fir tCJass from Soft:Arc ((905) 
415-7000) of Markham, On­
tario , Canada (see "A First­
Class Experience," September 
1993 BYfE). This system uses 
a client/ erver model 8J1d sup­
ports multip le network proto­
cols. The client software, which 
is installed on Ma s or Win­
dows-based P s ca l I ing into 
the system, is di ·tribut ·d fr·c 
of ·hargc, while th server soft­
ware is priced according to the 
number of user . oftArc also 
off rs a command-line client 
interfa e that allows connec­
tion for any computer that an 
emulat a VTIOO term inal. 

. oftAr ' vice pre ident of 
corporate affairs con Welch 
says that a " Big 6" accounting 
firm is n w using Fir. t las. to 
maintai n an " i111elleetual capi­
tal" repository, available to all 
th firm 's office around the 
country . rr one office gen rates 
a report on the te tile industry, 
for example, it 's po ted on the 
FirstCla . s BBS so that other 
office ' can access it. 

BB es are relatively easy to 
set up and maintain and are 
priced in the $200-to-$1000 
range, depending on the con­
figuration and number of users. 
The bottom line i that if you 
want ful l contro l over your 
company 's internal and exter­
nal communications, a BBS is 
worth con ·idering. 

-Nicholas Baran 

http:formodems,$6000foranX.25


Introducing Z·NOTEFLEX~ 
The Ultimate Multimedia Presenter. 

Loo sen your tie. and get 

ready to bring down the house. 

W ith Z - NOTEFLEX. Zenith 

Data Systems· new multi

media showstoppe r. 

Built around a powerful 

notebook. the Z-NOTEFLEX 

system lets you take the show 

on the road. and carry it around 

in your hand. With sharp, 

colorful video and ste reo 

sound. your business pre­

sentations are sure to get 

attention. Detaching the 

C D dis lay n ing i t 

will 

n eve n g r t 

And h e Z-NOT FL - x · 
dula r o mp ne nts ff 

. multi -

a p ilit i s 

riphe r I soluti n . S y 

cu t m rde r th f tu r s y 

w a nt t d y, th n upg ra d e 

when you 're r dy. 

Your audi e n c w a nts som ething w 

watching. And ti Z - NOT 

Make that connecti o n. a nd y 

overnight success. 

Call u s for the awes 

1- 800-841-5881, Ext. 5136 

ZENITH 
DATA SY S TEMS 

M A K E T H E C 0 N N E CT I 0 N

Why Settle For Being Merely Effective 

When You Could Be Insanely Awesome? 
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News&Views 

CD -RO M COMPRESSION 

Two Ways to Cram More 
Data on a CD-ROM 
F or a lot of commercial 

and corporate CD-ROM 
software developer ·, 660 MB 
ju t isn 't enough. Once a rarity, 
mul.tidi sc packages are now 
becoming more common. Be­
cause each additional D­
ROM disc increa e · produc­
tion and packaging co. ts, 
developer are seeking ways to 
get more data on a di sc. 

Until now , lo less com­
pression utiLities have not been 
available for CD-ROM drives 
becau e of incompatibilities be­
tween DOS and CD-ROM file 
systems. Two companies aim 
to change that. CD-ROM SA 
(Golden, CO, (303) 526-7600) 
has created a driver for Stac 

lcctronics' ta ker that allows 
it to compress fil s written to 
th D-ROM fil e format. 

WB and As o ·iates ( arl s­
bad. A, (6 19) 930-0440) has 
announ ed a pa kage ompris­
ing u number r m1 ress ion 
s hem s Lhal arc optimized for 

D-R M. Both compani e 
·l11 i111 to minimally double the 
amount of darn th at ca n be 
recorded on a di . 

D-ROM A's Rl -X2 
Driver, whi hi - available now, 
fool s P s into writing to the 
1 0 -9660 fil e format that is 
tandard for mo. t D-ROM . 

The computer thinks that it is 
writing to a stcu1dard DO FAT 
(fi le allocation table), but in re­
ality it 's writing to an image of 
the DO FAT that the Rl-X2 
Driver creates in virtual mem­
ory. The driver then encap u­
lates all the compressed files 
into one large file on the di s . 
To the computer, it 1 ok like 
one large ISO 9660 file. The 

RJ-X2 Driver, however, sees 
all the files as compres 'ed DOS 
FAT file ·. 

CapaCD, EWB ' compre ­
. ion utility , take a . imilar ap­
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proach in that ir encap ulate 
the compressed files into one 
large file. But the program ees 
the data in the file in either ISO 
9660 or Apple HFS format. 
The advcuitage to this approach 
according to EWB. i that it 
avoids the limitation of the 
DO file system, including its 
2-GB maximum volume size. 

EWB say · its own "distrib­
uted indexing" cheme, where 
each compre sed file carries 
its own indexing data, offers 
another advantage: It provides 
faster fil e access. The CRI-X2 
Driver places all Lhe indexing 
data in one header for the en­
tire com pre ·sed volume. EWB 
say that lhe CapaCD utility 
will be availabl sometime dur­
ing the third quarter. 

While D-R M US uses 
the popular tac c rnpr . sion 
engine, .. WB ha. gone with 
its own engine, which is called 
Multi press. Actually, it is . ev­
ent! ngin •s ; u h , th · c m­
pany claims, i. optimized for 
a particular data type, su h as 
tex r, imag' , or audio. 

EWB pre -ident d Brakus 
sec · the choice between the 
two engines as a 1 chnology L ­
·uc. " ta will need 10 develop 
an entirel y new co rnpressi n 
technology to ca tch up, " he 
. ays. D-ROM SA is b·mk­
ing on Stack r's proven track 
record and the close li es be­
tween tac Electronic. and Mi­
crosoft (Sta and Microsol't an­
nounced in June a cross-license 
agreement to end their disk­
compression patent di spute ). 

rn reality, th ere is likely 
room for both engines. Some 
companies need as much com­
pres ·ion as they can get. Others 
will ·acrifice the smallest pos­
ible file size for a familiar and 

trusted compression method. 
-Michael Nadeau 

Seer-Sem Offers Realistic Forecasting for Programmers 

One of the MIS wodd's many holy grals is a forecaslllig metllodology that 

can be accurately applied to software proiects: a software swami, If JOU 

wll, to whom JOU could hand a project specification and who would hand 
back an accurate prediction of how much time or Hnes of code a given 

project would require. 

That's the basic Idea behind Seer-5em from Galoralh Associates ll.os 
Angeles, CA, 13101 670-3404). A limplifled descrlplioa of Seer-Sem 

might be that it Is a software engineering tool that leads JOU through a 

well-structured hierarchy of flll.fn-the blank fields. When this process 

is complete, Seer-Sem pnendes a variety of reports and charts that tel 
you what resources your company wiU have to devote to the project. 

Seer-Sem Is extremely flexible. For example, the pacllap is quite con­

tent to worl! with lnconiplele information, thanks to "lcnowledge bases" 

that are provided with the package. When JOU bePI describing JOU!' prai­

ect, JOU tell Seer-Sem what type of applcatlon your CllllllliDtlon wll be 
building-for example, a CAD package or a database package-and 

Seer-Sem will draw from its knowledge base of such appllcatlons to 
fll In the missing Information. Of course, the more you tell Seer-Sem 
about JOQr application, the more you override those defaults, and the 

more accurate Seer·Sem becomes. 
Al JOU use Seer-Sent, Its knowledp bases learn more about your pro­

srammers, englneen, and orpnlzatlon, and Its predictions become 

fine-tuned. Galorath updates the PfOll'lm's knowledp balff about 
once a year. 

To test the package, I fed It Information from 1 database-eqlne 

project I wortled on some time aao, the fruits of whlcll Ito be honest) 

never llW the H&M of day. Seer-Sem allows three level• of hierarchy In 

the software'• model: CSCI !computer software conftpratlon tt.m, 
which Is topmost In the hierarchy), CSC !computer IOftwan compcMllftt, 

the mlddle level), and CSU !computer IOftware unit, the bottom level). 

The 1111nual doean't pnm 1 rtaurous definition of what lhould be 
at uch level, so I considered CSCls to represent lndlvldual proarams, 
CSCs to represent major functions, and CSUs to represent lndlwldilal rou­
tines ILe., the actual code). This Is probably 1 good approach, as I 

was able to quickly factor my application Into Its components. 

For eumple, to enter Information about 1 CSC, Seer-Sem's outllne­
structured questionnaire required that I prowlde the followlng: an esti­

mate of new Ines of code ind an estimate of pre-ulstlne code. The pre­

existing code category was further divided Into subcategurtes, such 

as whether the code was designed for reuse and what percentap of the 

code would have to be redeveloped and retested. I could also select the 

dewlopment lanpap, such as assembly, C, C++, Ada, or SQL The pick 

list is quite extensive. All this data lnflueilcel the program's predlctlo11s. 
I suspect that Seer·Sem's greatest benefit Is largely hidden. As you 

1111 In the blanks, YoU are forced to dig up Information about the proied 

that cannot help but lead you to a greater undemanding of It. The 
journey becomes its own reward. 

And my test project? Seer-Sem told me that I was looking at a two­
year job. No wonder I never finished It. 



For Windows NT users hungry 
for NFS services, BW-Connect 

is Grande Cuisine. 

"Carl, I know your transfer rate is 1 Megabyte/sec, but th is isn't a fast food restaurant!" 

kern 1-mod 
T, oit become a eaml · part of 

th t m. Multi-Lhr ad dfor high 
performanc on ome platform it 
an deliv r a tran fer rat of v r 

1Megabyt -p r-. econd. Tu er. 

an tran par ntly a e· , manipulat 
and print fil from · r r 
with upporl for 2. 5- hara L r fil 
nam and IX® mboli link . 

Th oflwar i impl m nt da 
anat.iv 32-b iL in Lall cl fil y Lm. 
It upport both a , n itiv and 
in en iLiv fil nam .· and print 
dir tlyto th Window T Print 
Manager. amle integration with 
Window TFileManager i de 
riguer. And it' all-n wcod that 
upport X86, MIP and DEC® 
ymm tJic multi-proce or platforms. 

today and gi all your Tu r 
tran par nt a ·ce to a fuU m nu of 

F rvi · . Fr cl ay, ban appetit! 

For your FREE 30-day 
BW-Connecl evaluation call 
1-800-463-6637 today. 

Let~ Connect!'M 

In addi tion to client software, Software"' 
BW-Connect FS for Window Ti Circle 162 on Inquiry Card . 

- also a erver and client for TCP/lP •J)t\dt~r l f'~lcd 01J). ~(1vdl m11krio ~· 'll AIT\lt1!1r~ ..,;1b ro 1« 110 tb" pMlucl 
~runs wirii "ill lr1dcmubaft' 1ht p!OJl"ll~· uf lhc1r re&ptfli\e mtflet'"· 81"amr &· \rh11,sid 
NetWore . ik&! .\ dTiwtd "af1111:ut, Inc. 706 Hi li.Hititou1h "1 . liDlc:11h. ~f.2i603 . T1•l·(IJl~HU1·8tJ89, 

l~ofk~'" " inOO.!! f.u;(''J JQ)83l·8990. D1994 ~lint& Uhik<lit!cSoftwnrc. lnc.1012}appli ation ·. omake re ervation 
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The New Sound Blaster AWE32 :" P . It also includes effects like choru and reverb for in reased 

Introdu c in g rh e wav e of t he future : the n ew depth and ridmess. And QSound o you can position sounds in 30. 

ound Blaster AW E32. It combines adva nced wave It even comes with downloadable oundFont'" technology, 
d 

tabl synthesis, a powerful digital signal processor, so you can add to the library of sampled sound effects and 

and the hottes t audio effects all on the same ound card. r;::========t _SOUND BLASTER AWEll INCLUDES: =}:::=======~ 

That's why it's the next generation PC sound standard . 

The ound Blaste r AWE32 puts th e world' purest 

music synthes is technology ( from E-mu ystems) inside your 

SOUND BlAST£R AWEJl GENEIW. MIDI INTERFACE HSC INTERACTIVE SE 

TRUE 16-BIT CD SOUND THREE CD-ROM INTERFACES CREATM WAVESTUDIO" 2.0 

ADVANCED WAVEfFECn" MICROPHONE Q SOUND CONTI\OL PANEL 

SYNTHESIS SOFIWARE INCLUDES: CREATIVE ENSEt1BLe­

ll·VOICE POLYPHONY CAKEWALK APPRENTICE FOR CREATM SOUNDO'LE " 

SAMPLING SuBSYSTEH WINDOWS CREATIVE MOSAIC 



111 strum nts. For power u crs, it sa nd s. Bur the new Sound Blaster AWE.32 is only .399.q 

o ffe r s r h c Iates t p e cch tec h - No oi:hcr o und card co mes clo s . o und interes ting? 

n o lo gy . o you an n av iga t e Vi it your l cal rcative Labs dealer. O r caU1-800-998-5227. 

through all r. he major Windows '~ 

applications using voice commands. CR:::::ATIV~-Of cour , ir's a Sound Blaster. So it makes all yo ur CR EATIVE LABS, INC. 

favorite game and softwa re sound more urrageous than you 

ever imagined. All this sound technology could cost you thou- WAKE UP THE REST OF YOUR BRAIN~" 

Ir.~ o(Cn;attlT lrch.nolom· Ltd All othn tr..dfDLll'b Mt" tht proprny of lhc&r raptt''"' ownm. US. UlqUints: Cnat•'r't Ubs l-8(X)..998...S227 or .fOM28.6600. lnrcrrutiorul tnqUutt$: Ctt:at.i\>c T« hnolog.)' LtJ.. S&ng.iporr, TEL 6S-77.l-02JJ FAX 65-773.()JSJ, 

Circle 161 on Inquiry Card. 



News&Views 

PROCESSOR TRENDS 

Getting CISC into RISC 

T he RISC-ver us-CISC de­

bate i taking some inter-
e ting turn that could have a 
profound effect on the future 
of the personal computer in­
du try. For the past few year , 
conventional wi dom ha tat-
ed thaL, all things being equal, 
RISC perform better. 

What's muddying the waters 
is software. For better or for 
worse, as Andy Keane, man­
ager of product marketing at 
Mips Technologies put. il, the 
80x86 architecture " own the 
binary." The one bright spot in 
the RlSC firmament- Apple' s 
ucces with it, Power Mac ·­

is because of Apple' power­
ful influence in the Mac soft­
ware universe. 

The challenge faci ng RISC 

ported to RISC. The fact that 
an application written to the 
Windows NT Win32 APT can 
be compiled relaLively pain­
les ly to 80x86, Mips, Alpha. 
and (soon) PowerPC platfom1s 
encourage the like of Mip , 
DEC. and Motorola to stay the 
cow·se while NT increa e its 
market share. Their RlSC PC 
trategi es are predicated on 

the belief that lhe migration 
of the Windows 3.1 in tailed 
base to the far-more-capable 

T platform is inevitable. 
Chicago (aka Windows 4.0) 

application written lo the 
Win32 APT hould increase the 
number of programs that can 
take advamage of most of the 
feature of mi NT platform. But 
Chicago's pop-

vendors i s to s tt11p:p:o:r:t-~;.,..W~:::::=;~:;;;;;-1
enough f the ... 	 r ... , lation 
80x86 oftware 
base o th at 

. h. 
w i tc I ng Io 

RI beco 111 s 
a to lerabl al ­
ternative Lo ·on-
Linuing to invest in 
80x86 machines. 

The prevalent ap­
proa h today i. t 
f'f t f·er some sor o · 

software emulation 
lhat al lows u. ers lo 
c ntinue to use lheir 
DO. /Windows ofl­

a,, On 80186 u11Ul'MS lal\eS e c~)lslo0Klf\1&torn5af\Kl::aI ~ ms \Tonanc , I prlnl& IM
ln~ema\\onel ~etaR~~:ersu$"CISC wars. !~;ssa RISC processor 
b\11, splash in u•e c\'lno\ogy that en-80~ and 680)1,0. 
patent 8pp\lce~\~~~~ct1on iiets. sue" a~mlth the 1MSteehno\. 
to ernu\at ot11e n pres\dentGeon~e oce~sor. In tne case 
f>,Ccord\nt to com~~ J~st about anY RISCtd decoder to handle 
o'/;J Is app\\ca~\et\on It provides a mod~~ condition codes. 

' of 80ll86 t?mu a ' eans to uac\I. . and ellBcutlon 
80ll86 Instructions. a Ill die SOlle6 address1nl& e-1>att1cularty 

...or.\a\ hatdVl&re to 11an \ate \l'l0 f\'l80\1\ne sta~ 
s,,...- d a "'"" to elllU M..c.sor amodes, an ".:Of an SQ)l86 pruvu~ · 3250-that uses 
t\'le register set d a processor-the IMS 68040, and It claims 
1MS has devetope u\ate bOlh e 486 and avlde c1sc emu1at1on 
RISC p\peline to emRISC processor can proS!ll'lh \MS \'las di& 
t1111t just aoout any I clrcu\\~· ~cordlnl& to Rl~C ~ssormek· 

ware on RfS hard- w\\tl \lttle a(ld\~:~011,Y wlttl more tnan ~~~d committed to the 
cussed Its tee s time no compan1 t It could p«>v\d.e a 

ware. But so flware er, althOugn ~\~:l~S tec\"IOOIOgy p\ays~~\SC worlds. -a.a.1emulation , for th e 	 techl\o\ogy. 'dd• between the C\SC an 
significant br1 &emost pan , is too slow, 

while the in stall ed 
base of RI P s is 
too mall Lo tempt most 
software makers into convert ­
ing their 80x86 software into 
native RIS code. 

more patiem approach is 
to wait for the binary Lo come 
to you. Mips and D EC are 
banking on Window T Lo 
provide a ready source of ap­
plications that can be ea ·il y 
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ul<uity may 
discourage fa. ter migration to 
NT, esp cially given that NT 
cu1TenU y require about three 
lime. as much RA I ru today '. 
4-MB P s. either Mips nor 
DEC sees a major impact for 

Tin the general desktop mar­
ket before 1996. 

Two years i a long time, 
and a number or companies 

are working hard to get more 
of that 80x86 binary today. 
Prominent among the se i 
IBM, which i now working to 
perfect its PowerPC 615 chip. 
Like software emulators, the 
615 will let you run 80x86 
code on a RISC platform- in 
thi ca ' C a native PowerPC 
machine. The difference i that 
lhe 615 provide. a hardware­
emulation capability that is sig­
nificantly fa . ter at executing 
80x86 binarie than ·oftware­
based emulation. How much 
fa ter i unknown and it de­
pend greatly on how IBM ap­
proaches hardware emulation. 

Approache · to hardware 
emulation include providing 

an as ist lo a software­
ba ed emulator, 
pulling a ·cparat 
80x86 proce sor 
on the same die as 
a RI processor, 
and er ating a 
hybrid execution 
pipeline that can 
handle RI and 

I inslruc ­
ti n . The fin 
so lution is the 
least costly, but 
it provide, the 
smallest 80x86 
performance 
gain. The sec­
ond olution 
provide th e 
be. t 80x86 
perfom1ance 

gai n, but it 
yield · ve ry bi g­

and therefore very expensive­
chip. . The third so lution , ac­
cord ing to sources, i. the one 
IBM ha settled on for the 615. 

The 615 has two modes of 
operation . rn one, it acts l ike 
a nom1al PowerPC chip. When 
the operating ysLem tweak a 
specia lized mode bit , howev­
er, the 615 decodes 80x86 in­
su-uction ' into microcode that 

Apple's Mac Quadra 610 

DOS-compatible system 

(see "Apple Provides PC on 

a Mac," January BYTE ) 


Apple no longer rnakes the 
system but mig\1t offer a sim­
ilar but Improved product for 
Power Macs. Eric Wee, a 
spokesman for Apple, says 
the original DOS compatibll· 
fty card for the Quadra 610 
was produced in limited 
quantities because Apple 
couldn't predict what the 
consumer demand would be 
for the first systems. 

However, Apple recently 
demonstrated a Power Mac 
6100 running a prototype 
DOS compatibility card that 
had a DX2/ 50 processor 
and could play SoundBlaster 
files. Dave Daetz, product­
llne manager for cross-plat· 
form products at Apple, says 
t\1at if Apple were to release 
a DOS compatibility card for 
Power Macs, it would likely 
offer Improved networking 
over the original card. Apple 
wouldn 't comment on 
whether It will bring a DOS­
compatible Power Mac to 
market, but Apple 's past 
technology demonstrations 
have typically evolved Into 
products. 

i then nt to 1he xecuti n 
pipeline . In 80x86 mode, the 
615 al. o track things like 
80x86 ondition codes. Switch­
ing between mode is much 
like a tandard context ·witch. 

A for performance. one es­
timate puts the 615 's 80x86 
capabilities on a par with tho e 
of a 100-MHz Pentium , al ­
though there is 100 liLtl infor­
mation avai lable to judg thi s 
es timate's validity . Also un ­
known are the phy ical char­
acteristic of the chip. These 
question will remain unan ­
swered until IBM begin. am­
piing Lhe chip-probably in the 
first half of 1995. Given that 
. chedule, don ' t expect to see 
615-ba ed ystem unti I late 
1995 at the earl ie, t. -Bob Ryan 



For DOS, Windows, and 05/2 
Your~ for new devices and lncrea--1 data storage capacities we constantly growing. 
That's why you need software that will not only connect the- periphel'Bls, but will also 
have advanced features and applications to Improve their performance. 

Connect a Variety of Devices to your Computer 
• Connect up to seven SCSI devices to asingle host adapter 
• No need to purchase different drivers every time youattach anew peripheral or change operating environments 
• Includes drivers for the following SCSI devices: 

SCSI hard drives WORM drives 
CD-ROM drives Multi-function drives 
CD-ROM writers Floptical drives 
Rewritabledrives Printers (SCSl-2) 

More Uses for your CD·ROM Drive 
• Support for multisession and Kodak Photo CD 
• Corel Photo CD lab for the conversion of PCD images 
• CD-ROM writer software lets you use a recordable CD-ROM writer to create customized CD-RO Ms 

More Control over your Devices 
• Diagnostic utilities let you configure SCSI device parameters, check media, and thoroughly test devices 
• System and media browser books let you examine your computer's hardware, operating system and CDs 

Sound Features are Added to your Computer 
•	 CD-Audio player features an advanced interface, multiple player modes. database utilities, 

CD-Digital Audio recording and aWAV Ille conversion utility to record and save sound clips 
• 	WAV File Editor. an OLE application, lets you edit and modify WAV and voe files 

Backup Software 
• Backup data to tape, optical , floppy and network drives, and SCSI and non-SCSI hard drives 
• Support for tape carry-over, "drag and drop" functionality, double buffering and multi-tasking 

Easy to Use 
• Simply type 'Install". New devices added later are automatically configured and recognized on bootup 
• Advanced 1eatures eliminate complex configurations, tricky Installations,and confusing command functions 

Works with Virtually all Host Adapters 

Includes ASPI drivers for over 30 popular host adapters, and supports various models of SCSI host adaplers from: 

Always Technology, Acculogic, Adaptec, American Megatrends, Bus/ogle. CMD. Creative Labs, DPT, OTC, 
Future Domain, IBM, Media Vision, New Media, Practical Enhanced Logic, Ologlc, Rancho Technology, 
Smart & Friendly and Ultrastor. 

And for your Novell NetWare File Server ..• 
CorelSCSI NETWORK MANAGER 
• Connect Jukeboxes, CD·ROM, Multifunction, WORM and Rewritable drives to your File Server 

• Complete Data Protection and Improved Network Performance at afraction of the Cost 
• Includes CorelRAID, so you can customize RAID level 4and 5arrays 
• Easily integrate any manufacturer's hardware. eliminating the need for expensive hardware arrays 
• Hot-swap and hot-standby features eliminate server downtime while replacing failed drives 
• Uses only one drive for fault tolerance, leaving more hard disk space available for data 
• All utilities are completely menu-driven and status screens let you easily troubleshoot problems 
• Faster CD-ROM Drive Access from the Server 
• High-performance CD-ROM server software uses hard drive caching to speed up the access 

time when mulliple users are using asingle CD·ROM drive 
• User requests are sent simultaneously to both the user and the cache 

• Increase Storage Capacities wllb Advanced Jukebox Support 
• Optical jukeboxes are transparently integrated with NetWare file servers, so the jukebox 

simply appears as an extension to the network volume 
• Can map aparticular directory to aspecific cartridge, providing improved data management 

Circle 78 on Inquiry Card. 

Scanners (TWAIN-compliant) DAT tape drives 
Removable drives QIC tape drives 
PC Notebooks 8MM tape drives 

l~llrM~ 

1-800-824-3323 

Software Spectrum gives you all the convenience 
of toll·free shopping. Friendly, knowledgeable sales 
people who know more then just prices. Reliable 
technical support. Plus same-day shipping of orders 
received before 4:00 PM (Central). 

CALL TODAY. 
7 om to 7pm (Central) 

(:coREL" 
1-61 J.728-3733 
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Subnotebooks:News&Views 
AControversial But Growie Manet 

397 3166 
have a 66-MHz Cyrix PORTABLE COMPUTERS 
486DX2 3-V proces­

7.994 
1997Bigger and Better 

C all it a rever e trend. For years ma­
jor PC manufacrurer seemed bent 

on producing the sma lle. t and lig htest 
" full-featured" machine po ible. The 
subnotebook category of portables that 
emerged, which typica lly comprises ys­
tem · that weigh between 1.9 and 4.6 
pounds and are abou t 8.75 inche · wide, 
attracted the kind of excitement usually 
a sociated with a flas hy new sports car. 

But now reality i · etting in: Small too 
often trans lated into product that were 
too flimsy or underpowered for all but the 
most minimal work. Subnotebooks often 
had cornpromi ·es in creen ize, number of 
PCMCTA lot , and torage capacity. 

Expect to ee a new round of subnote­
book introduced thi summer and fall that 
are more imi lar to their lightly larger 
brethren (e.g., with larger screens, more 
power, and even omewhat larger size) or 
repositioned in the market as portable com­
mun i al ion · d vi cs instead fas fu ll ­
ncdged de ·kt p rcplac men!. . 

A prime e 'ampl f th first trend is th 
NE Versa s rics, whi h N is touting 
as a rcdu ed-wcight n t 'b k rath r than 
a subn teb k. Th ma hinc, whi h rang s 
in weight from 4.2 to 5 pound. d pend­
ing on the choic of display m n hrome 

r TI thin-film u11n. is1or] olor). is just 
ab ut the . rnndard not book siz : I 0.8 
in ·hes wide and 8. inches deep. E in­
ludes a lurgl!r display (9. in hes), more 

p wer (up to a 0-MH z 486DX2 , and 
more disk •pace up to 260 MB). To hiba 's 
new Portege T 600 T . ubnot book of­
~ rs ·imilar improvements ver the cur­
ren t T 400 model. 

A Ti al o upgrading its new centia 
SOOS. ubnotebook, with a keyboard that'. 
95 percent the size of the Asccntia n te­
book's keyboard. The As entia 500 is a 
system that wiU be po ·it ioned as a 'mobil 
companion'' for on-the-go professionals 
who ne d to communicate. lt wi ll avail­
able only with a pa ive-matrix display, 
paiily because communi cu tions doesn't 
generally require ac ti ve-matrix screen .. 

Zenith Data Sy terns i · trying to cover 
both ends of th pectrum with a new col­
or version or its Z-Lite subnotebook. The 
company has added larger hard drives (up 
to 340 MB), a ·tandard 7.8-inch passive­
matrix color LCD and a 33-MHz Cyrix 

4 0 BYTE SEPTEMBER 1994 

Unit sh nls 111 lhousaods 

• Subnotebooks • Notebooks 

486 DLC proce sor. Source; lntemat/omil Data COfp. (Framingham, MAJ 

Zenith is complement­ Althollch ........... wll problliJJ

ing the tiny 4.3-pound ,._at OlllJ 13 pen:at of the ..... 1994 
machine wi th the Z­ notellooll/lllbaolebooll Illes Ill. U.S., 

RIC - growth In lhe-. llluks i. 11111 
to • further drop Ill prtces of l'Cr*:ll

Star EX, whk h sport 
a fa ter processor (a options, such a lax/data modmM; &nMlll 
50-MHz486DX2 from hi 11S111B of Eoftlllll; 111111 lncl'Hllllg 

........, of color llllldell.Cyrix), a larger key­
board, and many op-
tion.sin a traditional notebook-size package 
ranging in weight from 5.2 to 5.7 pounds. 

Epson has di continued its Line of sub­
notebooks. Instead, the company is making 
its ActionNote notebook Line lighter- but 
not . mailer- to minimize compromi es. 
A new line of A rionNote computer wi U 

sor and weigh about 
4.9 pound . Part of the 
weight sav ing was 
achieved through put­
ting a 14.4-Kbps data/ 
fax modern on-board 
and including ju tone 
PCMClA Type Il slot 
instead of two. 

And Gateway 2000, 
which helped pioneer 
the subnotebook mar­
ket with its tiny Hand-
Book line, has dropped 

price ' on current model in anticipation 
of adding faster processor , and possibly 
color in the ame form factor. But Gate­
way is now marketi ng the HandBooks as 
super-portable communication too l . It 
appears that vendor are realizing that less 
is indeed le s, after all. - Jon Pepper 

WINDOWS PRINTERS 

Inexpensive, Fast, and Slow to Acceptance 

W h ther th y'r bu. ed on Mi ro­
soft 's At Work r Destin y 'Te h­

nology's nn ta Iara, A Win tyl r 
printin > architecture, Windows printers 
·an de li ver high-quality out pu1 fa. t pri nt ­1 

ing, and, 1h rough bid ir ' tional fecdha k, 
instantaneous, us r-fri cnd ly inf rnrntion 
regarding a print j b' · status. 

Also, because they use a desktop P 's 
P and R M to off-load ta ·ks su h as 

rnstcrization , which previously required 
a powerfu l RIS pr cessor and mem ry 
in a traditional printer, Windows printers 
arc inexpensive. For example, De tiny prc­
di t. laser printers ba ed on its 1200-dpi 
Win tyler solution wi ll shi p in the ·ec nd 
half or thi. year in the $750 pri c range. 

Even so. market analysts and managers 
at leading print r vendors sec slow market 
a ceptance of thi printer category. One 
of the problems with Windows printer · 
has been in omplete networking. Printers 
bu ed on rhc WinSty ler technology can 
currently communicate only with the desk­
l p P to which th y are onnected. Cur­
rent At Work- ba ed printers , ·uch as the 
LexMark WinWriter 600 arc network­
ablc, but on ly the PC that i directly con­

ne ted to the printer ga in. the ben fi t of 
bidirectional feed back through the graph­
ica l At Work interfa e. 

D stiny planned to improve Win tyler 's 
networking capabi liti by hipping coven­
dor · in Augu. t n solut ion that delivers bi­
directional feedback to users n N tWar 
and Windows for Workgroups network ·; 
printer based n thi s new Le hnology 
sh uld start app aring in the first half of 
1995. And Microsoft says it will add bidi ­
rectional communications over ncrwork in 
a fu ture relea. e of it. At Work software. 

Another problem with Windows print­
ers is their incomplete DOS support . For 
cxrunple, printers ba:ed on the current Win­

ty ler technology require you 10 print from 
M -DOS app lications in ide Windows, 
but not all application. can print this way. 

Analyst at BIS Strategic Decisions 
(Norwell , MA) beli ve that as more users 
buy new Windows P s, Window printing 
wi U eventually take off a a product cate­
gory: ntil then, the engineers and mar­
keters in Santa Clara and Redmond will 
be busily working on n w version of their 
solutions and educating the market. 

~aveAnd.-s 





ASSEMBl 

90MHZ, REAL POWER, 	REAL-TIME VIDEO. 
" \ \lirh th \IBRA DP90P /, MBRA. .. ha rl eloped a 
machine that olf'ers evcellenr performance ar area on­
able price." - PC lagazine. tune _8, 1994 

OMHZ INTEL PRO E - 2 6KB l2 WRITE-BACK VIDEO PTI N UP 
OR cl 11\cr 1ndt.1sln - A HE boo t p rfor­TO 2 MILLION WIN­

leading pro e ing · mance above the MARKS. PC/ l ide 
peed up to 147% integrated 16KB internal options provide up to 

fa ter than a on-chip cache. T!. 1 \ \linmar/..s 1../ .0 1. 
~8 0 2f66 tHz. 

M90MHz PENTIUM 0 	MediaPro 1 90 NOW 3599 
Bu<.1ne~., LC'.h •: 12 fl' lonthTANDARD FEATURE 
A 	 Int I IJOMI 11 Pt•1111u111 I' IA lnr ,f 'J01\-1H1 P nt1um P 
A 16 IB RA I, M,"; llllr\113 A ·I -Im PL -Ml'morv- ".1chc D.1t,1 Path 
• 	 "':!OMl3 Enh,1nt ed 1or .l\ ia1A 	 _56KB L..? I f,KB LI ·ache 

I I.ml 0 i h. Drtve& 	 F.:i t J2 -bit P I/ID[ ·ontroll r 
A 	 l ~ " F. I· 'l Color \on llor-l R & 1·A 2 P I & I I P I '101~ 

11 J.b viewab le 'tfC'l·n ,jzC't& 	 3.5 ' 1.-141\\B D1sJ..ett Dri\e 
A 	 Douhl •- peed Multi~e,smnA 	 6 Drrv Bavs 

0-ROM OrrveA 	 Lt' mark" I 01-Ke\ K \board 
A 	 16 -bit Sound Card ,11,, :! Jll',1 kerA. MS-DO · .1, Windm~·s'" i. I. Mou c· 
A 	lrueVideo"" Capture Board \\1th T eng• 	 One-Year IBl\I Onsi te Ser ice 

Video Image Prote :;or 

8 DP90PCI NOW $2899 0 	MediaPro 90T NOW $]999 
Bu. ines. Lea .c: ID.JI lont/i 	 Bu~1ness L J e· SI -1.! Month 

A lnrel OMHz Pentium CP A Mini- Tc wer ha.,.,is 
A 8i\IJ3 RAM, Ma : I _8MB • lnrel <JOMHz P 11t1urn CP 
A "'20Mfl Enhan ·e<l IDE a•1a r •' A 1flMA RAM, Ma · 1.!llMA 

Hard D1 k Drrve A l .-IGB t2. -20MR Enh.1nu•cl IDI 
A 1'l" f ·T- 'JI olor Monitor-L R av1.ir H;ird f)j,f.. [)riv<'' ' 

1 I l h r 'W,1blc• <rt• •11 'i/C' ) A 15" FST-1 I Co lor Mon1trn -l f~ 

A. 	 Duubl •-Spc•ed uluse smn ·11-R M 11.(," '' •wabl 'lrt' •11 ilC•l 
• 	 PCI raph1ts ttt'lcrarur 2MB R i\I A ouhlt' · Sp • •d Mulri'l'''"Hl 

D-KOM I nw 
A 16 brl ound C1rd , · .! ~Jll'olf..l•r., 

A 	True idea Cap lure Board "1tli Is ng 
Video Image I roe l''><Jr 

\M DllA 

P 1- 1-2 OPTION 
( XPAN ABL TO 8CB) 
allow. vou to tor an ~ c•normou ,1mount o; 
rlata and ad, ·1ncc>rl 
.lfJplical ion.,. TSENG 

l A 8 S 

TRUEVIDEO 
.rll. onm• h to 1,11111.u<l l ,11nc orrl '' ' & V R 
A Vidt'o ( .iptur<' 111 1111 b. lolmn 1dco 
A (om •., w11h \11dc•11 (111 \ V111rlmv' 

& lnl<'I l11dl'<> " ( 011 1pr • ''"11 
Versatil Performer 
A l·ligh -l'Nl<>rn1,ml <' r.iph1l' Video 
A ( ,1ptur & lmporl Dirc•c Ill meo 

\ indm" l\pplrc.111on\ 
A PPrlett '" Color caniwr" tor Prl''t'nta11ons, 

Image• Dat.1basc·' 

Fa I, Powerful Image Proce ing 
A Ultra-Smooth . jrller-~ - lt1gger-Frc·e 

Li\ e 1deo 
A Video Atcel ra11on oi (lip~ lrom 

CD-RO I " 11,ml Dish. 
A 3 I Mi ll rnn v\ 111111.irk -I II al I 0.!4 7611. 

2 'ifi olor<., .it ;"OHz 

Lifclik Di pla 
... -...:1 0.-pla\ t>I Up lo H()(hf>OO I I h ,\.11llion 

Culoc I (l\ I .!80 llll-1 \ l '> <. olrn<.1 
A lrl'll h lm.1g«' Up lo I ..!Ull I 1m~·' with 

1 n I ''" 01 1111.igc• Qu.i l1l) 
A Sr-l1•1 t.1h l" Kl'lri:,fi R.it<·• 01 H> r ram .,/SC'c 

(,() I 1l•ltl.J'><'t or 10 I 1c•lcl" S '< 



LED HERE ARE OUR 

PENTIUM POWER STARTS AT $1899. 
'' The A 1BRA Pentium PC/ D ktop make it clear that th i is 
the new \,\'indow 'Mult iml?dia ) stem t,mdard." 

- l indow uurcc5, pril 19'J.l 

, ,,,_. \\IH'-''\Of1, .1>P< 1_ , ... ,c.~m. Jn/11\\( •Id .'\l.1rc.h '"' 1 11~-1 

6 MHZ I TEL PRO E OR PCI LOCAL BU GRAPHI 
dc/11 l'I'!> I 00 t\.1/P II tlh I/ A CELERATOR option 
"llfl •r t .i/,ir, du.1/-plf>C'lin •d. pr >He/(' ,1 32-hit or 64-hit 
t•nh.wccd tluc1tl/lg-p int grciphic en[;tn - 1de,1/ tur 
.in hit ture. incrca in~ vour demanding GUI-based 
nvcrall prorluc fl vii.~ . ilpplications. 

60MHZ PENTIUM PC/ 0 DP60PCI 
TA OARD FEATURES NOW 1899 

A 	 Int •I (10MHz Pt•ntium CPU 8us111e. s Lease: 681i\1onth 
A 	 (1-l -hit (PU-Mt•mor, -C1c lw A Intel f10 1Hz Pentium P

ll, t,1 P,11h A 	8 1B R /\. \, la . 118MB 
A 	2"61<..R L.! & lhKB LI Ca ht> A 	 .\_OMR Enhan t'CI IDL <av1ar 
A 	 I a~t 12 -hit l'C I IDE ( ontml l r Hard D"k Driw 
A 	 4 l!:>A, 2 I'( I c\ I I l'C I lcit., A 	 I; I ST-NI ol r \l\on1tor-LR 
... 	 I l 1.4-IMB r>1 krm· Dm ' ( 11 .6" \ ' I w.:ihle ~ere 11 . 1zel
• 	u Dnv Rays A 	 P .I C.raphil ALcelerator 
A 	 fa,t l'ri<1I Porh-1'1-~0 ART I 113 DR M 
.& 	Enhanced ParJJlcl Porl-

FCPtEPP 
• Le mark 101-Kcy Keyboarcl 
.A M -D 6.2. Windows 3 1. 

MOU'-l' 
A 	0 1w·YeJr IAM On-.1ft' SNv1l 

DP60PCI 	 ' DP60PCI 

NOW '2199 NOW '2299 
Bu ine Lea e· $78 1onth Bu ine s Leas : 82/Month 
A Int I bOMHz P nflum P .A Intel 60MHz Pentium PU 
A 8MB RAM Ma . 128MB .A 8MB RAM. i\lhl'- . 1-8M!3 
A 5-IUM!3 Enh,111 ·d IOF Cw1ar A ~20 IB nhanc. •d IDE ,iv1,ir 

Hard Di k Drive 11.:ird D1. I... Drive 
A t " " f T- I Color Monitor-LR A I 'i" r T· 11Color Monitor-LR 

1 U. • viewable uc 'n ~ize l 11 .6" viewable screen siz ) 
A P I rapht Accelerator A Diamond 1p r P I Graphics 

2 \113 DRAM celerator 2MB VR M 
A Double-Speed Mufti es ion 

CD-ROM Drive 

LIMITED QUA. rm 

Order an y t m with a CD-ROM drive 

and up rade to multim dia with a 16-bit ound card and 


2 stereo speakers for $49 (offer expires 9-30-94).' 




LOWEST PRICES EV 

THE MSTUT 486 EVER IS NOW EVEN FASTER. 
"... the 0466 I L (1 J/he ta te t ..J86DX2166 we'\'e ever tested." 

- Info World, April ..J, 1994 

up to n 

22 

UPGRADABLE TO PCI. 
witch to PC/ e pansion lot 

by upgrading the ri er card 
and ila hing the BIO . 

l/ VL DESKTOP 
STANDARD FEATURES 
• 	 Upgradable 10 PCI ' Pentium 

Tcchnolog> 
• 	 25ul<E 1i1 -Ba k U Cache 
• 	 Tseng W32p E A Graphic 

A LClerator-1 MB 
Upgradable to 2MB 

• 	 VE Local Bus IDE Hard 
Drive Controller 

• 	 4 16-bi t I 1 32-bit VL 
Bu · 101 

• 	 3 5" 1.44 18 Di k tte Dnve 
• 	 5 Drhe Ba\s 
• 	 Lexmark I 01- Kcv Kevboard 
• 	 M -DO 6.2. Window J. l 

Mouse 
• 	 Upgrade 10 Mini-Tower 75 
• 	 One-Year IBM On ite ervic.e 

TRUE COLOR. Increased 
color depth to meet or 
exceed toda 's demanding 
multimedia application ­
upport 800x600 True 

Color. 

• D4661N L 

NOW$159'J 
Busin Lease: 57/Month 
• 	 486D 2/66 Hz Processor 
A. 41\\B RAM. Max: b4 B 
• 	 212MB Enhanced IDE 


Caviar Hard Di k Drive 

• 	 15• F T- I Color Monitor-LR 

(13 6 • viewable creen izel 

TheA\-tJl!i.• D4b6 I'' I 
lnro l1 nrld 4pril 4 1994 

FAST SERI AL PORTS. Two 
16-bit high- peed serial ports 
use a fa. I 7 6550 UART The 
FIFO buffer allows continued 
erial communication while 

the CPU is proce ing other 
data . 

G BEST BUY 0466 l/VL 
NOW$229'J 
Bu ines Lease: 582/Month 
• 	 486DX2/66MHz Processor 
• 	 BMB RAM, Max. b4MB 
• 	 540MB Enhanced IDE Caviar 

Hard Di k Drive 
• 	 15· F T-, I Color \onitor-LR 

(13.6" viewab le screen size) 
• 	 16-bit ound Card 


2 pea ke,..; 

• 	 Borland Office'" on CD:' 

( ordPerfect, Quattro ' Pro & 
Paradox ·) 

• 	 Productivity Pack on CD: 

PhoneDi c U A Busine 

Macromedia Action ! SE 

Macromedia Authorware E 

Cl ipmedia2 Busin & 

lndu try 


ENHANCED PARALLEL 
PORT (ECP/ EPP) increa e 
print performance from 
200KB/sec to 2MB! sec­
in imple terms, 133 time 
faster. 

0 BEST BUY 04100 I/ L 
NOW$229'J 
Busin Lease: 82/J\lonth 
• 	 lOOMHz Intel D 4 Proce or 
• 	 16KB LI Cache 
• 	 BMB RA1\;\, Max: 64MB 
• 	 710MB Enhanced IOE Ca' 1ar 

Hard Disk Drive 
• 	 15" FST-. I Color Monitor-LR 

(13.6" viewable crecn sizc1 

rJ 

TSENG 

L 	 ~ 8 S 



9, 1994 

iMH 
. 

ERGONOMIC KEYBOARD 
WITH AN INTEGRATED 
76MM TRACKBALL make. 
data entry quick and 
comfortable. 

340MB UPGRADABLE 

A 9.5" TFT ACTIVE 
MATRIX COLOR OR 
10.3'' DUAL-SCAN D TN 
COLOR 01 PLAY /c>I VOLJ 

harp, ivid graphi . 

I 

SYSTEM STATUS 
PANEL lets you 

monitor battery fife, di k 
drive activity, suspend! 
resume and more. 

INTEGRATED ADVANCED AUDIO 
pfayba k and dit iun tion giv' 
your mu/timcdid pre: ntati n 
impact. Or use the record capabilit 
through the in line jack. 

ER. 

THE UIJIMATE NOTEBOOK. 
" ... their ersonom1c design and attractive ieatu~e go a wa 
toward differentiating them from the throng ot notebook PCs 
a aifable. " -PC Week, Ma 

Powered b a fast Inte l DX4/75MHz 
procc sor, the N75D sets a new standard for 

n t books. The 10.3-inch 
....,. u.,."'I clual-s an c lor di pl<1 

re n i_ harp nd 
viv id. W ith int grat d 
udio pla back/ 

r rd, your rnulli­
m 	dia pr en tations 
will be very pow rful. And 

•1u~U<1 ' 944 •~- with an rg nomically 

designed wrist-res t and a long-lasting 

batter , you' ll work comfortably for hour 

It' ll iit comfortably within your budget, too. 


Tl1P A>IRIYO 


.vriO 34U. 

lnt11\\ 'urld. 

\Id\ ..?~. l'J94 


STANDARD 
NOTEBOOK FEATURES 
• 	 1111 •gr.ii d Aucho ( pcaker 

and M1 rophont') 
.._ nler · I lumm frackball 
• S tern talu Panel 
"- 4Ml3 RAM, a : 20MB 
"- J .5'' 1.44MB D iskette Drive 
... Type Ill PCM IA lot 

(1 Type Ill/ 2 Type II ) 
• 85-Key Ke board 
"- MS-DOS 62 
• 	 V mdowsforWorkgroups 3.11 
• 	 6. Pounds, Including 

iMH Batt ry 
• 	 Includes A Adapt rand Case 

CALL NOW 1800-200-3390 


HARO DISK enable 1ou to 
store tons of data and 

irtualfv all kind of 
ad an 'ed app/i ation . 

C?l) N75 D-340 

NOW$2599 
Bu 1111..>s • Lea •: 92/Month 
A 	75M Hz Int I D 4 
A 340MB Hard D1 k Driv , 

Upgradable 
• 	 10.3'' Dual- can DSTN 

Color Displa with Lo al Bus 
Video and I MB Video R M 

CD N75T-340 
NOW$3499 
Busin<'S Lcasl': $ 124/Month 
"- 75MHz Int I D 4 
• 	 J40MB I lard Dis!.. Drive, 

pgradable 
• 	 9.5" A tiv Matri TFT 

Display with Local Bus 
1deo and 1MB Video RAM 

(8 NlOOT-450 

NOW$3699 
Bu iness Lease: 5131 /Month 
A 100MHz Intel D 4 
• 	 4"0MB Hard Disk Drive, 

pgradal>le 
& 9 'i" uv • Matrix TFT ulor 

[)1 	play with L al Bus 
1rl l and I MB Video RAM 

lor 

"- 4MB M •m ry 
A. 81\!f(J rlt / >mar•/ 
• loMB Mm ry 
"- Ni H B.11tery 
"- Ball ry hargcr 
• 	 2.4/' .6 kbps Data/ 

Fa Modem 169 
• 	 14.4 kbps Dalal 

Fa Modem 259 
• 	 12Volt DC Auto Adapter 79 
•	 AC Adapter $89 
• 	 Docking Station $399 
• Delli e Carrying ase $99 
A ew GlidePoint $89 
A NlUOT/ 75T 

Extended Wi!rranty 349 
A 	 '1'iD EKtt..wmxJ 

W rranty 299 

AMBRA 




IN ORDER TO BUILD AFFORDABLE, 


Wh n you buy a computer, y u'r buying 
more than just th computer it If. You'r 
also buying the compan . 

As ou look be ond speeds and feeds­
and of course, price, price, price-what are 
you getting? Are the sy terns reliable? Does 
the company st nd behind lheir products? 
Will they ven b in bu in a fe y ar 
from now? 

These ar th sam con id rations that 
guided u when we created AMBRA/M the 
direct-order personal computer company. 

O UR COMPANY-A CAREFUL ASSEMBLY 
OF ROCK- OUD COMPONE TS. 

In a sense, putting our compan together was 
not unlike building a omputer. As a nimble, 
entr preneurial om an , w ' r abl t look 
at pro e rath r than d partm nts. Ev r 
asp to ur pr du t d ign, m 
endor selection, qua lity 

control, produ l te ting and 
customer service i carefully 
constructed to work as an 
efficient, interdependent part 
of a larger, integrated system. 

What's more, w continua lly 1 ok for 
way to impr v II of th pr II to 
bring ou consi t nt, r lia I omputing, 
from th moment you t k an AMBRA s tern 
out of the box. 

AN OPTIMIZED DESIGN IS 

JUST THE BEGINNING. 


The d vel pm n o very AMBRA y tern tarts 

WE ASSEMBLED 


with a imple qu stion: What can we do to 
bring better computing to today's power­
hungry PC users? 

Our in-house engineering staff and 
product development experts constantly 
a sess thee olving needs of both people and 
busin ses. Ba ed on the need , we then 
d v lop system d sign that fully xploit nd 
optimize th p w r th 1 t t t chnologies. 

THE COMPONENTS OF 

CHOOSING A SUPPLIER. 


We scrupulously examine our potential 
vendors-for quality, t hnology and value. 
We in pect their manufacturing ites. W u 
reputable suppliers-such as 
Intel, IBM and We tern 
Digital. Wet st the mp ­
n nt in-h u e-for rug edn 
c mpatibility and our own d manding 
ben hmarks. 

Once e've e Lablish d a succes fu l 
partner hip with a supplier, we continue to use 
them as the single source for that particular 
component. In the long run, this help u 
ensure con i tenc , qu lity and compatibi lity. 

You CAN'T MANUFACTURE 

THIS LEVEL OF QUALITY. 


xt, we send our qualified components to 
our integrator and manufacturer. Since 1982, 
they've manufactured o er 24 million PCs for 
demanding clients known for their insistence 
on delivering quality. 

Thi faci li ty is I 0 00 c rtified, which 

.. .. ' . . .. .
. ·. 
, I ' ' ' t . 



HIGH-PERFORMANCE COMPUTERS, 
THE COMPANY FIRST. 
means strin ent adherence to an stablished 
procedure of quality ch cks, documentati n 
and rep rting. Checks along the manufacturing 
line include assembly verification, initialization 
wake-up testing, and automatic functional 

tc ting for ery system. 

CHECKS AND RECHECKS. 
Our in-house engineering staff performs full 
component-level and manufactured ystem 

e aluation. an~ rel a test. Even s 
the packaging 1 tested. XX _';1:....t1t 

What's more, e ery new 
MBRA sy tern receive XXCAL Gold 

C rtifi ation, a w II a FCC, UL and CUL 
certification. 

We continu to monitor and alu t 

very a p t of the ntir d ign nd manu­
fa uring pro e s, to d liver more powerful, 
more reliable personal computing. 

A t ti mon to our success, our prod­
ucts hav r eived numerou glowing r view 
nd "B Bu " ndor ements. Among th m, 

lnfoWor/d, PC World, Window. ource , 
PC Week and PC Magazine. 

WE'RE RIGHT THERE-W\TH 
ROCK-SOLID SERVICE AND SUPPORT. 

Aft r w II ou a computer, we tand 
b hind ev ry purcha e. In fact, w 1ve 
enli ed the best upport in the industry. 

E ery s stem we sel l i backed by toll-free 
IBM technical rvice, 24 hours a day, 7 days 
a week. And for desktops and mini-towers, 
IBM onsite technical service is included. 
Finally, if you're not completely satisfied, 
r turn y ur pur ha within 0 day , nd 
w 'II giv ou your money ba k. Period. 

At AMBRA, we're committed to you, our 
cu tomer. We'll always be there when ou 
need u n wand in the future. 

PENTIUM POWER STARTS AT JUST $1899, 

THE FASTEST 486DX2 EVER IS ONLY $1599, 


AND OUR 75MHZ DX4 NOTEBOOK 

IS ONLY $2899. 


We do more than ju t promise high-powered, 
low-priced mputin . We'r r ady to 
d liv r-today. 

In th p g that foll w, c mpare our 
reliable, leading-edge technology. Pentium1

M 

desktop and mini-towers, optimized INLs 
and pow rhou notebooks, among other . 

mpar ur pri - th I 
And when it comes lo our r Ii ble rvice 
and upport, there is no comparison. 

Compare, and ou'll be old on our 
c mputer -and our company. 



__________________ _ 

_____________________ _ 

WE COULD GO ON AND ON. 


MOBILESYMMS _____________________________ 

All AMBRA 
Desktops and Mini­
Towers Feature: 
A Upgrade Path to Pentium 

Technology 

.A 3.5" l.-14MIJ Diskette Dnve 

A Lexmark IOI-Key Ke)'board 

.A MS-DO 6.2 

.6. Window 3.1 

.6. Mouse 

.A One-YE•ar 18/vl On ite ervice 

UPGRADABLE
BUS MODEL ____ 

0 486DX2/66MHz 

Now$1799 
Model D466 W l 
Business Le,1se: $64/Month 
A 256KB L2 Cache, Write-Ba 
.A 8MB RAM, Max: 64MB 
.A 270MB Enhanced IDE Caviar 

Hard Di k Drive 
A 15" rST-:\11 Color Momtor-LR 


1I l.6" vi1•w,1hl1• ' t I 'II >il(•I 

.6. rwnf1 WJ.!p VI 'it\ 1.nr ,11 Bu' 


Gr.1 phit ' 1\1 t l'I 1,11or t Mil 

.6. 	VfSt\ I 11< ,1 1Bu~ IDr I lard 

DnvP u111roll1-r 
.6. ·I lb-h11 ISA & 

I J2 b1I VL Bu~ Slrns CD-ROM Drive, 16-bit ound Card 
.6. ; Drive• n~1' 

and 2 Speakers to Any ystem, for $198. 
1111/1\l'w/d 11111// ./ t•J•J.t 

486 X/33MHz 

Now$1699 
l\.(ot/el N·IJJ( -1.!0 
Hu<tne s I e.isr • 1,0/Mo11tl1 
.6. 4Mli RAM, Max· 12MB 
.6. llUMll Hard n1sk Drive 
.6. !).'j'" Du,11-Scan Color D1spla 
A I TypL• 111 l'CM IA 101 
.A JS' IJ1skeltl' Driv ' 
"' llb Key K ybo.ircl 
.6. lntegratPd lhmm Trat khall 
.6. fi .h Pouncls, Including B. ttcr\ 
.A Carrying ase 
A MS-DO. (1.2, Window 3. I 
A Borland Offfte <Wordl'ericc1, 

Quallro Pro and f'Madoxl' 
.6. :-Jew 1dekitk' ior Windows 

486DUKTOPSYSTEMS 

ti 486SX/33MHz 

Now$1299 
Model D4JJ5XA 
Business Le,1 e: 546/i'vlonlh 
A 	 128KB L2 Cache. Max: 256KB 
A 4MB RAM, Max: 361'v\B 
A 2 I 2MB Enhanced IDE Caviar 

Hard Disk Drive 
.A 15" FST· I Color Monitor-LR 

(1).6" viewable screen izel 
A VESA Local Bus Graphics 

Accelerator I MB 
A VESA Loca l Bu. IDE Hard 

Drive Controller 
A 5 ISA 101 & .) Drive Ba1·s 

PENTIUM/ PCl's 

• 60MHz PCI 

Now$1899 
Model 01'60/'C/ 

Bu 1ne ·s Lea<e: 68/i'vlonth 

4 	 lniel 60MHz Penlium CPU 
.6. 	 8MB Rt\M, Max: 128MB 
.6. 	 420MB Enhanced IDE Caviar 

Hartl Di>k Drive 
A 	 1)" FST-NI C1Jlor Monilor-LR 

11 i h " \;1(Jw,1hlt? \( lt 1Pll '; l/(' I 

... 	 l'tl C. r<1p h1L' I\(( 1•l>r,1t1H 
tMl! DKAM 

Add a Double- peed Multi ession 

G 486DX2/50MHz 

Now$2999 
f\lodPI N·1 50T-200 
Busilll' ' LC,1'( • I011/Monch 
4 IJMl3 RAM. M,1x. t2MB 
.6. 2Cl0Ml3 Hard Disk Drive 
4 'l .5'' Activr M~1rix TFT Color 

Di<plily 
A I Tvpc· Ill PLM IA 101 
.6. J .5'' Dis~elte Drive 
.A 86·K1!y Keyboard 
.6. ln1egra1ed 16mm Tra khall 
.6. MS-DO 6.2, Windows 1.1 
.6. 6.6 Pound , Including Batl"'Y 
.6. Carry n11 Ca e 

~ 60MHz PCI 

Now$2299 
Model OP60PC/ 

Bu Ille s Lease: 82/Month 

.6. 	 Intel 60MHz P ntium CPU 
.6. 	 8MB RA'vl, Max: 128MB 
A 	 720MB Enhanced IDE Caviar 

Hard Disk Drive 
A 15" FST-NI Color Monitor-LR 

( I l ,,.. v1ew,1hle scrt'en i7c) 
.6. l'U I 1<1111011d Viper GraphllS 

Atn• rr.1mr 2Mli VR;\M 

CD 486DX2/50MHz 

NOW$1369 
Model 5450DX 
Busine Lea e: $49/Month 
.6. 128KB L2 Cache, Max: 256KB 
.6. 4MB RAM, Max: 36MB 
.6. 212MB Enhanced IDE Caviar 

Hard Disk Drive 
A 15" FST-NI Color Monitor-LR 

(13.6'' viewable screen size) 
A VESA Local Bu Graphics 

Accelerator 1MB 
... 2 \/fSA & 1 ISA Slots 
A 3 Drive Bays 

486DX2/66MHz 

Now$1599 
Model D466DXA 
Business Lease: $57/Month 
A 128KB L2 Cache, Max: 256KB 
A 8MB RAM, Max: 36MB 
.6. 212MB Enhanced IDE Caviar 

Hard Disk Drive 
A 15" FST-:\11 Color 1\.1onilor-LR 

(13.6" viewable screen size) 
.A VESA Local Bus Graphics 

Accelerator I MB 
A VESA Local Bu IDE Hard 

Drive Con1roller 
.A 5 ISA Slots & 5 Drive Bays 

CZ 90MHzPCI 

Now$289'J 
Model DP90PCI 
Business Lease: 5103/Month 
A lnrel 90MHz Pentium CPU 
A 8MB RAM, Max: 128MB 
A 720MB Enhanced IDE Caviar 

Hard Disk Orive 
.A Double- peed CD-ROM Drive 
.6. 1S" f T- I olor Monitor-LR 

( 1 ·1.6" viewab le• s r •c11 in·) 

"' P ·1 raph 1cs Ale lerator 
.!MB DRAM 

A k About Our CD 5-Pack 

Special for $79. 


Get configuration , with 
a 9.5-inch dual-scan display 
and 4MB RAM, now for only 

$2199 
Mod I N4 "OC-200 
Busi11e. Lr.a e: 78/Monrh 

CALL TODAY. 

1800-200-3390 
·tftC}.J ,.\M BRA Compvu,., l0lporat1on A..'\16IV\ I'- d trJd1>mJtk ''' IC~ Lid. and tJSt."(I undcf lict'nse tht.>refrom. fht-Ai\\BR<\ logo JNI 

Ingot\ pc ilte 1raclem<Hk) ot A.MBRJ\ romputl'r GHJMH'dlkm Tilt! 1111111 ln~ide i\f){j Pent1u1n Pmces!IOf Logoei 11re r~l<terffi 1rackm1Jrkli 1,f 
lnf(>I Corpor1\tlor\ All ofh\.,. brJrwh .mrl produu nam a1e 1eg1srcrt-d 1raden~rk~. tr.lder11.a1ks or st'f\K.e m.115< of !hen r<'<f.>Kl ive holdc1s. 
l'le.l§e cJ\I IUf clctJ11r, "'~rd1n~ Al\ lBRA''\ mrinl'\ · l >.\1,.~ )."l.UcUAfll('(!. w.manJ) J:nd crcd11term~ Ons11e ~!(.«.)ma) !lCJI l>t! a. \,ulablP in AM BRA 

n'lt.11r1 lex t111on~. OiiC"1 111~.. 10..l\ differ 1n Ca11.1cfa.. Offenngs. prict" al\d p!ndo("' .Hl' "'\•hi~' 111 rh.lngc· \\1thout pr101 nollcc. Prices rio not 111tlud 4uppm8, Return sh1p1>1ng and Ht)ur.lncc 
fl 1i11gl-"- clu.: thl' N ·~purui1hi l 1I) nr lh<.· cus1om~ leilse ba~ nn Jh m<.)l'"ltll"', 11ffr-!'ll'd 1,.., IRi\I ln'!. ! ~1 (Olp Upgrade g,ood ar 1ime0f S)Stern purlhd 'A '-'BRAself·lef.100 with 2M8 Vidro 
ORAM 1h 1n~ I01~\.7li8,.H6. colo1s, ...Otiz lest 1rom l'C. M.:1,1.!JZ•llt', [)f..-c ef1\ht•1 i. 1<1Gl 'i\\.muals on LO. P11n1ed manuals c.m "Je purchd~ from Borltmd and \•VordPeriect. All 
11 1"1111~ : .. 11n CD Rorl.ifld Oli1cc- Ol~'\ \·ff!:ton 1ncll1rle; (,ctting "13nul M.,mual Pr1n1('(J cop11:s at p1oduc1 manuaf.'l car. be puichaK'f1 trnm Hnrlitnrl arm \\'u1dP1>rl111;1.. 
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PowerPC: Cultural 

and Technological 
Perspective 
JON UDELL 

T he PowerPC fami ly of proces, ors has rocketed to prominence atop two 
powerful boo. ters. One is technological . These peedy proce. sors exemplify 

practical RI C design. The other is cultural. The PowerPC has become a light­
ning rod for those weary of fnlcl and Microsoft ' s near-monopoli. tic control of 
desktop computing. Like the revolution it chronicle , Inside the PowerPC Rev­
olution mixe · technology and rebellion. 

On the technological front, there's plenty of engaging and informative dis­
cussion of RISC versus CISC, pipelining, branch prediction, multiple execution 
unit . primary and ·econdary cache architectures, chip fabrication and how 
these ubjccts relate to the PowerPC 60 I and 603. (There' . some coverage of the 
604, which was announced as the book went Lo press.) All this wi ll be useful to 
readers looking for a clear, accessible primer on RISC. 

The author poinL out, for example, that there' · nothing minimali tic about 
RISC. The PowerPC, as i typical of the RISC genre, ha plenty of in tructions, 
some rather complex. There' s nothing "reduced" about RISC. The PowerPC 
merely exemplifies what the authors call "microprocessor new art"- abundant reg­
isters, simplified addressing. lixed-length instructions, specialized xecuti n 
units and pipelining. A solid analysis of Intel' · Pentium shows why it's vul­
nerable. nc t only 10 RI ompctitors like the PowcrP . but also to alternati ve 
80x 6 offerings lik yri 's MI . 

n the cultural l'r n1 . things s mctirn s get heavy-handed. Take th inex pli ­
able lairn that the 80x86 insLru tion s tis 'unfriendly to object-oriented operating 
syst 111 • • " ay wh. t? Th I BM/Applc/M torola allian c has a lot going for it. but 
lo anoint mi rokern I-bas ·d PowerP sy. tern. 1hat IBM and Appl have yet to 
deliver as the ideal platforms f r obj ct compuLing is jusl plain weird. 

fa. cinating surv y of IBM 's previous RT cfforls- the early 80 I project, 
th ill-fated RT. and the R /600 - reveals lessons learned along Lhe way and puts 
1h P wcrP inn hi stori al contc t. Bui the author d n'L place Lhe PowcrP in 
a modem context. There 's no discussion of Mips, Alpha, PAR . PA, or ther 
RI all m:tLives. 

n Appl '. si le of the PowerP coin, that's probably OK. After all , Power 
Ma s did vault Apple. almo. L overnight , to the Lop of the heap f RI. -system 
vendor.. The authors tell Lhis incredible inderella story with relish , des rihing 
Appl · new machine. in d tai l and not ninching from revealing the software com­
promi e that got the product Lo market so quickly. 

On the llip side of the coin though, there's an awful lot f hand waving in sup­
po11 of TBM. With n corroborating evidence, the authors all but proclaim vicL ry 
for PReP (PowerP Re~ rence Platform) sy rems running IBM 's still -embry­
onic Workplace operating y. tern and human-centered user interface, while de­
riding "Bill Gates' Windows NT drivel." This unnecessary antagonism dctra ts 
from an ex cllenL di scussion of the operating-system options for PowerPC syst ms 
and lhe u·ategie. th e pcrating y tern will use to emulate legacy Mac and Win­
dow · software. On balance, though, you' ll learn a lot 
about the his1ory , p lilies, Le hnologie. , and com­ INSIDE111EPOWERPC REVOLUTION 
mercial pro. peels of PowerPC-based sy, tern , and Jeff Duntemann and Ron Pronk 
about RISC in genera l. • Coriolis Group 

ISBN 1-8835n-04-7 

) 0 11 Udell is a BYTE se11ior 1ec/111ical editor al large. You $24.95 
ca11 co111ac1 him <m 1he /11/ernet or BlX al judell@bix.com. 

THAT PERFECT MATCH 

BARRON'S PROFILES OF AMERICAN 
COLLEGES, 19th ed. Laser Resources, Inc., 20020 

South leapwood, Suite F, Carson, CA 907 46, (310) 

324-4444, $49.95 

LOVEJOY'S COLLEGE COUNSELOR lntetMedia 

Interactive Software, Inc., 3624 Marilet St., Suite 302, 

Philadelphia, PA 19104, (215) 387·0448, professional 

version, 5199; student version, SS9 

Y ou quickly learn that there are an awfu l 
lot f schools out there when you SLali 

to search for that "perfect match" for you r 
child. Two hefty resource LOmes, Barron 's 
Profiles ofAmerican Colleges and lcvejoy's 
College Counselor, have been u·ansponed. 
with varying degrees of succe ·s, to CD-ROM. 

Of the two, Lovejoy 's is by far the easiest 
to u e because of it. slicker user interface. 
Above and h yond 1hc standard fa · t~ aboul 
median SAT . cores and degree offerings. 
Lovejoy ' · includes c;irnpus photos and , in 
some case, , hort but mostly inane ra lking­
head videos. (Lovejoy's profc . ional version 
includes aclcli1ional inf' rmation n two-year 
s hools- community, voca1i nul , technical , 
trade, and business- and lets u high ·chool 
guidance oun~elor st re up LO I000 . tuden1 
proliles.) 

The Lovejoy' s dis· let · you search for 
s hools in num'rou way, : alphabeticall y. 
geographically. by atlmi ·sion competiti ve­
ness. by cost, by area. of study , and even by 
. ports (228 colleges and universities across Lhe 

.S. offer lacros. e, a fac1 of utmost impor­
tan e to my college-bound eldest son). 

However, b th D-ROM. on ly scratch the 
·urface in providing helpful informa1ion in 
what mo I studems and parents w uld agree 
i a clirticull, frusu·ating, ubjective, and emo­
1ional proce s. They would be grca1ly im­
proved by opinionated material from sources 
such as U.S. News & World Repor!' s annual 
college guide. I'd like to quickly search for 
those colleges that experts believe give the 
best value for the dollar, have lhe be t dorm 
food, have the lowest reported incidence of 
rape or alcohol abu. e, or have the lowes1 rates 
of locking student. out. of popular ourse . 
Both publi hers say they a.re updating their 
CD-ROMs by 1he end of the year. 

- Rich Friedman 
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Circle 180 on Inquiry Card (Resellers: 181). 

SeeOOSN~ 

in a Whole New IJgtit. 

MultiLink For Windows™ may clearly be the answer 
you're looking for. Employing Microsoft Windows' 
DOS-Box technology, MultiLink For Windows pro­
vides smooth networking of 1 to 32 DO -based user 
con o les (local or remote) in tandem with a Win­
dows-based host computer. And you may see your 
PC investment in a whole new light, too. Put older 
PCs to work as terminal with the .ILWferm pro­
gram included in MLW. With prices starting at just 
$189 for the rwo-user version, MLW is a very bright 
choice indeed. To find out how MultiLink For Win­
dows can help illuminate your DO networking tan­
dards, caU Robertson-Caruso & As. ociate · today at 

(404) 512-0600 or Fax (404) 396-6628. 

MultiLink™ 
For Windows 

------------,
Copy Protection 

on PCMCIA 

Weare 
looking for 

international 
distributors 

ti The ultimate copy protection 
system for PC software 

ti WIBU111·BOX for LPT, COM or 
as card for (E)ISA slots 

and as PCMCIA-Card 

ti Protection for DOS, Windows 
and networks without requiring 

source code modification 

ti Support of DOS, OS/2®, W1n32s, 
Networks and Wlndows™NT 

WIBU-SYSTEMS GmbH In USA and Ganada please contact: 
Rueppurrer Strasse 54 Soulhwmd International Inc. 
D-76137 Ka~sruhe, Germany P. 0. Box 308, Brookeville, MD 20833 
Phone: +49-7211376357 Phone: (301) 570-3497 
FAX: +49-7211377455 FAX: (301) 67()-4773 SYSTEMS 

Books &CD-ROMs 


SECURING YOUR INTERNET 
CONNECTION 
FIREWALLS AND INTERNrT SECURnY: REPELLING THE WILY 
HACKER by William R. Cheswick and Steven M. Bellovin Addison· 

Wesley Professional Computing Series, ISSN 0-201-63357-4, $26.95 

F orge1 The Silence ofthe Lambs. Thi 
Firewalls and 
Intern t~u~ 
RrpnlllnRtheWllyH~ 


is !lie book that wi 11 keep sysrem ad ­

ministrators s leepless and shive ring. 

While it wasn't intended a a compendi­

um of computer-user horror s1orie , once 

you fini. h it, you will never look at th 

sendma i l program in quite the same way 

again . 


This i. an en yclopedia of computer 

cracking via a network. It is neither ex­

hau tive nor sufficiently detailed to be of much use to the would­

be digital criminal of the world (who, a the authors point out, 

have better source of information), but it i invaluable to those 

who want to foil them. Ostensibly, Lhe audience is system ad­

ministrators for Unix ites connected to thelntemet. The focus i 

on Unix. as the mother tongue of the Jntemet. and rhe authors a ­
sume a fair level of Unix litera y. However, much of what they 

have to ay applies to any network. and much more is applicable 

to et Ware, DOS and Window . . 


The ba. is of a safe c nn tion , ace rding Lo the authors, is a 

.firewall, a ·omputcr syst ·m th!ll s its b tween the lnt rn 1 and 

your LAN. acting as an a 1ive gateway to kc p the bad guys 

away from your gm dies. H wev 1', bringing in your network 

c nnc tions 1hrough a . cpa.rate system and calling it a firewall isn·1 

enough. r atin 1 a true fir wall means limiting what tha1 syst m 

will pass a long 10 other syst ms. what an u1 sid ·r can do wilh i1 , 

and how 10 ensure that you can keep track of who is trying LO do 

what. om times rcating a firewall mean. creating a fo >i ' s par­

adise, wh re the cracker. can bask in the dclusi<m they have pcn­

ctrat •d th syst mas th y ar being hunt d down. 


hapter I 0," n -vcning with Berl'crd," includes a de1ailed a ­
ount of a persist nt a11cmpt t era k th AT&T Intern t gateway 


that th authors ar ·responsible for. It sh ws h w a detcm1ined at­

tack proceeded and was defeated. The a count is also a wry om­

mcnL on the nature of modern lnl rnet culture and comruter 

criminals. The era kcrs were a group f Dut h teenager · who 

were beyond lega l r ach, h cause era king wa, not then a crime 

in the cthcrl ands. When the law foiled. someone from AT&T 

called the mother of one of the ring memb rs. The cracking at­

tempts dropped off sharply 


A useful appendix pr vides sources of infonnation on building 

firewalls, netwc rk management and monitoring tool s, auditing 

oft.ware, and cryptographic software. A 20-page bibliography and 


a checkli st of security hole round out the book. 

The book deals with erious busine, , but through it all , the au­


lh rs maintai n a sense of humor. sprinkli.ng the te t with quotes 

from Juvenal to Tolkien LO E. E. ' Doc" mith. • 


- Rick Cook 

Rick Cook writes about compwers b111occasionally 111rns his lza11d to sci­
e11ce jicrio11. You cm1 comacrhim 011 BlX as "rcook." 
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rv (Sh.1n•ll'o1n•) fr1H11 j1•hn /Jr,u//1·1• 

New IESQview/,X v2.0 adds Xtenninal capability and remote romputingpower to your 386 orbetter PCs. 
N Ion rare the be ·tspecializ d Unix program availabl only to 
workstati nusers and those with X11'rminals. 

DE Qvi w/X'" break! down th barri 1 witl1in your enterprise, 
alJowing everyoneaccess to thebest computers for 
ach ta. k- whether 3 6, 4 6, Pcntium111 r 

wor tations like un~ SPARCstations, HP 9 or 
IB RS /6000s- theyare all acce ible to each user. 

DESQview/Xprovidesamultitasking P 
environment with both localand remote XOient 
and X rvercapability.And it allow con urrent 
execution of both DO textand MSWindow 
program ·.Plu it allows these DOS and Window 
programs-unmodified- to beconverted into X 

lients for u byany Xworkstation. 
Its true multi-platform interoperability. 
Each autl1orized PC on the network can run 

programs remotely onany workstation in tl1cn twork. otliere' 
n ver a ompr mise when tl1e taskcalls for mor ·· omputingpower 
than Lh us •r has on hi or herde k.. imilarly, userscantak · 

advantage of fa terP son thenetwork for ta.ks 
that require extra power.And for task5 Lhal mi~1t 
tieup au rs own d' ktop unit- like a longdata 
base ·ort- DE Qview/Xallows users to send the 
taskto anunder-uti lized P (or printer) 
anywhereon tlienetwork. 

Whenyou con ider tl1ata3 6P with as little 
as 4MB RAM and a40MB hard di kcan run 
DESQview/X, pu.rcha ing XWindow terminal is 
no longer economicallypractical. 

DESQview/X: the powerof ente.rpri wide 
computingfrom thepioneer in multitasking. 

Quarterdeck OfficeSystems, 150 PicoBoulevard,Santa Monica, CA 90405 (310) 392-9851 Fax (310) 314-4219 
Quarterdeck international ltd., B.l.M. House, Crofton Terrace, Dun Laoghaire Co. Dublin, Ireland Tel.(353) (1) 284-1444 Fax: (353) (1) 284-4380 

C1994Q..t.U'U1'd«kCM'fictSVSk'tn!i Tr.wkma.ri.sMepropt.'ftyot lhe',,j l'l"Sp«ti\'t'O\lnffl, 
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The TI TravelMat rn family of notebooks offers 
the perfect workmate to increase your productivity. 
Because different kinds of people have very 
clifferent demands, we have created two series-th 
4000E and the 4000M-to meet your individual needs. 

Every member of the TravclMate family features 
a powerful 486 processor-up to 75MHz. Combined 
with monochrome or brilliant color displays, superb 
battery life, and a variety of configurations, you can be 
more productive ven when you're on the go. 

The perfect desktop replacement. 
The 'D:avelMate E Series. 

Looking for the expansion capabilities of a 
desktop coupled with the portability and convenience 

of a notebook? Turn to th TravelMate 4000E 
S ries. Partn r the TravelMate 4000E with Tl's 
Intelligent Docking System and you have the ulti­
mate desktop PC replacement. Just insert any of 
th nine models of TravelMate 4000E not books 
into the Intelligent Docking System, push a button 
and the auto-load mechanism does the r st. When 
you're ready to hit the road, simply click an icon 
and the system saves the files you're working on, 

'I'cavelMate E Series 
• 	 ine 486 models ranging 

from a 25MHz to a ra y 
lntelDX41Mf75 H-Tz 

• 	4rnrn full-travel keyboard 
with a desh.'top feel, Microsoft 
BallPoifltTM mouse with 
QuickPortn' connection 



closes WindowsTM and ejects your TravellVlate 4000E. 
Then you're on your way- that's true desktop 
replacement. 

A new dimension in portable computing. 
The 'fravelMate M Series. 

If you're looking for a notebook computer that 
is multimectia-ready, Tl brings you the new 
TravelMate 4000M Series. From the moment you 

see our TravelMate 4000M, you'll appreciate 
how much performance it packs into its sleek new 
design and conveniently located integrated point­
ing device. 

Add the light-weight, battery/AC-powered 
Portable CD-ROM Docking System and you have 
an integrated portable multimectia system. Now you 
can tap into the growing library of information 
and applications available on CD-ROM. Use the 
Trave!Mate 4000M as an incredibly powerful presenta­
tion tool, training or auditing system and more ­
compl te with sound and full-motion video capability. 

To find out how you can get together with the 
ideal TravelMate, just call 1-800-TI-TEXAS 
(1-800-848-3927). 

'fravelMate M Series 
• Six 486 models ranging from a 

25.MHz to a racy lntelDX4~'175MHz 

• Built-in PCMCIA slot, integrated 
pointing device, SCSI II interface, 
16-bit sound, internal microphone 
and speaker and a 16-bit MIDI port 

¥ Pottable 0-ROM 
o ' king yst m opti n 

;\~U1 a doubl -sp d 
D-R M driv and 

built-in st.cr€'o sp ak rs 

EXTE DI y 

-!/>TEXAS
INSTRUMENTS 
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Bringing oftware into the world is a little 

like bringing up children. You alwa} 

know where they start, but you seldom 

know where they'U end up. These days, 

witl1 illegal use of oftware so common, 

concerned developers have good reason to 

worry about the products of their labor. 

That's where HASP OJ> -The Professional 

Software System, 

come in. 


Like a respon­

sible babysitter, 

HASP accom­

panies your 

software wherever it 

goes. With HASP there, 

your software won't run out of 

control. Without HASP, in fact your 

software won't run at all . 


For developer$, HASP provides the highest 

level of security and reliabi lity. For 

legitimate users, HASP is a friendly and 

transparent solution. Once connected, they 

won't even feel it's there. 


And if your child wants to play with its 
friends, a single etHASP lets it run free 

: around a local area network. But always 
under your supervision and control. 

The HASP family of software protection 
products. Because software developers have 
enough leepless nights already. 

Sln 1984, nearly one million HASP keys 
have enabled thousands of software 
d velopers, in more than 60 countrie , to 
protect their softwa.1 . 

Get eriou about oftware protection. 
To find out why HASP i the fastest 
growing form of software prot ction in the 
industry, ord r your HASP valuation 
package today. 

F4JA1l1llll 
The Profe sional's Choice 
North 	 Aladdln Software Sacurlty Inc 
America 	 111c Empire Slate Building 

350 fif1h A\'enuc, Suite 7204 
Nt>w York,NY 10118, USA 
Tel: (800) 223 42n, 212-564 5678 
fa': 212-56433n 

Intl Office 	 Aladdin Knowledge Systems ltd. 
15 Helt ()lcl St.,Tel A1iv, lsrnel 
P.O.llox 111 41 , Te!Avl\'61 110 
Tel: 972-3-537 5795.Fax:972-3-537 5796 

United Aladdin Knowledge 
Kingdom Systems UK Ltd. 

Tel:0753-622 266, Fax:0753-622 262 
France 	 Aladdin France SA 

Tel: ! 0859885, fax: I 1219056 

member of · :: ~. • Austral~~ Conlab 3 898568; • Czech Alias 2 66ffi<; • Chile Micrologica 2 222 l .~ • De nmark Bcrends.."11 39 5"'7100 
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a ;h!Ullwith 
NetW:ire 
~ltllid. "'ltf tor<>Sl2 



The Last Bastion 


DICK POUNTAIN 

T
he new Mip R8000 chip et 
signals a number of trends 
in processors. First and fore­
mo t, it how the determi­

nation of Silicon Graphics, which ac­
quired Mips in 1992, to take a piece of 
the supercomputer market. Conven­
tional wi dom has thu far held that 
microproce sors can't cut it in super­
computing despite what they've done 
for mainframes and minicomputers. 

The launch of the R8000---<;urrently 
in limited production-i al o further 
onfinnation that th Rf C proce or 

market has matured to a point where 
product need to be differentiated. Ap­
plying every trick in the de ign text­
book and announci ng the world' fa t­
e t CPU i no longer enough; now you 
need to an wer the que tion "Fa te tat 
what?" and then demon trate the prop­
er de ign trade-off to make your an­
wer credible. 

Mip ' an wer is that the R8000 i 
fa te t for technical and cientific com­
puting ta. k involving huge data et The Mips driven by le expen ive R4400 , all ac es ing an 
and lot of floating-point math. The R8000-based departmental compute erver. Mip RSOOO takes i not alone in moving to this high-end/low-end 
nal cache of up to 16 MB in ize and 
R8000' de ign empha ize. an exter­

trategy; the PowerPC group (with the yet-to-ap­microprocessors
with gigabyte-per-second bandwidth, pear 620 at the high end) and Hewlen-Packard (with 

where they have the PA-RISC 7200) are blazing imilar trail . 
that won't fit into on-chip cache. Com­
o it' not intimidated by applications 

never been The Siliconbined with a loosely coupled upersca­
The R8000 chip contain the integer-regi ter file lar floating-point processor, this cache before: Into the 
and multiple execution units, primary caches, and 

formance of 310 SPBCfp92 and 108 
enable the R8000 to claim a peak per­

the branch-prediction unit, while its ister FPU-the 
SPECint92 (fa ter than IBM's Power2 

realm of 
R8010-contain the floating-point regi ter and 

on floating-point operations), or 300 supercomputing two full floating-point execution unit . Both chip 
MFLOPS, which is equivalent to the are fabricated in a 0.5-micron CMOS process op-
performance of the Cray Y-MP. erating at 3.3 V and are de igned to run at 75 MHz 

The co t of thi performance i a four-chip et with over l 000 in the fir t generation. The R8000 and R80l0 are large chip 
pins, high power consumption, and a high price, so you defi­ (17.3 mm by 17.2 mm each), although between them they contain 
nitely won't want to use it in a PDA (per onal digital assistant). only 3.4 million tran istors, wh.ich is fewer than the PowerPC 
But becau e the R8000 i binary-compatible with ex.i ting Mip 604 cram onto a single, much smaller die. Both chips are pack­
chips, you can run a network of Silicon Graphic workstations aged as 595-pin PGAs (pin-grid arrays). continued 
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To build an R8000 ystem, you also 

need a pair of custom dual-ported RAM 
chips, which act as tag RAM for the ex­
ternal cache; thi external cache must be 
built from SSRAM (synchronous tatic 
RAM) chips, which are more expensive 
than ordinary SRAMs. The SSRAMs and 
the huge die will probably make the R8000 
the most expensive microproce sor chip 
set ever built, but the supercomputer mar­
ket is not known for bargain pricing. 

Mlps Goes Superscalar 
The R8000 is a 64-bit super calar proces­
sor that issues up to four instructions per 

R8000 Microarchitecture 

cycle. This is a departure for Mips, which 
was previously the champion of super­
pipelining (i.e., deep pipelines and fast 
clocks) as an alternative to multiple-in­
truction i sue. However, Mips's designers 

realized that their floating-point perfor­
mance goals could be met only by a vector 
processor or by going superscalar, and they 
preferred the latter as a more general-pur­
pose solution. 

The R8000 integer unit contains four 
integer-execution units (see the figure 
"R8000 Microarchitecture") . Three of 
these units-two ALUs and a shifter­
operate in one cycle; the fourth, a multi­

--------------------------------------,

· ~-~ 1 Branch 
1 cache 
' 1-KB entries 
1 Direct map 

Floatlng­
polnt 
queue 

I ,. ­

Instruction cache 
16-KB direct map 

32-byte line 

Instruction buffer 

Integer units Memory units 

Data cache 

16-KB direct map 


32-byte line, two ports 


FPUs 

Four 


stages 


Floating-point 
register file 

32 x 64 bits, 12 ports 

I~tore queue Q 

R8010 

R8000 : 

I ,.. ­
• Two dual-ported SSRAMs 
' AMs 

Global Global 
tag cache 

8-KB lines, 1 to16MB, 
4 x 128-byte lourseta 

subblocka 
Two-way 

Interleaved 

I 

--------------------~-------------! 

I,Load queue Q 

CoMlatlnc of two lotllc 
chlpe 8lld two dual-ported 
RAM chips, the R8000 ha• 
two llllhi!OW1f'811 lloatlna­
palllt pipell- and 
lllOlllh balldwldth to keep 
thell fully atocked with 
laatnlcltiolla and data. The 
exttmal &lobal cache 
muat be Implemented In 
SSRAMI. 

ply/divide unit, is not pipelined and takes 
four to six cycles for a multiply and 21 to 
73 cycles for a divide. There are four par­
allel pipelines within the R8000, each five 
stages deep (i.e., fetch, decode, address 
generate, execute, and write back). Two 
pipelines feed the integer ALUs and two 
are for loads/store , allowing ALU opera­
tion to occur in parallel with data-cache 
accesses. Of the four instructions that the 
R8000 can dispatch each cycle, two are 
integer or load/store operations, and two 
are floating-point operations. 

With this degree of parallel issue, Mips 
had to find a cure for the "load shadow" 

problem of earlier RISC pipeline 
designs: The cycle immediately 
following (and, hence, shadow­
ing) a load instruction can't use 
the result of that load. As with 
branch-delay slots, the compiler 
tries to filJ this dead slot with an 
independent instruction, but no 
compiler can be expected to find 
four such instructions. 

Mips's solution was to place 
the ALU one stage later in the 
pipeline than usual (after address 
generation), which remove the 
load-to-ALU shadow but instead 
introduces an ALU hadow over 
the load addre se : Whenever a 
ba e addre i calcu lated u ing 
an ALU peration, there i a 
one-cycl delay before the ad­
dres can be u ed by a following 
load r tore. Mip consider 
thi a good trade-off for two rea­
ons: becau e load-u e d pen­

dencie occur far more ften 
than compute-load dependen ­
cie and becau e extensions to 
the R8000 instru tion ·et include 
a new regi ter+regi ter addre ­
ing mode for floating-point 
loads/ tores that reduces the need 
to precalculate addre se . 

The integer-unit pipelines in­
corporate everal other tricks to 
increa e internal paralleli. m. For 
hi torical rea on , the Mips in­
truction set requires all branch­

es to be followed by a one-cycle 
delay slot. The R8000 has to re­
tain these delay lot for back­
ward compatibili ty, but it exe­
cute them in parallel with their 
branch instruction. The on-chip 
data cache is dual-ported to 
upport two memory acce es 

per cycle, and it incorporate a 
bypa s o that a tore followed 
by a dependent load can still be 
i ued in parallel. continued 
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A Revolutionary ne"" tool that 


: Fastest editor available for 
huge files. VEDIT.EXE Is only 

: lOOK In size with no overlays. , 
---------------- ­

can edit anything on your disk. 

Edit any file on your disk or the disk sectors directly! 

r.:u~iqu~ ~~lti-~~d~.-~ulti4ile- ~ 
I 

1editor handles any text, data or r-+ " " ..~b~~r~ ~I~ ~p_t~ ~ ~l~a~~e_s·_ _: c 

II 

II 
0 

:Browse or edit disk sectors , II 
1 

A 

1directly. Cut and paste between .---. '/ 
1 

:sectors and normal tiles. : 

:-Edit i~ A.scl1.-H-e;, o~t;1 ~r- - ~ 
I 

: EBCDIC, or any combination ot i----+ 
, modes using a split screen. :
L------------ --- ­
Integrated File Editor and Disk Utility 
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0 00 
II 110 

\) r 1 
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The new VEDIT PLUS 4.1 ls the world's only Integrated file editor 
and disk utility. Not only can it edit any file, it also has the most 
useful and easy-to-use disk/sector editing capabilities ever created. 
You can open the entire disk, or portions thereof, just like a file. All 
ot VEDIT's editing features are then at your fingertips Including 
sophisticated search/replace, translating and block operations. 

For example, while editing a document, you want to insert a prevl· 
ously written paragraph, but you can't remember the filename. With 
VEDIT you simply open the disk and search for something unique in 
that paragraph. When VEDIT finds It, you hlghllght the paragraph just 
like a normal block and copy It to the file you are editing. 

And If the paragraph you need Is on another disk partition, e.g. on a 
UNIX or OS/2 partition, VEDIT can still find It for you. You can view 
the disk contents In hexadecimal or even In ASCII so that It displays 
just like a normal flle with "newlines". 

VEDIT is also designed to be a useful tool for recovering crashed 
disks. You can directly access the partition table, the DOS file­
allocatlon-table and the directory structure. 

The World's Only Universal File Editor 
Only VEDIT can edit, view, patch, search/replace any file you'll ever 
encounter· database (e.g. dBASE .DBF), mainframe, Postscript, .EXE 
and other non·standard files. With Its Incredible speed, It can quickly 
edit 100+ megabyte files that no other editor Is fast enough for. It's 
the favorite of CD-ROM developers. 

c 
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~--- -- -- --------,d i ;,,. : .,_;... :11 1Easy-to-use interface similar to ,-• :••JJ: :1n t'll' ic- H I 
/ f , 11 / ( 1111 :11I ir - ~:: I ~ ~ ;I ........., Microsoft and Borland editors. ' 

Ill Ji, 1n }C 	 .t."i• flt ·<·• I ;.;_t< : I 

:Full mouse support.
----------------' 
~----------- ----,
1Safety features include undo, ,
I 

+---i redo, auto-save, browse-only 1 

:mode and opt. backup files.
----------------J 

File modes support DOS, UNIX and Mac text files, plus data files with 
fixed or variable length records. Display modes include ASCII, 
Hexadecimal, Octal and EBCDIC, or any combination in a split 
screen. Long lines can be scrolled or wrapped. 

A user created translation table can be used for special display 
modes or for translating the file Itself. 

Powerful Macro Language 
VEDIT PLUS's new C-like macro language automates repeated editing 
operations, performs file translations and Is Ideal for "filters". It 
permits "off.the-cuff" macros to be typed In and Immediately 
executed; there Is no compilation. 

The macro language Is so powerful that just a few simple lines can 
do the same work as a tricky 100+ line Cprogram. It can even 
Interface to the hardware and machine language routines. 

Ultimate Programmer's Editor 
VEDIT has every advanced feature programmers expect. Multi-file, 
multi-window editing, search/replace with regular expressions, 
template editing, smart Indenting, parentheses matching and block 
operations by character, line, file or column. The flexible compiler 
support Integrates tools from different vendors. VEDIT also has 
convenient word processing and printing. 

With over 140 configuration parameters and a fully configurable 
keyboard layout with unlimited keystroke macros, you can fine-tune 
VEDIT to your exact needs and personal preferences. 

FREE Full 
Ca 

VEDIT PLUS · DOS single user license: $149; DOS network 5 user 

license: $325; UNIX/XENIX, QNX: $285. Also VEDIT for DOS: $89. 

30-day money back guarantee. 


A fully functional demo of VEDIT PLUS and a shareware VEDIT Jr. are 

available on CompuServe and on our BBS. 

VEDIT Is a registered trademark of Greenview Data Inc. 


Toll Free: 1-800-45-VEDIT (1·800-458-3348) 
Telephone: (313) 996-1300, Fax: (313) 996·1308 
BBS: (313) 996·1304, CompuServe: 71333,3656; GO VEDIT Greenview Data 
Mall: P.O. Box 1586, Ann Arbor, Ml 48106 

Clrcle 75 on Inquiry Card (RESELLERS: 76). 



llillifl 


Aligning Instructions for Multiple Dispatch 
The R1lOOO's instruction buffer is a on the result of A, so the dispatch logic gram counter points to C. 

FiflO (fits~inffirst-out) queue in decides that only instructions A and B Cycle 3: C, D and E are dispatched in 
wbicb each encry is a quadword (i.e., can be issued in ~el (as D must not parallel and are replaced by G and H 
128 bits) containing four instnJctions be issued out of order). (from 1he on-deck registers) and I, which 
1'l8d ftom the insUoction cacbc:. The last Cycle 2: A &Qd B are dispatched for ex­ bypasses the on-deck registers.The emp­
"111')' ju this queue iS ~visible via a ecution, E and Fmove from the on-deck tying of the on-deck registers triggers a 
set offour: 32-bittegisters called the on­ registers to replace them, and the pro- buffer advance on the next cycle. 

Cycle 4: The buffer advances 
other set offour dispatch reg­
ikclc registlm which feed an-

one line and reads four~ 
islas. The laUa'are equivalent Unaligned Dispatching instructions from du! cache. 
to the instruction register of a F and G are dispatched. 
con'VdtitiQnal single-issue mi­

The overall effect of this 
tileckic:Ode logic and the reg­
CJO~ and connect to 

mechanism is· to provide a 
ister file, The figure at rigbt continuoUs stream of'8ligned 

instruodons for execution. 
~ whh individual iD­
#b!JWI-~of !hebuft'er 

Meanwhile. the dispatch-de-­
SftQdion,s Jq)leBeJlted by let­ cision logic has to manipu­
tm-Of*8 aJpbabet. The cy­ late only the four dispatch 
cles am explained below. registers and is notburdened 

with the whole instruction­Cycle 1 Cycle 2 Cycle 3 Cycle 4 
t)clel:JnstrudionCdepends '----~~~~~~~~~~~~~~~~ fetcb pipeline. 

Buffer 

On-Deck 

Dispatch 

Execution 

l ~ l ~ l ~ l ~ I 

A 8 CD 

[&FlA 8 ~ 

TheFPU 
Floating-point instructions are executed 
in the R8010, o the R8000' dispatcher 
puts floating-point operation into a queue 
where they can wait, without holding up 
the integer pipeline , until the R80 10 i 
ready for them. Floating-point operation 
can, therefore. execute ut of order in 
relation to any fo llowing integer in truc­
tion , but the R80 I 0 u es FIFO (fi r t­
in/firs t-out) queues at both input and out­
put to ensure they execute in order among 
themselve . Tbi decoupling of th FPU 
from the integer pipelines improve integer 
performance by hiding not only the delay 
of floating-point execution, but also the 
latency of the external cache pipeline, 
which i mo tly u ed fo r floating-point 
data (more about thi later). 

The down ide of this decoupling is that 
while integer exceptions remain preci e, 
floating-point exceptions become impre­
ci e, being reported as a ynchronous in­
terrupts ome time after the cau ing event. 
You can confine the extent of this lag, at a 
price, by writing code that repeatedly read 
the floating-point tatu regi ter (which 
flushe all pending exception ), or you can 
enter a preci e-exception mode, in which 
the integer pipeline is stalled for the wbole 
duration of a floating-point operation. Thi 
provides backward compatibili ty with ear­
lier Mips CPUs, but at the cost of a large 
hit in integer performance. 

The R80 l 0 contains two identical float­
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ing-point data paths that are completely 
indistinguishable to software. The e data 
path can perform double-precision mul ­
tipl ie add , divide , ·quare root , and 
conver ion , a well a a new, fused mul­
ti ply-add (i.e., mul tiply A by B and then 
add C without intermediate rounding), 
which is especially u eful in image pro­
ces ing and imi lar application . 

lt' the execution of two such multiply­
add. per cycle at 75 MHz that allow Mip. 
to clai m 300-MFLOP peak performance. 
Floating-point compare and move take 
one cycle; multiplie and multiply-adds 
take four cycle and are full y pipelined; 
long operation , . uch as divides and square 
roots, are not pipelined and can take up to 
20 cycle . However, the data paths are ful ­
ly independent, o while one unit i exe­
cuting a long, nonpipelined operation, the 
other can till execute one pipelined op­
eration per cycle. 

Dispatch and Branch Prediction 
A major design goal for the R8000 was to 
achieve superscalar instruction i sue that's 
not critically ensitive to in truction align­
ment. Some super calar RISC proce or 
can i ue in truction in parallel only if 
they' re aligned on 64-bit or 128-bit bound­
arie ; otherwise, the time taken to ali gn 
the in tructions would consume all the 
advantage gained. For example, the DEC 
Alpha can waste up to three cycles when 
brancbing to a nonaligned target. 

So often in the RISC world it' up to 
the compiler (and, hence, the wretched 
compiler writer) to solve this problem by 
padding th in truction tream with NOP 
to achieve the correct alignment. This r ­
duces code den ·ity and can cau e econd­
ary performance lo e by increa ing the 
cache-mi rate. Mip olved thi problem 
by implementing an instruction buffe r 
that cake blocks of instruction fro m the 
cache aligned on 128-bit boundarie and i ­
sues up to four aligned i.n ·truction per cy­
cle into the execution un it . The text box 
''Aligning In tructi ns for Multiple Dis­
patch" explain how the in truction buffer 
does its job. 

To dispatch four in truction per cycle, 
you have to fetch four instruction per cy­
cle, and that make the R8000 very vul ­
nerable to breaks in the in truction tream 
cau ed by program branche .. To reduce 
thi impact, the R8000 ' de igners im­
plemented a dynamic branch-prediction 
scheme. The branch cache hold I -KB en­
trie , and, for the sake of speed and econ­
omy of silicon space, it' direct-mapped, 
allowing il to be phys ically laid out a 
ju t an appendage of the single-ported in­
struction-cache RAM. The branch cache 
employs a 1-bit prediction scheme, which 
ha a rather low accuracy. However, it 
large size of one entry per line (i.e., per 
four instructions) in the in truction cache 
compensates for this by eliminating al ­
mo t all conflict . continued 
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The fetch tage of the integer pipeline 
accesses the branch and instruction caches 
in parallel, reading from the branch cache 
a single prediction bit (i.e., taken/not talc-
en), the in truction-cache index of the 
branch target, and the alignment of both 
the last instruction in the ource block and 
the branch target. These latter two quanti­
ties are used to mask off the unwanted in­
struction from the quadwords that con­
tain the source and target. In the interest of 
space only 10 bits of the instruction-cache 

The Cache Hierarchy 
The biggest problem faced by the R8000's 
de igners wa getting ufficient memory 
bandwidth to keep such a fast floating­
point processor fed . The answer, a u ual, 
lay in the cache architecture. The integer 
R8000 has separate 16-KB on-chip in­
truction and data caches both with a 

32-byte Line size filled from an external 
econdary cache (which Mips call the 

global cache) in two 16-byte chunks. The 
instruction cache is direct-mapped and i 

index are tored in each ~---------~ both virtually addressed 
branch-cache entry; the and tagged. 
remaining high-order bits Mlps needed to achieve Virtual tagging confers 
of the target addres are a bandwidth of over 1 two advantages here. First, 
recovered on the next cy- it dispenses with an in­
cle from the virtual in- GBps from the global struction TLB (translation 
struction-cache tag. This cache; this required look-aside buffer) and the 
scheme assume that all a ociated speed penalty 
predicted branch targets some drastic steps. for TLB misses. Al o, it 
will hit in the instruction mean that the instruction 
cache; con equently, this 
increa es the penalty for instruction-cache 
mi se. 

Because each branch-prediction entry 
is shared among four instruction , the pos­
sibility of cache thra hing arises if two 
branch instructions occur in the same four­
word block (no more than two could occur 
because ofMip 's compulsory branch-de­
lay lots). The an wer co this problem L to 
d ign compiler · that avoid creating such 
mall ba ic bl c (i.e. , bran h clo e 

together. 
Another exten ion to the R8000 in ­

truction et help with thi ta k; the new 
c nditional m ve in truccion can often 
implement I ... THEN ... LSE structures, 
u ing either a ingle bran h r none. or 
example, th in tructi n 

cmove %rl•%r2?%ccl 

ay , "m ve the content of r gi ter r2 int 
rl, but only if condition code cc 1 i et." 
Conditional in truction always execute, 
consuming one cycle even when the move 
doe n' t happen, o they don ' t cau ·e a di ­
continuity in the in truction ·tream . 

Mips claim that, although tbi branch­
prediction cheme i somewhat le effi­
cient than multi bit one , it works uniformly 
with respect to the taken and fall -through 
ca e and for jump-to-register instruction , 
o the ame hardware can predict branch­

e , jump , and subroutine call /return . It 
turn out to be very effective for dynamic 
object-oriented programs that call many 
small procedure (i .e., methods) indirect­
ly via pointers. The code generated by uch 
program i full of jump-to-regi ter in­
struction with invariant targets, which get 
predicted very well. 
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cache's contents need not 
always be a subset of the global cache, o 
the loading of huge floating-point data ets 
into the global cache doe n't have to di ­
place sti.11-u eful instruction . 

The data cache i direct-mapped and 
virtually addressed, but it's physically 
tagged and i used only for integer loads 
and stores. It' dual-ported to support two 
load (or one load and ne t r p r cy­
cle. Unlike the in tru tion ca he, the data 
ca he' cont nt are alway a prop r ·ub­
et f the gl bal cache, with c herency 

maintained by hardwar . All floating-point 
load and store bypa s the on-chip data 
ca h and go dir tty t the off-chip glob­
al cache after they' re translated to phy ical 
addre sin the TLB. 

The global ca he, which can be any­
where from 1 to 16 MB in ize, directly 
feed the R801 O' FPU and act a local 
memory in multipr e or ystems. To re­
duce thra hing problem ( u h a during 
repetitive matrix proce · ing) the global 
ca h i four-way et-associative, with a 
e tor ize configurable to between 32 and 
128 byte . 

To meet its floating-point performance 
target, Mip needed to achieve a band­
width of over I GBp from the gl baJ cache; 
thi required ome dra tic teps. The first 
was to implement the cache in what was 
at design time ( 1990) an exotic new breed 
of memory, the SRAM. Thee chip in­
tegrate input and output register onto the 
chip, o acce i internally pipelined into 
three cycle : addre etup, RAM acce , 
and data output. 

The R8000 global cache i interleaved 
in two banks of 64-bit-wide SSRAM cy­
cling at 10 to 12 nanoseconds, for a total 
bandwidth of 1.2 GBps. This, however, 

does not take into account set associati v­
ity , which, if implemented in the most 
straightforward way (i.e., reading all four 
ets in parallel}, could quadruple the band­

width requirement again. To avoid this 
Mips designed a cu tom four-way-asso­
ciative tag RAM, in which addresses must 
be looked up before the SSRAM are ac­
cessed. 

The end result i a five-stage pipeline 
between the R8000 and the global cache: 
cycle I, addre into tag RAM; cycle 2, 
tag lookup· cycle 3, signal cross from 
tag RAM chip to SSRAM chip; cycle 4 
SSRAM access; and cycle 5 data out to 
the R8000 or R8010. The cost of a miss 
in the on-chip data cache i therefore, sev­
en cycles (five for the pipeline plus two 
loads to fill a line), wb.ile an in truction­
cache mi costs 1 l cycles, as it must al o 
pas through the TLB and branch-predic­
tion cache. 

The main motivation for uncoupling the 
R8000 from it R8010 FPU wa to hide 
thi five-cycle external cache latency from 
integer code. In a rightly coupled de ign 
each floating-point load could cast a 20­
in truction hadow (5 x 4 instructions per 
cycle), whereas in the actual design it casts 
none. 

One problem with interleaved caches 
i that two data reference might attempt 
to ace ss th ame bank during the ame 
cycle. ven th smart t compiler cann t 
alway ~ ee uch conflicts, which threat­
en to halve the available bandwidth by 
tailing ne of the referenc . Mip pro­

vid ·pecial hardwar - n one-entry qu u 
coupled to a cro sbar calJed th address 
bellow- that ha th ability to de! y ne f 
each pair of cache reference to improve 
the chances of the ideal odd-even , odd­
even sequence. 

For example, a pathological qu nee 
uch as odd-odd, v n-even, odd-odd , 

even-even would normally tall on one 
referenc of each pair and run at 50 percent 
effi iency, but the addre bellow delay 
one reference (the one marked with an a. ­
terisk) to yield odd- tall, *odd-even, odd­
even, odd-even, in which only a ingle cy­
cle is lo t. The addre s bellow can re olve 
only local conflicts, however, and it re.lie 
on the compiler to generate a sensible glob­
al mix of odd-even references. 

Cache Coherence 
The R8000 de ign u e a relatively imple 
cheme to maintain consi tency between 

the on-chip content and the global cache's 
content . Fir t, the on-chip integer-data 
cache wa made write-through with re­
pect to the global cache; there i enough 

write bandwidth for the global cache to 
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Cool Computer Upgrades. 

POWER SUPPLIES 

"The premier J>OWer-supply maker" 

John Dvorak, PC Magazine, March 30, l993 

"The only company to go to for apower supply" 

Jerry Pournelle, Byte, April 1993 


ENERGY-SAVING UNITS 
Save juice with our economical Energy-Star power 
upplies. Fully-tested, UL/C AffUV approved. 

STAR205 SLIM/DESKffOWER ............. $79 

ULTRA-QUIET UNITS 
Unrattle your nerveswith 

Noise LEVELS tdbl an ultra-quiet Silencer 

,, ---"'" power supply. Appreciated 
___ ''" by users since 1986 their 

" "% high-efficiency fans and 
" --------- ,.,. low-turbulence circuitry 
POI~,~~" PQWE~rt.v reduce noise up to 84%! 
Amust for home office or 11111/timedia applications. 

ILE CER 205 SLLWBABY ..................... $99 
ILE! CER220DESK!fOWER ............. S109 

SILE ER270DESK!fOWER ............. $169 

HIGH-PERFORMANCE UNITS 

DESK 

pgrade your computer with one ofour premium 
Turbo-Cool power upplies-thechoice of P 
profe sionals. You'll get 50%- 100%more power, 
built-in line conditioning, super-tight regulation 
ultra-dean output, a high-capacity cooling fan, 
UUC AffUV, a3-yearwarranty for 300/400 
model , and a5-year warranty for the450! 1deal 
for high-end workstationsand network fileservers. 
TURBO-COOL 300SLIM/BABY ........... $149 
TURBO-COOL300DESKffOWER ..... $179 
TURBO-COOL400DESKffOWER ..... $219 
TURBO-COOL450DESK!f0WER ..... $329 

MINI-TOWER CASES 

For an easy-to-build 
system, there's nothing 
like our economical 
Personal Mini-Tower 
enclosure. Features: small 
footprint, (3) 5-l/4" bay , 
(4) 3-1/2"bays (2 internal), 
room for 8full cards, and 
aremovable motherboard 
cage for easy assembly. 

Specs: FCC-B, 16.7"L x7.2"W x15.S"H, 16lb . 
PERSONALMINI-TOWER ..................... $79 

For aprofessional, 
heavy-duty,USA-made 
enclosure, choose our new 
Commercial Mini-Tower. 
Features: (5) 5-1/4" bays, 
takes ababyor full-size 
motherboard, and has a 
removable drive cage for 
easy assembly. 

peed' C-B, 16.2"Lx .S"Wx 15.6"11 ,2 llbs. 
OMMERCIALMINJ-TOWER ........... $169 


REDUNDA1\1T PO\iVER 
Eliminate the risk of network downtime or data loss 
due co powersupply fai lure 11~th theTwinPower 800 
redundant power sy rem. It de.liver high-capacity, 
fault-tolerant power to your entire ncrwork server. 
Con ists of two para ll el ~ 1-
Turbo-Cool 400 power 
supplies and a spedal 
power-management 
interface. Amust for 
111isrio11 crifi(ll/ LANs. 
• 00 watt peak power 
• JOOX more reliable 

than asingle-unit 
Optilil!Jll all sttt4 US-madt

• Ioad- Iiaring design Mansur Cut fwr1ra 

• hot-swapcapability (18))-1/4' boys, 'P"" for 1Mlh. 

TWIN-POWERSOO ................................ $795 
TWIN-POWER900 ................................ $995 
OPTIONALMONSTERCASE .............. $795 

OVER-TEMP ALARMS 

Don't let PC fan fa ilurecost 
you your system! In tall our 
110 TwinAlert co detect 
overheating-before 
damage occurs. At 
l 10°F, you'll 
get aloud audible 
alarm and asignal for 
optional network monitoring. And, if thecomputer 
is unattended and thetemperature continues to 
rise to adangerous I18°F the TwinAlert will 
save your machine by automatically shutting-off 
its power!The 110 TwinAlert is compact, easy 
to install, and compatible with any computer. 
llOALERT (audible alarm only) ................ $19 
110 TWINALERT (all features) ................ $39 

CPU COOLERS 

ft's a fact. 486 chips run hot, often exceeding l 85°F! 
ow, you cancoolyour486 to a afe 85°-95°1' with 

our popular CPU-Cool. Consists of a long-life 
ball-bearing mini-fan inside a die-cast heat sink 
that easily mounts on theCPU. Powered by a spare 
drive connector. Effective, inexpensive insurance! 
• cools CPU 70° - l00°F "'" ,,0 ,r.., rfl 
• prevents system error ,,.. 
• add years to CPU life :: 
• thinner,quieter, and ,,,,. 

better-built than cheap
d

importe imitations. 
·: 

• safe, simple in taUation ~~.\\:. c~:O.. 
CPU-COOL (486s) .................................... $24 
PENTACOOL-54 (90/lOOPE TIUMs) .... $24 
PENTACOOL (60/66 PENTIUMs) ........... $29 

/Ill /lllWER ~ llllllllllli, 11111. 
5995 Avenida Encinas, Carlsbad, CA 92008 • (619) 931-5700 • (800) 722-6555 • Fax (619) 931-6988 

We 2crep1 \fisa, MC. COD, or PO on approved credit. Warr.ml)•period: 5-years for TwinPowcr and Turbo.Cool qso.)·years for Turlx>-Cool (ctttpt 450). l-ycars for all others (except 110 Alert). 

Hours: a.m. - 5pm.(P'I) Mon. - Fri. Silencer, Turbo-Cool, Tll'inl'o•·cr, CPU·Cool, Pcm2Cool, and 110 Alert arc 1111demarks or re~stmd tr:1dcmarks of PC Power & Cooling, Inc. ©1994 PC Power & Cooling, Inc. 
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Call and Ask 
About Our 
Competitive 
Upgrade Offer 
Or to Receive a 
FREE Brochure 
and Demo Disk! 

~ .\IlKTiL·Jn '-.11ull Hu....,illL'"" Cc >111ptllL'I" 

Lil ()nl' .\11K·1icm \\J\ ·. P1Y<>r. <)I\. - 1)()1 
. . . -------= 

Get More 

Flash for 

Your Cash! 


According to an independent 
study supported by the United 
States Department of 
Education, DesignCAD 3D beat 
all other PC based, high-end, 
solid modeling programs in 
nine ma~r categories! 
DesignCAD 3D comes fully 
equipped with its own pro· 
gromming language. This 

allows you to customize your copy of DesignCAD 
with specffic commands you need. 
With DesignCAO, you don't hove to purchase any 
expensive add-ons. It is all included! Every draw­
ing in this ad was drown using DesignCAD 3D, 
straight out of 1he box! Here ore just afew of the 
features you get with DesignCAD 3D: 

·&xmi~ •Ii&tnRtmMi 
•ffrrQ ~ •5'ffxtttl 10,. 

MtlJ Texlrm fanrJts 

Don't hesitate! ~ you need professional 3D CAD 
power, Des~nCAD 3D has the tools you wont at a 
price you con afford! Order your copy TODAY! 

Phone(918 55 
Fax (918)825-6359 
BBS# (918)825-4878 Q'v.ftill'Y~

CJlll 

IOm!itj 

absorb write-through at fuU speed with­
out buffering. This reduces the amount of 
chip logic and al o simplifies multipro­
ce · or upport, ince you can invaJjdate a 
data-cache Line at any time with no pend­
ing write-backs to worry about. 

Integer-cache write-through can po­
tentially steal bandwidth that is needed 
for floating-point loads and store , but 
Mip claim thi is seldom a problem with 
real-world code. The global cache itself is 
write-back and u e a nooping protocol to 
support multiprocessor buses. 

Thi split-1evel cache poses a special 
problem of con isteocy between integer 
and floating-point data. Suppo e, for ex­
ample, that location A is first written by an 
integer operation in both cache and then 
rewritten by a floating-point operation in 
the global cache only; a ubsequent integer 
load would fetch tale data from the on­
chip cache. Simply invalidating the on­
chip cache line whenever a floating-point 
store occurs wou ld provide a cure, but at 
the cost of causing evere cache thra hiog 
during the proce ing of data tructures 
that contain both floating-point and inte­
ger data withill the same cache line. Thi 
i quite common, e pecially in graphics ap­
plication . 

In tead, Mips employed an invalidation 
s heme who e granularity is finer than a 
whole cache line. v ry 2-bit word in the 
on-chip integer-data cache ha. a valid bil 
attached. In a newly filled cache line, all 
Lhesc bits are set, bu t a lloating-p int st re 
to the global ca he au es the corr ·pond­
ing bits in the n-chip ache to b cleared. 
lnreger l r f 32 or 64 bit! set their cor­
rc ponding valid bits, while integer stor s 
of smaller ·iz (e.g., bytes) and integer 
load, cause a ca ·h mi.. if the appropriate 
bit is not set. 

Like the Hew! tt-Packard PA- RT 
7200 Twr te about la. t month (see "A Dif­
ferent Kind f RI ," August BYT , the 
Mip R8000 de ign is evidence that Rl 
designer. are looking beyond benchmark 
p rf rmance to the difficult real -world 
computing pr blem that are, at present, 
fodder for supercomputers. The R8000 
lo k · like it' set to be the floatin g-point 
performance winner for a while, but it' 
hard for me to halce off the nagging feel­
ing that the multichip implementation 
rai e some of the very problem it olves 
and that in the future we will see the R8000 
chip et hrunk down lo a ingle die, ju t as 
the IBM RS/6000 hrank to become the 
PowerPC. • 

Dick Pow11ai11 is a BYTE co11trib111ing edit0r based 
in Lo11do11. You can reach him on the lntemet or 
B!X m dickp@bix.com. 

154 BYTE SEPT MBER 1994 Clrcle 65 on Inquiry Card (RESELLERS: 66) . 

I 

mailto:dickp@bix.com


--
ENTERPRISE PRINTERS 


Simultaneous High-Volume Printing 

for IBM® Systems and PC Nehvorks 


Model Speed 
LPM

1 
Workload 
Pgs/Month 

Accoustics 
dB(A) 

Bar Code &Graphics 
Language Compatibility 

Connectivity 

MT350 112-225• 18,000 55 16 Resident Bar Codes 
(Including POSTNET) 

PC/LAN/Midrange/Mainframe 
Pa rallel &Serial (Auto-switching) 
Opt.:Twinax/Coax &Parallel 

MT360 150 ­300* 22,400 55 16 Resident Bar Codes 
(Including POSTNET) 

PC/LAN/Midrange/Mainframe 
Parallel &Serial (Auto-swilching) 
Opt. :Twlnax/Coax &Parallel 

MT645 450 80,000 55 . 60 
TALLY9 IG'*IPOSTNET 
/PGL*** or OM CODEV™.... 
(Optional IBM 111 IPOS) 

PC/LAN/Midrange/Mainframe 
Parallel &Serial (Auto-switching) 
Opt. :Twinax/Coax &Parallel 

MT661 800 145,000 55 ­ 60 
TALLY IG/POSTNET 
/PGL or OMS CODE V 
(Optional IBM IPDS) 

PC/LAN/Midrange/Mainframe 
Parallel &Serial (Auto-switching) 
Opt.:Twinax/Coax &Parallel 

MT691 1,400 250,000 55 
TALLY IG/POSTNET 
/PGL and OMS CODE V 
(Optional IBM IPDS) 

PC/LANIMidrange/Mainframe 
Parallel &Serial (Auto-switching) 
Opt.:Twinax/Coax &Parallel 

T6082 900 160,000 50 
TALLY IG/POSTNET 
IPGL and OMS CODE V 
(Optional IBM IPDS) 

PC/LAN/Midrange/Mainframe 
Parallel &Serial (Auto­swilching) 
Opt.: Twinax/Coax &Parallel 

T6092 1,400 250,000 52 
TALLY IG/POSTNET 
/PGL and OMS CODE V 
(Optional IBM IPDS) 

PC/LAN/Midrange/Mainframe 
Parallel &Serial (Auto-switching) 
Opt.: Twinax/Coax &Parallel 

1 Lines Per Minute ·varies With Line Length·· Telly Industrial Graphics ... Printronix~ Graphics Language .... OMS CODE VVersion 2 

MANNESMANNFor Further Information Call: 
1-800-843-1347 Ext: 62 Tally 

Kent, Washington All listed trademarks are trademarks or registered trademarks or their respective companies. 
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~ere are three types of computer1~~ers: those who have lost data due 
to a power problem, those who are going 
to, and those who have protected them­
selves against the inevitable surge, black­
out or brownout with the most reliable 
UPS they can buy: Back-UPS by APC. Io 
fact, editors and users alike agree that if 
your system demands absolute reliability, 
you can depend on APC Back-UPS. 

According to a scudy by Bell Labs, 
undervoltages represent the overwhelming 
majority of power problems likely to hit 
your computer. The question is not if a 

APC Voted "!1ost reliable !>Y 3-t~!___ 

Tripp­ 111 a rece11t poll by PC 
Magazine's MagNet, 
APG was voted the Best- most reliable UPS 
mant1facturer by a 3­
to-1 margin. That's 
dependability that will 
see yo11 though years of 
unmatched power 
protectio11. 

failure will occur, but when. Whether due to 
construction, wiring, weather, other office 
equipment, or accidents, power problems 
are as inevitable as death and taxes. That's 
why you need instantaneous battery backup 

power from the Back-UPS to prevent 
data loss, hard disk crashes, and hard­

ware damage. 
If you're concerned about 

lightning, rest assured that 
when measured using the 

ANSI/I EE587 at­
egory Are twave, 

Back-UPS are 
superior ro 

Back-UPS I 

4 0 0 

0 1994, APC. Sack-·UPS, PowerChutc are tradcmnrks of APC. Other trademarks arc the property of their owners. Sp«s subject to chartgc: without notice. 
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APC EUROPE 
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"All other brands of UPS die reg11/arly in this 
lightning prone environment. My APC 1uon't 
die!" said Patil Sisilli, ystems Analyst, City of 
Port St. L11cie. " With other brands, users don't 
find out until it is too late. The power 
interr11ptions here are very hard to live with. 
The other brands are dying off Typically they 
last iust beyond their warranty period. My 
Back-UPS is going 0 11 three years...110 other 
brand is as reliable." 

virtually all eparare surge suppressors. 
Surge performance is even backed by a 
$2 ,000 Lifetime uipmcnr Protection 

uaranrec. 
If you 're protecting a network . erver, a 

communication inrerfa e port (on model 
Back-UPS 400 and higher) provid s the 
security of an automatic ·hurdown to all 
major in luding erWare, Window , 
WindowsNT, LA erver LAN Manager, 
LA ta ric,S Unix, S/2, Banya nVines 
Apple hare/ ystem7andmore,soyo urdat.a 
issafcwhcrh rrhe ystem i. arrcnded mot. 
(PowerChute software and int ·rface kit 
sold epararely.) 

And since data proce ed
MADE IN on networked client need 

protection too, the $139 
Ba k-UP 250 provide an 

Back-UPS (R to L) Application Sugg. list 

250 LAN nodes, internet hardware, POS $139 
400 Desktop 486, 386 systems, servers $229 
450 Tower 486, 386 systems, servers $279 
600 Heavily configured systems. CMJ/ 

CAM workstations $399 
900 Multiple systems, longer runtime $599 

applications 
1250 Multiple systems, LAN hubs. 

small minis, telecom equipment $799 

Don Traux knows first hand about Back-UPS 
reliability: "It ought to be against the law to 
buy a computer without an APC Back-UPS 
250. 1 recently had a direct lightning hit right 
outside the ho11se... my computer never blinked. 
Each morning I get a surge do1u11 the line and 
both APC's hate it - they sim11/taneo11sly 'holler 
'11 clamp' while my 'Brand T' q11ietly sleeps in. 
I've relegated rhat u11it to 11011-critical 
household stuff like my VCR." 

More than ...• rt. • 

~1I1I1~1I1I1J 

Satisfied Users 

Ar has WO ii 111orc a111ards for (Jcrfllrma111:c 
and reliability than all otl111r UI S vendors 
co111hi11i:d... i11clr11li11K(n11r c:o11Sec11tivc LA 1 
Times Readers Choice awards .. . 

e onomical olucion for all your I.A work­
tarion . 

Di covering how c sential Ba k-UP 
protection i can be hard ... if you wait for 
the next storm to roll through. Bur dis ov­
ering how affora ble it has become i easy... 

all today and find our (the easy way) 
wh}' more than 1,000,000 ati fied users 
bank on Ba k-UP from AP . With more 

a ward s cha n a11 or her 
brand combi ned, field ­
proven reliability,and a Lwo 
yea r warranry, Back-UPS 
are power protection you 
can pu.rchase with confi­
dence. 

800-800-4APC 
(+33i 6~6l5900 I ASl.-1/PACJFIC fAX ' 401 ·789·1631 I 

L AMERI CA FhX, 401 ·789-9nl I C.1mpusmc' GO Al'CSUPPORT 

Dept. A2
Circle 287 on Inquiry Card. 

Andrew Wargo, Manager at Baxter Land 
Company, tried lwo other brands before Back­
UPS. "One lasted a few days, a second one 
went up in smoke after 48 hot1rs, a third lasted 
less tha11 24 ho11rs! I then bought my Back­
UPS for less than-half of what I had paid for 
the others. We've p11rchased three more 13ack­
V PS and for the past 14 months they've been 
just hmnmin' away on lhe same power line that 
was eating the other brands alive! " 

AWARD-WINNING FEATURES 
lnsta11ta11eo11s backllp power beats 
blarko11t.s and brow11011ts 

Um11atcbed lightning (tested to LJJ,l44 Y) 
and surge protection for maximum 
hardware safety 

Network-grade line co11ditio11i11g and E.Mll 
RF/ filters pruvl!11t glitc/1es 

LAN foterface (011 Uack-Ul'S 400 and up) 
provides automatic sl111tdown to al/ major 

S: Windows, NT, Net Ware, LAN Server, 
LAN Ma11ager, LANtastic,U11ix, OS/2, 
Vinos, AppfeSharel ystem7 and more. 

Site dia1I'1ostics a11tomatically spot missing 
gro1111d and n'Vcrscd polarity, two common 
miswiri11gs which usually require an 
electrician's visit to diag11 sc. 

ptio11 switches allow yo11 to customit.I! 
tran fer voltage and alarm settings. 

Test Switch for ongoing peaca of mind 

2 year 1varra11ty and (111/ safety approvals 

$25,000 Lifetime Eq11ipm1mt Protection 



Object EasyPower Builder. 
. • Inheritance, 

polymorphism, and 
encapsul:irioaNow 1n a handy desktop s 1 z e. • Class libraries 

Powersoft™ already has the 

best team application development 

co I in th<: business. Th · industrial-

strength Power Builder" Emcrprisc. 

ow we've brought the brawn of this widely acceprcd, 

:iward-winning success to xBase and de ktop developer · 

with PowerBuildcr Desktop. 

Better yet, we've done it in the first package that 

combines, client/server architecture with object-oriented 

programming. The result is the industry's mos t powerful, 

graphical desktop dcvelopmenr tool available. 

What's more, you'll always find a smooth ride down 

che applicarion devclopmenc road. We've paved it with 

innovative programs including automated technical 

support, ccnific:nion cour·s s,. nd access to a va ·t 

network of PowcrBuilder Desktop developers like y ur­

self through ompu crve~ user groups, and m re. And 

Powerl3uildcr Desktop pr vidc a scrong foundation 

for full-featured te:im development by simply adding 

our robust compani n product , which arc listed in 

the column on the right. 

o if you're sea rching for a client/server application 

deve lopment cool thar's pr vcn, scalable, affordable 

($249 '!· ), and will fit on your desktop, look no furth er 

than PowerBuild er Desktop. Find it at CompU A, 

Egghead, and Micro emer. Or call Powersofc 

at 1-800-395-3525. Powersolt... 
Building on the power of people. 

• Custom controls 
• V BX conrrols 

SQL Sm a rr 'x 
• Intei;rated darab:ise 

admmistrator and 
dictionary 

• Bui.It-in 32-bit 
Watcom'" SQL 

• Intelligent 
OataWindow'" object 

• Suppons popular 
desktop databases 

Deve loper 
Des igned 
• Rapid iterative 

development 
• Complete \~mdows• 

3. 1 support 

•Full MDI support 
• OLE, DOE and DLL 

support 
• Configurable toolbars 
• Extensive on-line help 

• Integrated debugger 
• Robust PowerScript'" 

la11gua1>e-with hundred 
of exten iblc functions 

• Royalty-free deploymenc 
(deployment kit free 
with registration) 

Tool s f o r 
eat a bl e Tea m 

D e v e l pm c n t 
• Upgrade seamless ly 

to our enterprise-wide 
clicnt/sorvcr nvironmcm 
wich PowerBuilder 
companion products. 

• PowcrBuildcr 
Team/ DB Kit 

• PowerBuildcr Enhan 	eel 
Database Kit 

• PowerBuildcr 
Applirnion Library 

• PowcrBuildcr Developer 
Toolkit 

D a t a b n ~s 

upp o rt e d 
• Broad Connectivity ­

In addition to Watcom 
SOL. accc s 1he dalllb:uts 
below using the drivers 
included:~ 

• d13asc m. IV 
• Fox Pro 1.x 2.x 

• Microsoft Access 

• Micro oft Excel 
• Paradox 3.x, 4.x 
• Brricvc 5.x, 6.x 

• A CTI 
• Clipper 'ummer 87,5.x 

• Ne;Ware QL 

•Packag• includes 

Microroft'" and Q+E •• 

drivers 


Powcrsoft Corporation, 561 Virginia Road, oncord, MA 01742-2732. Power oft f.uropc Ltd., Thames House. I Bell Street, 
Maidenhead, Berkshire, L6 !BU, United Kingdom. '' lmroduc1ory price for a limited time onl)'· Prices lisied do nm include sales iax, 

shipping and handling. All trademark> Jnd registered tradem•rks arc property of their respective owners. 
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Data over Cellular 


.JOHN BRYAN 

T 
he cellular-phone network 
wa built with voice com­
munication in mind. Thus, 
the tran smi ion glitche 

and pau. es cau ed by handoffs are 
merely an annoyance. because the hu­
man brain i great at inferring what it 
doesn' t actually hear. 

The explosion in portable comput­
ing. however. has created an explo ion 
of interest in wireless data commu11i­
cati on- parti cularl y in cellul ar data 
communication. because llular i. th 
mo. t popular and access ible form of 
wireless communication now available. 
The problem is that the 111 •r • annoy­
am;cs that plague vo ice tran. mi ss ion 
over cellular w·e anathema to data com­
muni cation . Dropped or mi ss ing hit s 
or bytes au. c retri es or, in the worst 
casc, a lost co nn ec tion . 

ellular transmiss ion is n circuit ­
swit checl 1c hn ology . In it. c llul ar 
tra n. eivcr:-. swiich bc1wcen frequen­
cies to avoid im rf'crencc as n ·w calls 
come on 1he air or simply to •\ ·quire a 
better signal -to-noise ra ti o on a 1ra ns­
mi ss ion channe l. Because the tran s­
mission i. wireles. , it i ·u!.cep1iblc to 
all type, f atmospheric condit ions, 
emissions, and clectroni · intcrfer nee. 
The act of witching itse lf als pro­
du ·e. a momentary cessati n of the 
transmis ion signal which interrupts 
the data stream. 

Last year, AT ' T Paradync ( Largo, 
FL), a data and communications tech-

Enhanced 

Throughput Cellular 

makes you forget 

that your data is 

riding on an analog 

connection 

Modem Standards 
Modem standard . are numerou s. and they 
com with confusing names and nu mb ·ring 
s heme . The LTU-T , which recently re­
placed the ITT. ct. the V.xx standard .. 
Th IT -T i le atcd in France, so its des­
ignations, like tho. c or the ITT, are French. 
The .. bi s" des ignation. for example, mean. 
..set:ond ." as in the second iierati n ofa stan­
dard. Thus. V .22 is the original 1200-bps stan ­
d a rel. while V.22bis is 2400 bp -. V.32 covers 

nology firm , inu·odu eel ET ( Enhanced Throughput ellular) as ..J.800 and 9600 bps. V. 2bis adds 7200 bps, 12 Kbp , 14.4 Kbps 

a mean. of . olving not only data-continuity problems, but speed, and some fas t rnte-ncgotialion parameters to th speed switching. 

error-correcti on, reliability and call . clllp, and handshaking issues In par1icular. if either modem . pecif'ie a transmission . peed. 1he 

a well. Other protocols (e.g .. M P level 10 and V.42 error cor­ connecti on must ma intain that speed or disconnect. 

recti on) deal with these i. sues, but none a comprehensively a. Y.42 is an error-correction protocol bw eel on LAP-M (Link Ac­

ETC. With more than a dozen cellular providers. uppo11ing ET . ee .. Procedure-Modem). which in rum i. basica lly HDL (high­

it is quickly becoming a checkoff item for ce llular data com mu- lcvcl data- link control), the ori ginal bit-ori ented :ynchronou 

ni cation . link-layer protocol used in data connections. MNP level 10 is 
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How Wireless Cellular Works 
Cell site 

ETC, 
MNP level 10 

I V.42/ 
V.32bis 

(de facto protocol 
standards for 
cellular data) 

(industry­
standard 
protocols) 

Cellular phone with 
data interface 

ETC/MNP level 10 
modem computing devit::e 

Mobile professional 

V.42/ 
V.32bis 
modems 

V.42/ 
V.32bis ...._ 

modems 

Front-end 
processor 

Host 
computer 

Third part ies Corporate mainframe 

For the greater part of Its Journey, a data packet sent by way of cellular uses the public switched-telephone network. The only compon nts that require wireless capabllltlos are 
the mobile system ond the cellular switching office, where the wireless-wired modem pairs reside. 

another error-correcti on sch ' me. I t 's a cl 
fa to slam.lard , w id ly us d but not f r­
mnli rcd by a omrniuec. 

ellular mmunicmi on is organized 
on OS!' s s vcn- laycr network model. 
ET 's big adv·111tag o er protocol. l ike 
MNP leve l 10 and Y .42 i. tha1 it operate. 
on b th layer I ( i .e.. the phys ical lay ·r ) 
and layer 2 (i .e .• th link layer). Th..: phys ­
ical layer is largely concerned wi th how 
the data is modulated for transmission. To­
day's mod ·ms use simultane u. ampli ­
tude and FM. The link layer is where hand­
shaking and error control arc handled. 

To rea lize all the benefi ts of ET • a mo­
dem that support. both V .32bis and V .42 
is required. V . 2bis is used b cause it han­
dks the handshake set:up between modems. 
and it is easier and fa ter to take advan­
tage of the handshake than lo dupli cate the 
effort. A . the handshake takes place. the 
sending modem determines if ET is up­
poned by the m dem on the receiving end. 
I f it is supported by both modems, they 
work together to determine the hi ghest 
data Iran. fer ra te the circuit is li ke ly to 
support . Onl y after thi . ha been estab­
1 is heel do you get a connect message. 

Y .42 is put to similar use. landard irn­
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plcrnent.ati ns r it r ·quire lh . nding mo­
dem to r p at all frumes tran. miuc I after 
n fla wed frame is r c ived, regardless o f 
wh 1h r subsequ 111 fram s ar ·en-or- free. 
( Thi s L als th ase with M P level 10.) 

n averuge, a mod •m will have received 
two additional frame. by th time a rc­
transmi. sion requesl reaehe. the ori ginat ­
ing modem. Thus, all three fram s would 
need to be rctransmiued. However. ET 
uses Y .42 ' s . electi ve rej Cl feature and re­
quires lhe retransmi ssion of only frames 
w ith error. . 

ETC Enhancements 

Bes ides working with ex isting prot.o ols, 


T brings many improvements LO the 
table. One of the piimary benefiL~ is T rans­
m it -L evcl ontro l. 1ypica l ( i .e.. non­
ET ) modem'. amplitud modulation may 
often exceed the cellular channel 's l rans­
mis. ion capabilities. This result. in a con­
di1ion called clippinR. a harmonic distor­
tion that damage the signal. 

Y. 32bi ·-compli ant ce llular modems 
have a !lat-frequency response, but 1he cel­
lular network gi ves the frequencie from 
600 l.O 3000 Hz, the ordinary vocal range. 
a 6-clec ibel boost. ET C deempha ize the 

same bandw idth area by 6 dB. which re­
sults in 111 r onsistcnt data transmission. 
The thcor and the effect arc similar to 1hc 
l'unc1ion of D lby noi. c reduction in stereo 
tape rccor ling and pluybuck equipment. 

ETC also monitors the cellular ·hannel. 
A1110-m 1i11ft is a technology thm works in 
on j unction w ith th V . 2bis standard LO 

measure di srupti c phenomena, like har­
monic dislo1tion, pha. c j iucr. and signal-! >­
noise ra ti o . . The mca. ured fi gures arc 
translated into a cumulati ve..: ahsolute m11n­
bcr, which i. compared to a table of ac­
ceptable leve ls for any given transmis. ion 
speed. 

While Y .32bi. supports speeds of 4800 
I ps Lo 14.4 Kbps. ET will let the modem 
drop even lower, to the V .22 standard of 
1200 bp~ . ET sk ips the V .22bis 2400­
bps standard . because a qui rk in the mod­
ulation algorithm cau. e. it lO y ield worse 
results than Y .32bis at 4800 bps. Aul.o­
ratin g is capable of adjusting th trans­
mi sion speed, in certain cases, as often 
as e cry 5 econds, although a more real ­
istic number is about every 15 • econds. 
This reduce. the risk of dropped calls while 
simuhaneou. ly taking advantage of the 
fastest possible transmission rate . The net 
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Modem Pools 

One of the tangential benefits of ETC 

(Enhanced Throughput Cellular) design Is 

that It works, albeit not at its best, when 

present in only one-half of a rnodem-to­

modem connection. This is the theory be­

hind a relatively new concept called mo­

dem pools. One of the reasons that so 

many cellular carriers are endorsing ETC 

is that it makes their services look that 

much better, but they're not stopping with 

appearance. 

A modern pool is an array of modems, 

maintained bY the cellular carrier, that 
provide error correction and signal-relia­

bility enhancement without active partici­

pation or investment from the end user. 

The primary modem at the carrier accepts 

the mobile call and applies the appropnate 

error-correction technology (e.g., TX-Cell, 

MNP level 10, or ETC). The data is trans• 

lated (if necessary) to a landline-based 

error-correction protocol (e.g., MNP level 2 
or V.42) and Is switc.hed to a second rno­

dem back-to-back with the primary rno­

dem. The second modem switches the 

effect· f thi. proto ·ol is th 'fficient u. e lf' 
air time. which is the expensive comp ­
nenl of llular comm uni ation. 

T also break. up data to b sent into 
smaller frames than most error-corre ting 
protoco ls. ET frames arc 2 by tes in 
length , one-quarter the tandan.1 V.42 set­
ting. ( There i. a modem command that 
enables th manual selection of ·mailer 
frame sizes. but who has ever used it? 

sing smaller fram : has two po. itive r ­
suits in err r corre lion. First, frame. that 
the re eiv ing modem determine need re­
placing are smaller and can be sen t in Jes · 
time than their larger predece sors. Sec­

nd, a modem can send more frames be­
fore receiving an acknowledgment from 
the recei ving device. 

Thi i another lime avi ng de ice. The 
tran. mil/a knowledge cycle take. time to 
omplete over the length of the ce llular 

circuit, and while it i tran. piring. no data 
can be tran mitted. Even though 15 32­
byte frames represent about half the data of 
seven 128-byte frame:, the net re ult of a 
longer tran smission wind w i more data 
ent. 

Finally, ETC increa. e. the number of 
retrie. a modem will make when attempt­
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call to landlines and on to the ~all desti­

natior:i. The user sees only the results 

which, with ETC, are good. 

Primary Access (San Diego, CA) Is the 

supplier of modem-pool hardware and soft­

ware to the cellular industry. Primary's 

product Is a single digital platform sup­

porting many pairs of back-to-back 

modems. The modems themselves are 

DSP (digital signal processor) systems 

that a~e confjgurable via software. These 

platforms are lnterfaeed on T1 lines that 

provide 24 channels and a cumulative 

bandwidth of i.5 Mbps. 

One of the carriers using this technol­

ogy is NYNEX Mobile Communications (Or­

angeburg, NY). The company selected ETC 

because it delivers increased reliability 

for NYNEX services. It also increases the 

throughput of all data calls, resulting in 

increased customer satisfaction. Installing 

ETC in the network relieves corporate cus­

tomers from the responsibility and cost 

of replacing or upgrading all their modems. 

Finally, It gives the end user point-to-mu!­

ing to . end a frame wi th ·rrors. urrcntly. 
standard m dcms will retry about eight 
lime. before breaking th onnection. TC 
makes 20 alt mpts. which r sui ts in a sig­
nificant perc nlagc in lhe percentage or 
maintained call s. 

Deploying ETC 
ET will provide improvemcn1 when pres­
ent in only a . ingle mod m in a connection. 
but it i. n't as signifkam as when it's pres­
ent in both. If ET is present in bOLh send­
ing and receiving modems. test results 
ha e ·hown that its overa ll reliability is 
nearly 20 percent greater than when it is 
present at only one nd of the connection. 

ne factor LO note here is that to provide 
any improvement. MNP level I 0 is re­
quired on both end. of the connec ti on, 
while ETC may be pre. ent at only one end. 
This is the theory behind cellular can·ier's 
modem pools (sec th text box "Modem 
Pool '"). 

ETC provides improvemen t in transfer 
rates for all file sizes, but a real bonus of 
the protocol i. that significantly larger fi les 
can be. ent in under l minute. None of the 
other protocol now avai lable can beat the 
I -minute threshold, even for files as small 

tipolnt benefits, rather than the point-to­

point benefits that are derived from any 

protocol required on both ends of a con­

nection. 

Jim Ducay, director of wireless d~ta ser­

vices for NYNEX, believes that "Gellular 

can meet all of our customers ' needs, 

both voice and data. One such need is 

wireless modem service, which we sup­

ply with ETC-protocol support in the net­

work. The entire process is transparent 

to the customer, who only sees increased 

carrier reliability and threughput." Wnile 

this system delivers benefits without cus­
tomer investment, if the end user does 

have ETC installed on his or her end of the 

link, the benefits are greater. 

Of the 15 cellular providers currently 

endorsing ETC, about half have Imple­

mented modem-pool technology in their 

systems. Most provide it as a value-added 

service to the customer at no cost. Sarne 

are even looking at the possibility of pro­

viding reduced-rate data-only services to 

their customer base. 

as 4 KB. whi h means that the sam • ca ll 
wi ll cost twice as much wi thout ET . Ob­
viously, as the file transf" rs g t larger. the 
percc..:ntage of saving. is not as dramatic. 
However. th avcrag on-air time for the 
transfer of a I00-KB lilc is minutes, 57 
S1::conds, for an T - -T con necti on. 

Real-World ETC 
ET is available in AT&T produ t like 
KeeplnTouch, which is a P M lA ellu­
lar mo lem card, and Dataport and om­
sphcre. which arc de. ktop . y tem cards. 
For pre- ·TC cust mers of these product . . 
the technology is downloadable at no 
charge t 1hc end user. AT&T has licensed 
ET , and severa l modem vendors have 
also done so. Among the hardware ven­
dors arc ompaq. Intel. and Xircom. Th 
list of the service providers who support it 
read l ike a who'. who of ce llular om­
munication in the U.S.. and . everal of the 
companie~ are involved in communica­
tion. operati on world wide. 

Intel's ellular Faxmodem was the lirst 
ETC-compliant product available from a 
third-party vendor. The Cellular Faxmo­
dem For P MCIA, de criptively if unimag­
inatively named, was introduced in .June. It 
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or generations we have looked to the star as ymbol. of that whi h cannot be reached. 


To be considered a rar, one musr display rare talent and ability to ri c above the mas e . 

While the average person may never literally rea h cl1e stars, it is po sible to pur one to 

work for you. * Con ider the amtron rarPowerD' line of high resolution monitor.. Fearuring 

digital controls, Aicker-free screens ro ease eye srrain and non-imerlaced displays for edge to edge 

viewing, the enri re line complies with EPA Energy Srar"' standards. * In addition, every Samtron 

monitor comes wirh an unparalleled three year pans and rwo year labor warranty, adding up ro 

SCL-728SXL 
17" Flat Screen 
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Mac Compatible 
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• Super Fine Dot Pitch 
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• VGA, SVGA, XGA, VESA 
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• Multi-Scan Q
• Power Saving 
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SAMTRON DISPLAYS, INC. 
14251 E. Fires1011e Blvd. #IOI La Mirada, CA 90638 
Tel: JJO 802-8425 Fax: 310 802-8820 

heavenly performance ar down-ro-earth prices. 

* Conracr your local dealer abour the SrarPower line. 
Cusromer "1Ce: Tel: (800) SAMTRO . 
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Tlo ll'A liioin Siar'" ...item .i... 001""""" El'A """'""""'If enr piMoct m""'"'· Spoiifkarioas llljla!D cbiga willloutlllia. VGA is ammokol lnlmi!Jllll Baiem-. r.. lrd. Sattn is 1ilnoll1M. 
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0 Macintosh" and Windows support on the 
same network or via modem withom costly 
nte servers 

u 	 Easily accommodate upwards of 20 
simultaneous modem connections and more 
than a hundred network sessions per server 

u Connectivity via network or modem to other 
FlrstClass servers or other mail systems 

a Remote or local administration with 
the same client all others use 

u Messages with multiple fonts. styles 
and colors & unlimited attachments 

a Simultaneous multiple file transfers 
1'1 Background searching 
a Gateways co the Internet with full 

Usenet newsgroup replication 
:> Fax gateway for Individual or 

broadcast faxing and more! 

DEALER & CONSULTANT 
INQUIRIES WELCOME! 

is compatible witb both wireless and wired 
com munications and i.. capable of 14.4 
Kbps, the fastest V .32bi speed. Besides 
upponing ETC, tile Cellular Faxmodem 

. upports MNP level I 0, enabling error cor­
rection in communication with modems 
that also support MNP level l.O but do not 
comply witb Y.42. 

TI1e retail price for the ellular Fax mo­
dem i $349; an RJ - 1 I phone cable is a 
$99 option. The modem i compatible with 
AT&T's cellular phone and Nokia Con­
sumer Electronic ' Technophone. Tt i, not, 
however, directly compatible with the line 
of cellular phone from Motorola Codex, 
the best-selling cellular products in the 

.S. Some third-party vendor make prod­
ucts that let you attach an ETC-compliant 
modem to just about any type of phone 
but a direct connection lo a Motorola 
phone through its M 2 bus require · a Mo­
torola modem or a KeeplnTouch card. 

The Motorola Difference 
Motorola's product do not feature ETC. 
ln tead, Motorola ha: developed it. own 
proprietary protocol cal led ECC (Enhanced 
Control Cellular), which is de igned to 
provide the ame advantage as ETC. ECC 
work , like ETC, at both the physical and 
link layers of the cellular network model. 

nfortunately, no further information on 
was availubl' nt 1 res. Lim . including 

whether it is compatibl' with oth •r stan ­
dards. what it . 1 ecifi I cn~ti t s arc, and 
the avai labi lity of liccn. •s from Mo1orola. 

Xir om is an industry leader in the de­
e! pmcnt cf L and W N (wid ' -area 

network) technology for !he mobile market 
and a technological partn r of Motorola . 
However. Xircom is goi ng with T . Jim 
orion . seni r engineering director at Xir­

com, . ays, ·· ur products real.Ure ·1 Mo­
L rola 6830_ processor and plenty of RAM 
and arc capabl of supporting mul1iple si ­
multancou~ protocol ; space and compute 
power are not a problem. Xircom . imply 
feels tha1 ET is the best proto ·ol f< r th 
1ypc of marginal condi1ion. that ce llular 
som tim . deliver . . " 

The LA /WAN group at Xircom i: de­
voted ro providing remote connecti ons to 
LAN. and other types of networks. II de ­
veloped and i. marketing two ET prod­
ucts, the Credit ard "thernet + and the 
Pocket Ethernet +. As it. name implie., 
th Credit ard Elhcrn l + i a P M IA 
product, while the Pocket Ethernet+ plug. 
into a system ' s parallel port. Bo1h are 
unique in that they provide an fahemeL in­
terface and a V .32terbo-compatibl e mo­
dem. (Terb is a word play on the V .32ter 
standard , which wasn ' t pas. ed. V32terbo 
is capable of 19.2-Kbps modulation .) 

Xircom chose ETC because AT&T i 
actively marketing and support ing the 
product: the secret of MNP level I 0 and 
ECC, on the other hand, remain veiled. 
Xircom has left it option open. though. If 
ECC becomes an important tandard, you 
will be able to download the technology 
onto Xircom products. ETC will be avail­
able a. a software upgrade in the fourth 
quarter at no charge for tho e who own 
the CreditCard Ethernet+ and the Pocket 
Ethernet+. 

The Cellular Future 
TI1e fact that cellular today i a virtual cir­
cuit- witched technology adds lO the ne­
cessity of a product like ETC. Signals sent 
in an open-broadca t format will alway: 
be more . usceptible to various type of in­
terference than data carried over a wire. 

ETC i ju t one way to afeguard the 
transmi ion of data over a ceUular con­
nection. Part of its popularity comes from 
the fact that ETC isn't required on both 
ends of a connection. You can buy an ETC 
modem and sti ll benefit even if your cel­
lular carrier doesn't u ·e it on the other end 
of the connection. The ame can' t be aid 
of ETC's bigge t rival , CDPD Cellular 
Digital Packet Data). 

CDPD is a connectionJess dioital tran. ­
mission technology thaL uses . ome or th 
unused bands in th ellular fr quen y 
sp ctrum 10 transmi t digital inf rmation. 
Because it breaks information into pa kct.. 
it can take advamagc f standard digital 
c mpress ion and err r-corr cling tech ­
niqu s. It also do sn' t need the long . tup 
lime an anal g cellular connection docs. 

Many r the same ·ompanie. that sup­
port "T also supp rt DPD. These tech­
nologies ar not mutually exc lusive; nc 
cellular base station can supp< 11 them both. 
Becaus' it is require I by both purti sin a 
transm1ssmn, DPD 1cchnology will roll 
out far . lower than will T . Both will 
und ubtedly exi. t side by sid until after 
the turn f the ·entury, when the analog 
cellular ne1work make. the transformation 
to all-digital technology. 

Becau. e of its open-standards nature. 
and th ba ·king of companies like AT&T. 
IBM , lnl I, and< ther .. ET looks like a 
ready-made succe .. There is no question 
that it rcprescllls a significant boon to the 
many thousands of cellular users around 
the country, and that it makes cellular data 
communication a viable tool for the mobile 
busine professional. • 

John Brynn is a }i"edance 1ec/111ology wriler and 
co11sul1a111 based in San Jose, California. You c:cm 
send him E-mail 011 1he lnrem e/ or BIX w edi­
1or.f @IJix.cu111. 















Go ahead. Let your elfget carried away. Because when you buy a 
computer from Gateway 2000 you can lose your elf in a whirlwind of 

extraordinary computer systems and fantastic software. You II feel like 
there absolutely nothing on earth you can't do! So let your imagination 

nm wild. Soon you ll be opening the doors to Gateway 2000 where 
price are a breeze and computer dream really do come true! 

Mo t Gateway desktop y tern now include larger hard drives, 
including a I GB hard drive on our P5-90XL Pentium,...-based machine. 

So there no way you can get caught hort of space. A TelePath"" fax] 

modem i included on our new Pentium-based multimedia system . And 

CD-ROM drives are standard on all desktop systems. Just imagine what 
you can accomplish with Micro oft' Office Profes ional including the 

latest version of MS Word, E eel PowerPoin and Acces , now 
standard on all 486 PCI and Pentium-based ystem . 

Astandard three-year limited part warranty on all de ktop sy terns 
and Gateway monitors tops off our tradition of bringing you the best 

service and . upport in the industry. 
ound too go d to be true? Well, that's not all. The Gateway 

HandBook 4 6 portable P i no priced at legendary lo prices. 

Gatewa 2000 ha grown to become a Fortune 500 company, but 
we'r ti ll the do n-to- artb Midw stem who have alway gi en you a 
go d old-fa hioned value. Go ahead, take a vi ionary leap into the 
Gatewa 2000 exp rien e. S n you II be aying, 'There's no plac like 
Gateway, there' n place 
Jjke Gateway.' 
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upematural power. Me merizing feature . tunning 
oftware. It the Gateway 2000 experience. Aplac where 

you can have the be l CPU in the land - and o much more ­
when you buy a Gateway 2000 Pentium™-ba ed y tern. And 
while others are huckstering their stripped-down Pentium-ha ed 
compute at way pre ent y tern packed with the all the 
tuff dream are made oil 

There virtually no end to the feature included: hard drive 
up to IGB, CD-ROM drives outstanding ound and ideo 
perfonnance the best oftware fax/modems on two n w 
multimedia model and a tandard three-year limited parts 
warranty. 

Your dream machine no longer elude you. Gateway 2000 i 
making tho dream come true! 

Raising The RoofExtras 
W alway want to keep our cu tomers ahead of th 

indu try. So along with Intel uper-charged Pentium 
proce or, ateway help 
y uextend the life of your 
system by including 

in redible 540MB 730MB or IGB hard dri e on all Pentium-
b ed y tern . Get u ed to the fe ling of being poiled, becau e 
you al oget D-ROM drive . uperior ideo performance and a 
ton of memory on all de ktop sy terns! 

All Pentium proces or-ba ed mod I includ a PCJ lo al bus 
and an enhanced P I/ID controller allowing your hard drive to 
Iran fer data up to twi e a fast a non-enhanced y t m . 

And now Gateway high-quality de ktop y tern and 

Gateway monitor are backed by a three-year limited parts 
warranty. Belie c it - thi i on of the be t' arrantie you ' LI 
find any~ here! 

M11/tim dia Mama 
For tho e who in i t on only the ery be t, your bangri-La 

our new P5-60 and P -90 Best Buy multimedia 
y tern . Wat h out cuz they re jam-packed with all 
the premium multimedia feature you can imagine! 

lncluding a 11 lePath™fax/modem and communi­
cation ftware o you can peak to the world 

from your own living r m. And tun never 
unded o good with a l6-bit 



ound card andYamaha · tereo-quali ty peakers. Play your 

audio CD hear audio clips or record audio al l in p rfect 

hannony. 

Wond ring what' multimedia ' really mean for you? It's 

a whole n universe of knowledge, entertainment, 
ommunication and educational capabilitie . Talk about 

being entranced! ou II experience interacti e, full-motion 

video and l re audio. And ateway gi e you the key t 

tbi universe in a uper-fa t, featu re-packed machine. 

Get the best of all po ible worlds with these new P5-60 

and PS-90 Be l Buy multimedia ma hine ! 

S<~/f\W/'<! "'111'011{1 

It' a weet deal. AII Gateway Pentium-based sy tern 

now ome with Mi ro oft Office Pr fe ional, an in redible 

combination of Micro oft' m t popular bu ine 

application , including Micro oft Word E eel PowerPoin 

pre entation graphic program, and Acee 111­

databa e all on a ingl D with on-line manual . 

Th e program in ffi e Profe ional are o tightly 

integrated they work together as if they were a single 

program. Al o included i Corel Profe ional Photo D 

ampler with tools to vie' Photo Dimage . 

Call for more great oftware option including our value-

packed Multimedia tart r Pack. 

P5-90Xl Paradise 
I it fanta y or for real? Well it the Gateway P5-90XL. 

TI1i ultimate high-flying Pentium-ba ed P ha a larger­

than-lifi I B hard drive. You 're g nna g t all the p wer 

and peed you need for today and tomorrow! And an ATI 

OX vide ard u ing th Ma h 64 graphic a elerator, one 

of the fir t and fa te t 64-bit a c Ierators n the market. It ' 

awe-inspiring to ee the di play on the 17-inch Cry tal can111
' 

monitor. ound you a k? En oniq ' ound cape"' 

wa etable ound card make a tagg ring difference in audio 

quality. And you' ll get a great balance of cri p high and 

plenty of heart-pounding ba - in full tereo ound ­

fr m the Aile Lan ing -31 peake with ubw fer. 

And for the y tern ofyour dream, we'll configure a 
system pecifically to fit your need . Get everything under 
th un with a powerful value-packed Pentium-based y tern 

from ate\ a 2000! 
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You 'II be in paradis wi1ha loaded Gateway P5-90Xl ma hi11e! 



GATEw4Y2lXXJ 
COLORBOOK 

..d. 
-,•H 

GA1EW4YlaXJ 
4 86A D B 0 0 K 

You ll be transported to outer bound when you discover the 
olorBook'" from Gateway 2000. Experience the rapture of 

color portability 011d performance with a 250M8 hard drive on 

ur 

colors in VG m d bursts from an 
incredibl 10-in b dual- can er en on 

tbre ColorBook model . You won t / 

find another portable creen thi big, 
tbi affordable, anywhere el . 

OMHz and 75MHz mod I . A rainbow of 256 brilliant 

/, 
/ I.. 

1 

And while e eryon el e i hiking up their c !or portable 
price ateway till offi you an in redible valu n our 

feature-pack d olorBook , fr m th $1, X model right up 
to the D 4-75. And our DX2-50 model re ently won P World ' 
Be t Buy award in the Power Moblil P category. 

All Gat way ColorBooks are ba ed on th lntel SL 
Enhanced 4 proce or with enough power and memory to run 
all your Window application . Weighing le than 5.7 pound 
mea uring 1.77-inche thin all mod I include two P M LA 

Type Il or one Type ID lot excellent battery life carrying ca e 
and a great u pen re ume feature. Our DX2 and DX4 model 

P M IA fax/modem . You al o get Micro oft 
ffi e Profe ional tandard. 

o, it' not an illu ion ... it ' th ol rBook from 
ateway 2000. 

a o includ 

Vi ualize the ideal portable experience. On the road to 
enlightenment you d like to ha e a lightweight, compa l, real 
4 6 P at an uncommonly lo price. The at wa 2000 

HandB k 4 6 i extra rdinary it' p rtable computing 
ut pia! With unb lievable price on all HandB ok model 
(they tart at just $999!) th re ' ne er been a better time to 
indulge yourself in a world of 4 6 power that you can take 
anywhere. 

The Hand ook light frame - weighing le than three 
pound and measuring roughly I 0 x 6 inch - make ii an 

enchanting little P . The HandBook D 2-50 giv you more 
MlP per und than any thcr portable P . With Micro fl 

ffic Profe sional included the DX2-50 i an unbeatabl 

value. And at th e price you can get the HandBook as a 
companion to your de ktop sy tern. 

The HandBook' feature are a ounding. It ha a bright, 
ba klit VGA ere n and a omfortable touch-type keyboard 
along with an external diskette drive and leather carrying case. 
With two batterie included, the HandBook al o let you ''hot 

~ ap' - change batteri or periph ral while th P i 

running without rebo ting the y tem or lo ing data. 
All ateway olorB k and HandB k p rtable P om 

with a tandard on -year limited part ' arranty. A pecial IP 
warranty i availabl only at th time of purch e for an 
additional $lOO. 



The Gateway 2000 Family PC 
There no place like home when you have a Gatewa 

2000'1 Family PC"' in the hou e. Every member of your 
family will be wept away as they di co er in piration, 
entertainment and learning experience . 

Thi fully equipped multimedia y tern take you to a 

whol n w dimen ion. You get a fa t 0-ROM drive to nm 

th b t program and gam with und pictur animation 
and vid o. With i high-qu lity ound card and pcakers 
th Family P let you play mu ic CD , bear audio clip or 
record audio - all with magical tereo ound. 

The Family PC fax/modem has aU the communication 
software you need to acce infonnation and oth r computer 

u from all over th world through on-line ervice 
xperience a virtual ofh are playgr und ith Micro ft 

Work '"Multimedia dition, M n arta 1994 Multim dia 
n yclopcdia M Money,"' new M ompl le B eball 

M Golf, and oreI Profe ional Ph to D ampler. 
You won't fmd another home PC more loaded than the 

Gateway Family P and our Pentium-ha ed multim dia 
y tern - in any land. 

3-Year Warranty 
Gateway d ktop y tern come with one of the tronge t 

warrantie in the indu try. All Gat way 000 

For d tail on our n w warranty and all of our rvice and 


upport policies, please call or write for a free written copy. 


Payment Options 
Gateway accept mo t major credit card and C.O.D. term 

with net 30-day term and leasing option available to qualified 

commercial u tome . You can al o appl for the Gat way 2000 

DuoLin '" Ma tc rd ard i ued by Dial ati nal Bank, De 
Moin , Iowa. 

To Otlter Worlds 
Gateway 2000 cu tomers in Canada and Puerto Rico receive 

toll-free telephone ervice in both countries ( ee th back page of 
thi ad for pecial 800 numbers along with award-winning 
te hnical upport and C A appr val . n- ite ervice i available 

in ome anadian and Puerto Rican locati n , and ur intemati nal 
hipping mt are am ng the mo t competitive in tl1 indu try. 
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d ktop PCs ar backed by a three-year limited 

warranty on parts. The new three-year limited 
parts warranty include ateway monitors. 

Gateway tomers al o receive a 3 -day 
money-back guarantee and toll-tre technical 
upport. And P Magazine readers recently 

honored u for the fourth consecutive time 
with their highe t rating in PC fag s ervice 

l ft
G«Elro'a'm 
FamilyPC 

and Reliability urvey. A~~~~~-~~ 
On-site ervic i available during 

the first year in mo t U.S. location and 
may be pro ided without charge if our 

te hnician d terrnin it 

nece ary. 



Multimedia Systems ------------------------- ­
4SX-33 FAMILY PC" 4DX2-66 FAMILY PC PS-60 BEST BUY PS-90 BEST BUY 

• Intel 33MHz 486SX CPU* • lntel 66MHz 486DX2 CPU* • Intel 60MHz Pentium"' CPU* • Intel 90MHz Pentium CPU* 
• 4MBRAM 	 • 8MB RAM, 128KBCachc • 8MB RAM, 256KB Cache • 8MB RAM, 256KB Cache 
• 340MB 13ms IDEHard Drive • 420MB 13ms IDB Hard Drive • 540MB I3ms LOE Hard Drive • 730MB 13ms IDEHard Drive 
• Local Bus Graphics with IMB • Local Bus Graphics with IMB • PCI Enhanced IDE Interface • PCI Enhanced IDEInterface 
T Doublc- peed CD-ROM, 16-Bit T Double-Specd CD-ROM, 16-Bit • P I Local Bu Graphics with IMB • PCI Local Bus Graphic with 2MB 

Sound Card &Speakers ound Card & Yamaha111 Speakers T Double-Speed CD-ROM ' Double-Speed CD-ROM 
T 2400/9600 Data/Fax Modem T 2400/9600 Data/Fax Modem T 16-Bil Sound Card &Yamaha T 16-Bit Sound Card & Yamaha 
• 3.5" Diskette Drive • 3.5" Diskette Drive Speakers 	 Speakers 
• 14" Color SVGA Monitor • 14" Color SVGA Monitor ? TelePath"" ll 14.4K Pax/Modem T TelePath U 14.4KFax/Modem 
• Mini ~ktop Case • Mini DesktopCase • 3.5" DisketteDrive • 3.5" Diskette Drive 
• JO I-Key Keyboard & Mouse • IOI-Key Keyboard & Mouse • 15" Color CrystalScan Monitor • 15"Color Crysta!Scan Monitor 

HANDBOOJ("& 486 	 COLORBOOJC'' 
• 2.94 Lbs. 9.75" x5.9" x 1.6" HANDBOOK 486SX-25 I 5.7Lbs., 11.7" x 8.5"" 1.77" COLORBOOK486SX-33 
• 	 LEnhanced Intel 486 or D 2 4MB RAM, 80MB Hard Drive, Works • LEnhanced Intel 48 , DX2 or 4MB RAM, Case, Works 

Processor DX4 Processor 
• 	 4MB or 8MB RAM $999 • 4MB or MB RAM (expandable to $1999 

(expandable to 20MB) 

• MS:OO 6.2 & WfW 3.1 1 
MS Works;" Encarta, Baseball, 
MoneC& Golf 

T 3-YearLbnited Parts Warranty 

$1499 

4SX-33 $1299 
40 z.. 6 $1599 
( o/541/MiJ Hard Drive) 

• MS-DOS 6.2 & WFW 3.11 
T MS Works, Encarta, Baseball, 

Money, & Golf 
T 3-Year Limited Parts Warranty 

$1999 

• DesktopCa e 
• IOI -Key Keyboard & Mouse 
• MS-DOS 6.2 &WPW 3.J I 
' MS Qflice i;rofe~sionaJ CD 

$2499, 

• lntcl PQM~z..Po11lium cyu• 
• 8MB RAM '256J(B;Caobe 
I 540M~ ms $,E HardlJrive 
• PC1Bnbaoced IDE Interface 
• PCTU>Ca Bus Graphlc with JMB 
'f Double~j)t:ed C]hROM 
I 3.5" Diskette Drive , 
I 15" Color Cryst,alSG1ID'.Monitor 
I Desktop Case 
I AnyKey Keyboard &. MQ\ISC 

3-Year Llmited Plirt WarranLy 

$2299 

I MS-DOS 6.2 & WFW 3.1 1 

T 3-Year Limited Parts Warta!)ty 

I MS-DO 6.2 & WFW 3.1 1 
M Office Professional D 

• Desktop Case 
I AnyK Keyboard &Mouse 

MS Qffice Professional CD 
:y car Limited Pans Warranty 

$2999 

P5-90XL 
I Intel 9o~ z entium CPUI' 
• t6M'B RAM, 256KB Cache 
T I GB lOt;ns IDEHaroD,pve 
I PC! Enhaoocd ro"E fnterface 

AT tvtacb 6iJ with 2MB YR.AM 
' uble-'.Speed CD-ROM 
J $i Wavetabla Sound Gard & 
Aflep AC::S-31 Speakers 

I .5" Diskette Drive · 
• 17'' Color Crysta!Scan I776LE 
I Tower asc 
I AnyKt:y Keyboard &Mouse 
• M -DOS 6.2 & WPW . I I 

M Office Profes ional D 
3-Y car Limited Parts Warranty 

$3999 
Portables ________....;;...._---=~;.;.;,...;,;...----.-----------.....,_.,.._..;.,-"""'""', 

HANDBOOK DX2-40 I 3~~~~!kette Drive and Removable COLORBOOKDX1-40I 80 to 250MB IDE Hard Drive 8MB RAM, 130MB Hard Drive, Works 250MB roE Drive 4MB RAM, Fax/Modem, Case, WorksI External 3.5" Di kette Drive 
I 7.9" Backlit VGA Di play $1499 I 10.3" or9.4" VOA Dual- can $2699 
I 	 2NiMH Batteries & AC Pack TN olor Display 
I uspend/Resume Feature HANDBOOK DX1-50 I iMH Battery & A Pack COWRBOOK DX1-50 
I 1PCMClA Type II Slot 8MB RAM, 250MB Hard Drive, • Su pend/Resume Feature 8MB RAM, Pax/Modem, Case, Office 
I EZ Point'" Integrated Pointer M Office Profossional I 2 P M 1A Type II lots (I Type Ill) Professional 
I 78-Kcy Keyboard I Integrated Trackball (2 button ) $3199$2499 
• Parallel, erial &PS/2 Ports • 85-Kcy Keyboard 
I Leather Carrying Case I ParaUel, Serial, P 12 & VOA Port COLORBOOKDX4-75 
• 	 M Works for Windows 3.0 or I M Works or Office Professional 8MB RAM, TelePalh Fax/Modem, Case, 

M Office Professional I MS-DOS 6.2 & WPW 3.11 Office Professional 
• MS-DOS 6.2, WFW3.l I & $3699erial Transfer Cable 

'Intel Veri lied:mil Toll tree from Canada Upgradable~ 800-846-3609 

Toll tree from Puerto Rico 

800.846-3613 
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ExtraordinaryExtras! 

Awonderlandof value: Gateway 2000's peripherals and 

software, sold only with the purchase ofa system. 

MULTIMEDIA 
Basic Audio Multimedia Kit 
Here's everything you need to add multimedia to a Gateway PC. 
• 	 Gateway2000 16-bit CD-quality sound card, compatible with Sound 

Blastcr'M cards, with MIDI/game port , mic in, stereo line in/out 
• 	 2 Labtec® CS-180 speakers 

$109 (with system purchase; 

Wavetable Audio Multimedia Kit 

Once you've heard waveiableaudio, basic audiowill never do! 

• 	 Ensoniq® Soundscape'" 16-bit wavetable sound card, MT-32 and FM mode 

compatible. Supports most software for popular sound cards and standards 
includingGeneral MIDI, Sound Blaster, AdLib RolandMPU 401 , MS 
Windows Sound Sytem and MT 32 

• 	 New Al rec Lansing ACS-31 three-piece speaker system 
• 	 MidiSoft®Sound Explorer and Time Warner' Aegi "" oflware 

$249 (withsystem purchase) 

MONfrORS 

CrystalScan® 17·1ncb Monitor: 

Non-inter111Cedcolor m~nitor with Jnrelligenr ml!lti-~iqg anal~g QoloP· 
dispjay eiipalile of 1286 x 10,24 ·fesolution1n noo-inter.laced mode, ~2~ dolipitch. 
Upgradefrom a f4:inc ~talSc!lli I024Nl monitor ~395 •. 
Upgrade from a 15-inch CrystalSchn I 572 rnonitof $3~5 • ..H.and~oo,k.3.?" g/(ter;nal floppy, ·$99 ship,:a replacement.to you within 
(Prices good 011/yfor 11pg1'(11/es a1 the time ohystemp1pt hase.) • ColorBook"' carrying case. $49 24 hours during wamnty. Point 

PRINTERS 
Hewlett®-Packard 4L LaserJet Printer 
Afull-featured300dpi printer loaded with enhanced PCL 5 and 26 scaleable 
typefaces with lMB standard HP Merner)' Enhancement Technology. Parallel 
cable included. $699 

Hewlett-Packard 4L LaserJet Printer 
A600dpi printer for four times the dots of300dpi laser printingwith enhanced 
PCL 5 and 45 scalable typefaces. 2MB standard memory and 3universal 
SIMM slots available for additional memory or PostScript fonts. Parallel cable 
included. $999 

Epson®Stylusrn 800 Ink Jet Printer 
Get the look of a laser at a dot matrix price with the Stylus 800. Prints 150 
characters per second at 360dpi - fast and quiet! $289 

Call for other pri11ter options, including more Hewlett-Packard pri11ters. 

NETWORKING 
Ethernet Adapter from 3Com® 
Ultra high-performance 16-bit Ethernet cards from the world leaders in Ethernet 
technology. 
16-bit TripleMedia Card supports BNC, AUl and Twisted Pair media $J 19 
16-bitTwistedPair only $99 

To.ken Ring 
JJ3M®16-bit '1.'oken Ring card $429 

PonTABLES 
P.e·rillheraisand upg(ades a,vailable only with aGateway portable purchase. 
PCMC/4 Cards 
m	TeJePalh 4,!199 Fn¢..todem: $249 • Token Rin& adnptcr. $449 

(#~·o i~ WAC/(.t.¥ei!Sion, same pribe} • HandB.ook~VGA adapter. $229 
• 9/i<i9!,2;400 Rtl~M"odem. Sl 49 
• Etl!emet'adapter.;, $'149 
Other i(ci:e.r{or,ies 
• 2".2PihNiM!i ~atteries. Call for prices • Bxiendcd VIP warranty - we 

COMMUNICATIONS &STORAGE 
TelePatb'"' Ll Fax/Modem 
Internal fax/modem, 14,400bps modem V.32bi., with 14 400bps fax capability. 
IncludesCommWorks'Mdata and fax.communicationsoftware, CoScssion"' 
Host remote diagnostics, plus aCompuServe"" trial memliership. $99 

Colorado MemorySystems® TBU 
250MB internal tape backup.unit dlpies up to 9.5MB per minute. Comes with 
MS Wind9ws•w and DOS ~oftwllfe, one tape and cable. $149 

• 	 HandBooIC. lea lier earrying cas . $55 qfsale only. $100 

Call the G111eway 2000 special Compo11e11t Add-ons div1'.~ io11111 

800-846-2080for 011r complete line of extrasfor GateY.Jay customers. 
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O 1994 0.t<W 2000, lrio_. Gal~)' 2000, Any/(cy. C1)11a1Scan, HandBooll. bl"k·•nd·v,futespot dc~gn. "G" logo and "You've got a friend in the bu>in..,,. 1logon 111? regimcrcd tr.tdolllJJlks. and ColorBook, Duolinc. F3mily PC. BZ Paint and 
Tdcl'!lh ll!l'lmlianatb ofGntc\l\ly·2000, loo. Th: Tut cl lnsidc U>gG, Intel, Pentium and OverDrive arr trademarks or ..g;,med tradenlalh of lntcl Corporation. All other brands and produ<1 names arc trndcmarl<s or registered tradcmruks·of ibcir 

~pcc)ivc compwiic · MonitlllS' di~gooal moisurem...ts iodicat• lilt size of tho cathode-ray tube. All priers and configurations arc subj«t 10 change without notice or obligation. PriC<S do not include shipping orawlicable sales ta\. 
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The Quickest Way for 

the CD-ROM Revolution 


to Pick Up Speed. 


Introducing the 4PleX Quad Speed CD-ROM Drive with alMB Buffer. 


If you'v b n waiting for D-R M driv p rfor­
man e to r ally take off, get ready to hold on tight. 
The new Plextor 4Pl X l aps past th apabiliti s 
of 2X and 3X driv s, and puts you in the forefront of 
the multimedia revolution. The fast t (600KB/s ) 
data transfer rate yet e n will whiz multimedia 
video, graphics and animation aero s your sere n, 
providing you with r alism and excitement that 
slower CD-ROM drives can't match. 

4PleX quad speed drives are available in both 
internal (standard half-height size for easy mount­
ing in your PC) and external configurations. Both 
models feature a massive lMB buffer, the largest 
ever found on a CD-ROM drive. They connect 
to your system through a SCSI-2 interface, which 
offers tremendous peiformance advantages over 
the IDE- and ATAPI-interfaces used by many 
competing drives. 4PleX drives surpass MPC-2 
specifications, and are XA and Kodak Photo CD 
rnultisession compatible. 

Pl xtor driv s ar d signed for maximum p rfor­
mance and minimum downtime. They ar built at 
an ISO 9002-approved factory in Japan, boast an 
indu try-leading 70,000 MTBF (15%duty), and are 
cover d by a two-year warranty. Ifyou encounter 
any difficulty in tailing or op rating a 4Pl Xdriv , 
call our toll-fr e technical upport line, where real 
people with r al answ rs (CD-ROM is all they do!) 
will assist you. 

Why wait? Join the multimedia revolution with a 
revolutionary 4PleX CD-ROM drive. Call toll-free 
800-4PLEXTOR (800-475-3986) for more informa­
tion and the name of a dealer near you. 

..._.... CD

Askfor afree 
copy ofour 0PLEXTORbrochure, 
"15 Questions 	 4255 Burton Drive 

Santa Clara, CA 95054 1b Ask Before 
Tel: 408-980· 1838 or

Pnrchasing A Tel: 800-4PLEX'l'OR 
-ROM Drive" Fax: 408-986·1010 

0Ut94, Plcxt.or Coq1. AJI Rights Reserved. 4Pld b a n?glstcrl'd tndt!m.uk c>f Ple.xtor Corp. AU other uademnric.'I or regiMernd Lrlltemarictl ~lfied are owned b)•their respttttYi: holdtcs. 

-·--- --~-1-.A._~llD -. J-.-....,.l-...~--...1 -Lrlrtl!'.~-L.c'~ ... -tt._~ft.\._ 

http:tndt!m.uk
http:Plcxt.or
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Processors Proliferate 


Good things 
in small 
packages are 
generating big 

product 

opportunities 

would require ex ternal RAM or ROM plus tra es 
Lo connect everything, all of which mea n. more 
rea l e. tat , and that' s a definit e no-no in the land or 
th small. 

n IBP. however, is a very . pecial mi rocon­
Lroller- one that takes the micro in microcomro/ler 
seriou ly and ne Lhat fits entirely in a 20-pin, 18­
pin, and m Limes even 16-pin DIP chip. The un­
believably mall footprint of the. e proces ors makes 
them hard to take seriously. Bui don't b' fooled . 
Insid are full-b lown P (a lbei t 8-bil on s) with 

RICK GREHAN 

W
hile companies such a 
DEC, Imel , and Mip 
have been cranking up 
the megahertz on their 

latest 64-bit CP s, wrapping spacious 
PCl-bus-ba. ed motherboards around 
Lhem and strapping on heat ink the 
·ize of waffle irons, ther companies 
uch a Microchip Technology, Mo­

torola. and Zi log, have been happily 
·lipping tiny microproce sors imo the 
nooks and crannie of our lives. 

Microprc e., or have be n u. d in 
automobi I , f r . m time, and you· vc 
pr bably gu ss d Lhat many of the talk­
ing and oth rwisc ' I cLrica ll y animated 
Loy that your children now lust after 
have om ort >f mi r pro ssor in­

rdle · and cellular communi ­
ali n. quipmcn t arc also ubviou · 

homes ~ r th se ·hi ps, but mayb you 
hav n't gue sed that one fth ' bi gge t 
markets for microprocessors is the 
hand-held infrared c ntr II ·r: tJiat thing 
y u use to chang channels wilh every 
night. 

Wei ome to the world of the IBP 
(itty-bitly pr ess r), where bigger and 
faster take a back ·eat t more accu­
rately, barely cling to the rear bumper 
of- ·mailer and lower-power. While 
denizens of the P motherboard ar 
only now beginning to acclimate them­
selves to the reduced electronic blood 
pres: ure of 3-Y power, · me lBPs are 
already running at 2 V and Jes.. Whil 
P CPUs expand their data bu es to 32, 64 and even 128 bit 
IBPs echo-with ome modification-the famou line from The 
Treasure of1he Sierra Madre: to wil, "Data bus? We don ' t need 
no stinking data bus." 

It s true. After all, thes are microconlroller .. By definition a · 
many of their pins as possible are given over to 1/0 lines ·ince 
they are Lhe mean: by which the CPU communicates with the 
outside world. All program memory and RAM data reside enti rely 
on the CPU. There are n ex ternal data or addres · lines. The. e 

accumulators, index regi ·ter stacks. and well-rounded in !ruc­
tion sets. They are alway adorned with parall 1110 port ; virtu­
all y all have one or more timer ; many arc available in versions 
with on-chip serial 110; and some can be outfitted with special­
ized analog componem . 

Simply put, they provide electronic intellig nee Lhat can be 
targeted at specialized application . A ingle IBP. for example, ha 
the abi lity to do the job of a pile of discrete electronic . Then 
you can take that same TBP and reprogram it, and it can do the job 
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The Taming Power of the Small 
·ve seen other small microcontroller 'oftware mentioned above. The code I d velopment ystem besidei the Ba­ on the PIC J 6C56 also 

sic Stamp fromParallax. BlueEarth Mi­ contains all the 
cro. for example. d i a device that con­
nects to y,oor PC' Serial port and kmks 
no bigger than an RS-232 gender­
changer, yet it include: an 
8051 with 32 KB of 
RA~ arKl a BASIC inter­
preter on-board. But even 
these features can't com­
pete with the elegant sim­
plicity of the Basie Stamp 
( ee the photo). 

The Basic Stamp i a ur­
prisingly small, yet sUJvrising- neees. ary to download 
ly ceo:iplete, PIC I 6C56 de elop­ the program frQm your PC 
ment SY tem. It c~msi ts of two­ onto the board 's other chip-a 256­
that ' s right, two-lCs a 4-MRz res­ byte serial EEPROM. Eight of the PIC 
onator (i.e .. an,oscillator circuit , a volt­ processorts pins are available as VO from 
age regulator. ~td a handful- not eve11 a header strip that lies adjacent to the 
a thimbleful, actually-of passive elec­ pr0totyping pa.ce. 
tronics. The whole thing can be powei;ed The Basic Stamp' dialect of BASIC 
by a 9-V transistor battery (you can see is limited but capable. Obviou ly, math­
the battezy clip in the plfoto). ematical e~pre sions are re-

A three-pin header connect the Ba­ tricted to integer • and ex­

. ic tamp to your PC s printer pcm via a pre sion evaluation proceed 

cable supplied by Parallax. Parallax al o from left to right. Multipli ­
·upplies dcvel pm nt oftwarc that al­ cation and divi i n are o little ~ 1 

low, you to program the Ba le tamp in strange in that there are separate I ~ 
a trimmed-down version ol" BASIC. operation · for returning the high word 

Men uring I ~ by 2~ inchc , the Ba­ and the low word of the re.-;ult. Also, pro­
sic tamp i not much bigger than a gmm. have access tO only seven gcncral­
Matchtxl car. When you c n. ider that at purpos variables. 
lea'lt half of th board's surface area is Nevertheles , you an u LET state­
prototyping area, the Bas i tamp be­ menUi. GO UB .. . R •TUR su11cments. 
comes even more amazing. IF .. . TH N stateme nt $, uncJ FO,R ... 

The board' s larger chip Is the Pf NEXT statements. Furthennore, the lan­
16 56 processor. Parallax has pro­ guage's design rs have added numcrou 
grammed ii with a run-Lim ~emel lhat special fun lion. I.hat are useful ~ r-or 
e ccute the tokenized BA TC pr gram even ciitical to-embedded applicacions 
that you creale using the developm nL builders. 

of a diffe rent pile of di screte electronics. DIP holds, for instance, a co ll ec tion of 
Repeat that last sentence over and over to eight tristate transceivers, not a whole pro­
yourself, and you beg in to apprec iate the cessor. With an IBP, all th ROM and 
versatility of fBP.. RAM the processor needs is on-chip. Since 

there are no ex ternal address or data lines 
Similarities to feed, more chip pins can be given over 
Before delving into some individual ex­ LO J/0. 
amples of IBPs, we should fir. l get ur Timers ill"e u uall y critjcal in embedded 
bearing .. After all , mo L of us have been applications; they arc used for task that 
living in a larger world; we need to get ac­ can be as simple as making ljghts bl.ink or 
customed to thinki ng small. as complex as generating accurate pu lse 

A I mentioned above, the di stingui. h­ trains. Every IBP rhal l have been able to 
ing characteri tic of an IBP is its tiny foot­ find h a~ on-chip timer. , in luding a spe­
print. lfyou are at all versed in digital elec­ cialized ver. ion referred to as a wa!chdog 
tronics, you know that typically a 20-pin rimer (at lea t one proce sor's data book 
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Fer example, the BUITON funcr.i0n 
read the state of a switch on an input 
pin. handle debouncing automatically, 
and lets you peoify an aoto-repeat delay 
and rate (if the bunon i held down). The 
PULSlN function read the durati0n of 

a pulse on one of the PIC's JJO pin , 
accurate to I 0 micro ecoo.d . The 
PWM functio.o will output a pulse­
width modulati on on one of tbe 
proce or' output pin . With the 
SERIN and SEROlJT fonction • 
you can pecify pfos as erial in­
pms and/or (}utputs and transmit 0r 
receive clfaracters at speeds of up 

l<> 2400 bps: 
By any.one tandards, th\;: Basic 

Stamp i quite an accomplishment of 
both hardware and software engineei::­
ing. Documentation from Parallax ug­
gest that it' ~ossible to get on aver­
age, about 80 line ofBASIC on a Ba ic 
Stamp. And since your code is beingpro­
grammed int0 an EEPROM each time 
you download it, W quite rea~onable 

for you to simply take your develop­
ment ;'ystcm and attach it direct­

ly Lo whatever target it will be 
ontrolllng. 

I Pcrs011ally, I'd lov 10 get a 
I chance to look at the source to 

the code in the Pl I 6C56. Paral~ 
lax rnanag d to rum all th run-tim 
capabilitie · of th ' functions d · ·ribcd 
earlier- the BASIC contr I tatemeots; 
digital and anal g f/O handling; serial 
ports; and ·v n the code to communi­
c111e with the PC download the tokenized 
program int th PROM, and execut 
the token - into 51 2 L2-bil instructi ns. 
U l were to achieve a similar program­
ming feat, rwould die a happy man. 

ca lls it the OP- co mputer operating 
properly- watchdog). lts raison d'etre is 
keeping Lhe proces or from lap ing into a 
coma due to a program failure or a hard ­
ware glitch. 

Once the processor is started and the 
watchdog is armed, the program mi1sr re ·et 
the Limer within a certain time period; oth­
erwise, the watchdog wi ll reset the pro ­
cessor. Developers therefore build into 
their programs rou tines th-H reset the watch­
dog every so often. lf a failure in program 
now occurs, the reset routine won· t exe­
cute, and the watchdog will re usci tare the 
processor upon time-out. co11 ti11 11ed 
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68HC05 Microcontroller 

COP 
lime-out 
reset 

User ROM 
(1240 bytes) 

User RAM 
(64 bytes) 

Multifunction 
timer 

COP watchdog 

8 

8 

The core of the Motorola 68HC05 mlcrocontroller. Note that the progre.. counter Is constrained to 11 bits and the 
stack pointer Is constrained to worll In the l"llnge of OOCOh to OOFFh. Also, four of the port A pins can be 
programmed to serve at external Interrupt lines. 

The Manufacturer's Perspective 
Whil user and developers might view 
IBPs a. atomic. indivi ible unit of com­
puting, manufacturer, see th m as a ol ­
lection of pans rather than as individual . 
dis rete P s. I discussed thi s idea wi th 
Paul Grimme, Motorola's H 05 opera­
ti ns manager, and James Goodhart Zi­
log' . Z8 microcontroller channel man­
ager. Both de cribed remarkably similar 
approaches to pr duct de ·ign. 'pecifical­
ly manufacturers have. over time, built 
foundries of proces or parts. At the heart 
of these fou ndries are processor cor . 10 
which manufacturers can attach varying 
amounts of ROM and RAM , a well as 
UO ports, t.imers and other pe1ipheral com­
ponents. 

ln essence, th is is object orientation on 
a microelectronic scale. Lt's one area where 
product longevity doe not lead to obso­
lescence; it lead to increased reliability. 
For example, the Z8 wa available a. long 
ago a. 1979; to Zi log'. Goodhart, that 
means not on ly have all the bugs been 
worked out of the silicon, but it' s given 
Zilog plenty of time to build up a library 
of useful oftware algorithms. When a cu ­
tomer approaches Zilog with a new custom 
microcontroller specification, Zilog can 
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dip into its hnrdwar f undry and · ft ware 
library. quickly lash t geth r the needed 
cornpon nts. and. a cording to oo lhart, 
"turn a new d sign in ·ix to nine months." 

This is preci . ely what happened when 
a major TV 0 · M manufactur r recc111l y 
knocked on Zi l g's door. Zilog was able 1n 

quickly builu a 2-V cu, tom I. wi th a ZS 
core and specialized timers. The result was 
the Z86L 7 1, the hea rt of the TV OEM 
manufacturer's multibrand infrared re­
mote. 

Of cour . ther manufa turers of IBPs 
have ·imilar stories. As I mentioned earli ­
er. microchip IBPs ar -rawling through­
out the automotive industry. And have you 
got a Logitech M useMun cordless mouse 
next to your computer? If you had x-ray 
vision, you would ·ec a 20-pin Motorola 
68 1-1 L05J I A in ·ide. 

Anatomy I: Motorola's HCOS 
Motorola 's H 05 line has-like those or 
the other manufacturers in thi article-a 
number of members. thanks lo Motorola's 
voluminous component foundries. H 05 
microcontrollers are all proud descendants 
of the venerable 6800, an 8-bit proce., or 
that found its home in uch long-gone per­
onal computers as Ohio Scientific's Chai­

lenger series and computers marketed by 
Southwe ·t Technical Products. 

Of cour e. a compared to it, ance. tor, 
the HC05 i both much expanded and 
much reduced. For example, if you exam­
ine the block diagram of the 68HC05J I A 
(a 20-pin member of the HC05 fam ily) in 
the figure ' 68HC05 Microcontro ller," 
you'll see tbat the chip has a single 8-bi l 
accumulator and an 8-bit index register. 
The original 6800 had two 8-bi t accumu­
lators. referred to as the A and B accumu­
lator . (Later member of the 6800 fam­
iIy-the 6 01. for example-provided 
instructions that allowed programmers to 
manipulate the two accumulators a a sin­
gle, 16-bit accumulator.) In addition, the 
6800's index register was 16 bits wide al­
lowing indexed address operands to span 
that proces. or' full 64-KB addres range. 

It wa perfectly reasonable for Motoro­
la to choo e a reduced register set fo r the 
HC05; that design tran !ates directly to 
less ch.ip real e tate. Furthermore, a 16-bit 
index register wouldn 't provide any ad­
vantage on a proces or with onJy 64 byte 
of u er RAM. All VO port. (which, by the 
way, the original 6800 ct.id not po se s as 
on-chip components) and user RAM lie 
within that processor's fir t 256 memory 
locatiCJns und are therefore directly ad­
dressabl by th ' index register. 

Th H 05's instru Li n . et also shows 
modificati ons to the original 6800 b yond 
1hose that you migh t expect as a result or 
the reduced m mory space and register 
' Cl. The H 05 rep rtoire in ludes bit - et 
and bi1-cl ar instructi ns. as well as the 
bit-test-wi th-accum ul aLOr instruction thm 
wus pre. ent on the 6800. A rich sci of biL­
manipulation in ·tructi c ns i · a bonus fo r 
effi ient embedded systems, si nce the pro­
cessor spend: much of its time either read­
ing fr m or writing to single T/O pins. Fi ­
nall y, the H 05 has an unsigned 8-bit by 
8-bit multiply in . truction the 16-bit re­
sult i. cut into two halves and placed in 
the a cumulator and index regi ·ter). 

Motorola continues to carry the H 05 
10 lower and lower level of power and 
size. In February, a colle Lion of H 05 
members were introduccu 1ha1 operated at 
1.8 V. One, the 68 H L05KO, is an H 05 
processor with 5 12 bytes of ROM and 32 
bytes of RAM- all in a 16-pin package. 

Anatomy II: The Zilog Z86xx Series 
Members ofZiJog's Z86xx fami ly all have 
beating in their si licon ·ub trates the heart 
of that company 's workhor e microcon­
troller, the Z8. A block diagram of one 
representati ve. the Z86C04, is shown in 
the fi gure "Z86C04 Microcontroller." 

This particu lar version of the Z86xx is 
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Z86C04 Microcontroller 


ALU 
and flags 

3 8 

Register 
file (144) 

Interrupt 
control 

Counter/ 
timers 

Analog 
comparators 

3 

1/0 lines 

A diagram of the Z86C04, an 18-pln, low-end version of the Z8 family. Note that with 14 pins given over to VO, only 
four pins remain for the power supply, ground, and oscillator. Although this part can opente at voltages as low as 
3 V, Its oscillator can run at up to 8 MHz. 

available in an LS-pin package. Cou ins 
to the Z86C04 can run at voltages as low 
a. 2 V and al lo k . p ed. as high as 20 
MH z. (There are two bran he t the 
Z86xx tree: the Z86 xx branch , which 
can operated wn Lo 3 V, and the Z86Lxx 
branch, which can operate at 2 V.) The 
highe l clock speed of the 1 w-co 'l Z86xx 
processor i · 12 MHz. 

Th riginal Z8 was Zilog 's first one­
chip microcomputer. Interestingly, it u. e · 
a Harvard architecwre (i .e., eparate pro­
gram and daLa memorie ·), which might 
n l mean much if y u were to use the Z 
in its mo t minimal configuration: only 
on-board ROM and RAM active. Howev­
er, the ZS can al ob configured so that 
. ome of the VO pin are given over to ad­
dress and data line . ln that case. you can 
attach 62 KB of external program memory 
and 62 KB of external data memory. (Thi 
is of cour e, not the ca e with the Z86xx 
family who e members are de igned to 
be u. ed only with on-ch ip data and pro­
gram memory.) 

With only l S pins to the out ide world, 
a ZS6.xx proce or is basically a ZS in its 
mi nimal configuration. The Harvard ar­
chitecture might otherwi e be an incon­
venience, because an embedded applica­
tion may need con. tant data from a table 
burned into ROM-which would be in the 
code pace. Fortunately, the ZS includes 
special in tructions for reading from the 
code space into regi ter . 

One powerful attribute that members of 
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the ZS6xx famil y inherit from the ZS i 
that proces or' s unique register tructure. 

pecificaJ ly, the internal RAM of the Z is 
all regi ·tcr .. There i no accumulator r 
index r gister (as with th 6SH 05); every 
member of the interna l register et (re­
ferred to a th register file in the figure) 
can be addre sed with equal ea e. 

You'll notice that th figure indicate 
144 members in the r gister file. Actually, 
only 124 of the regi ter are available for 
general-purpo. e use. The oth r ' arc re­
served for 'pecific operati ns :uch as UO­
p rt c ntr I, 1/0-p rt data, timer control , 
the stack pointer, flag , and o forth . 

Although the original Z8 had three n­
chip I/O port ·, and wa thus more a mi­
cr controller than a microcomputer, it in­
truction set looked more like one designed 

for a microcomputer. ln particular, there 
were neither bit-manipulation nor branch­
on-bit-condition in truction . Furthennore 
none were added as the ZS core was moved 
into the mall form factor of the Z86xx 
proce sors (as Motorola had done when it 
moved the 68xx in. truction et down into 
the HC05). Zi log acknowledge thi defi­
ciency in the proce or but points out that 
the weaknes is off et by the fact that, in 
the HC05, one ha to move data into a reg­
ister (the accumu lator) to do any work, 
while on the ZS the data is in a register to 
begin with. 

Zilog ha added peripheral components 
to the Z86xx that make it more attractive 
for use with embedded application . There 

is, for instance, a watchdog timer on all 
Z86xx processors; ome even have an on­
chip serial interface. The figure "ZS6C04 
Microcontroller' hows an "analog com­
parator " block; there are rwo individual 
analog comparator · on the Z86C04. 

You can configure the processor so that 
1/0 line normal ly given over to one of 
the port are devoted to the analog com­
parators. In uch a case. the comparator 
can be used as building blocks for AID or 
DIA converter . Zilog' Goodhart told me 
that, by using discrete component and 
clever software one Z86xx cu tomer built 
an ND converter with 12-bit accuracy. 

Anatomy Ill: Microchip's PIC 16C5x 
T he Microchip Technology PIC l 6C5x 
series is a specie of the larger Microchip 
PTC I 6x genus· all hare more or le s the 
ame core proce sor architectures. Any 

difference you find are in physical fea­
ture , such as available I/O pins and pe­
cialized on-chip components (the I 6C7 I. 
for example, ha an on-chip ND convert­
er). A block diagram of the PIC 16C5x 
proce or is shown in the figure " PJC 
16C5x Microcontroller." 

The PlC proce sors have feature that 
make them technically more intere ting 
than the Motorola and Zilog components. 
To tart off, the H 05 and Z86xx proce ­
sor ar more r le · variation. n previ­
ous 8-bit-proces ·or lJ1 m s, while th PIC­
, cries proces or i a tually- get thi. - a 
R1 proce or. TI1 re arc nly 3 instruc­
ti n in the PI 16 5x pr e · ·or's re1 er­
toire; compar thi to th 117 instruction. 
in Motorola ' s H 05 instruction set and 
th approximately 75 in1;truc1ions in the 
ZS instruction ·et. 

Understand that this is a RI processor 
only in th ·en e that it ha a reduced in­
structi n repertoire. RI proce ·or · typ­
ically have large regi ter ets, and oper­
ations proceed by fetching data into th 
regi ters, manipulating the data once it s 
there, and then returning the re · ulL~ back to 
memory. There are only 25 -bit read/write 
memory 1 cation on the PIC 16 5x pro­
cessor, and they ' re all referred to a regi ­
ter (as they are on the ZS). There i. a W 
regi ter, a kind of half-hearted accumula­
tor that participates in mo t mathematical 
operations. [f therefore, thi is considered 
a RJSC chip because all operations occur 
in registers, remember that there' · no oth­
er place where they can occur. 

ft's perfectly reasonable to be skeptical 
of the benefit of a reduced in truction et 
in uch a mall proce or. In the larger 
world of 32- and 64-bit proces or , the 
rule of thumb i that a RISC processor re­
quires more machine-code in truction per 
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PIC l&CSx MicrocontroUer 

Direct RAM address 

high-level operation. Thi i n t the ca e 
with the PIC 16 5x, however. Th trick i 
that the instruction-bu width on the PIC 
I6C5x is 12 bits, and- if you consider that 
to be the proce sor's word ize- all in­
structions are PIC-word-wide in tructions. 
For example, the instruction to load an 8­
bit literal into the W regi ter encodes the 
operand in the upper 4 bits, and Lhe literal 
value io the lower 8 bit . (Astute reader 
are now aying to themselves: "Fixed in­
struction length: another RISC attribute.") 

This should be put into perspective, 
however. The PJC chip achieve the re­
duced-instruction part of the RISC acro­
nym by eliminating instructions that many 
programmer may deem downright nec­
essary. For in tance, there are no compar­
ison in tructions, nor are there any con­
ditional branch instruction . There is an 
unconditional GOTO instruction (imple­
mented as an absolute, as opposed to a rel­
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From on-chip 
EPROM data lines 

To on-chip 
Instruction EPROM
decoder address lines 

General­
purpose 

register file 

F
tel.i s 

R 

Literals 

ALU Status 

Stack 

VO ports 

Ablock diagramof the PIC 16C5x aeries of mlcrocontrollers. Note the on-chip ltllck RAM (which 11 two elements deep). The FSR 
(Ille-select rectsterl can be used as 1 &eMral·purpose rectster, •• en Indirect address register, or (on some PIC models) es • 
bank·selec:t register. Also note that llllllller PIC models do not have llO port C; the associated registers are available 11 general· 
purpose registers. 

ative, branch), and conditi nal branching 
can be built into a PIC program by placing 
a GOTO immediately following one of 
the four instruction that include a ' ·skip if 
condition" m ditier. uch instructions will 
kip the next inst111ction if a pruticular con­

dition is met. 
Here' an example: The DECFSZ in­

struction tell s the processor to decrement 
one of the reg ister and, if the re ult is 
zero, to skip the next instruction. You can 
ee that, if the next instruction happened to 

be a GOTO, the effect would be a "decre­
ment register and branch if not zero" i.n­
struction. 

There are other remarkable traits lurking 
in the PIC processor . Their CPU are ac­
tually pipelined, with overlapping fetch 
and execute cycles. All in tructions ex­
cept GOTO, execute in a single machine 
cycle (GOTO takes two cycles). Some 
members of this processor family enjoy 

the full range of clock speeds, 
from 0 MHz all the way up to 20 
MHz. All have a power-saving 
sleep mode. 

Perhaps the be t examp le to 
date of IBP innovation, however, 
is available thanks to the PIC 
16C5x and some imaginative peo­
ple at Parallax wbo developed the 
Basic Stamp. This i a microcon­
troller development ystem that 
connects to your PC via a paral­
lel port and requires only two ICs. 
(See tbe text box "The Taming 
Power of the Small" for details.) 

Don't look Now 
In 1993 Motorola published the 
results of re earcb concerning mi­
crocontroller application . The re­
search focu ed on home, office, 
and auto use and included projec­
tions to the year 2000. The big 
winner was the home. Motorola 
foreca t that the typical home in 
tbe year 2000 will have over 200 
microcontrollers embedded in ap­
pliances, telephones, VCR , ste­
reos and so on. 

Zilog's Goodhart probably 
wouldn t argue with his competi ­
tor 's finding . "Tb largest con­
umer electronics usage right n w 

i JR remotes," he ay . oodhart 
envisions the day wh n that hand­
held chann 1-chang r in your liv­
ing room grow in capabilities (but 
not in ize until it b com . the 
input d vice to all the computer 
and electronic gear in your home. 

Like an incurable infection, the 
us of rBPs i spreading. Whil 

doing re ear h for this arti le, I found it 
impossible to identify just on or two mar­
ket forces driving IBP proliferation. The 
marketing urrent that today pu h tech­
nological development come from all com­
pa s point : ponable communicarions in­
tellig nt PC peripherals, autos, consumer 
electronics, and even toys, for heaven' 
sake. 

While some CPU builder. ·weat and 
strain on new designs for bigger caches, 
bigger data buse , and bigger addre s bu ­
es, it's refre hing to know that other de­
signer are di covering wholly new prod­
ucts and markets for the incredible , 
hrinking IBP. • 

Rick Grehan is technical director of the BYTE 
Lab. He /u~r a B.S. in physics and applied mathe­
matics and cm M.S. In mathematics/computer sci­
ence. He can be reached on the lmemet or BJX 
at rick_g@bix.com. 

mailto:rick_g@bix.com


For more information or the number of a sales 
representative or business partner near you , 

call 800-345-4856. 

Intergraph Js 

finally. Asingle y tern combining workstation power with PC personality - the personal workstation from 
Intergraph • Performance and power of a workstation e Per onality, compatibility, and affo rdability of a PC 
e Productivity tool integrated with advanced technical applications e Popular, easy-to-use Microsoft Windows 
operating environment e Profe ional display technology and the indu try 's broade t monitor election 
• Packaged, ready-to-run ystems witl1 built-in networking and graphics e Path for growth as your computing 
need expand • Perfectly de igned for a afe and comfortable work environment 

Poweifu~ butpersonal 
Afamily efpersonalworkstationsfrom Intergraph. 
•Single or dual90 MHz /11tol Pe11tium proc.ossors •Windo111sNT or \Vi11do1/!s/DOS opcmling 
system •512KB external (,(JChe •High-performance JD gmpbics ltccelemto1; •76 to 256 MB 
inle11u1l memory• •Choice of singleand du(ll /7-, 20-, 21-, tmrl 27-i nch color 
displt1y systems with up to 76.7million rolors •540 MB, I GB, or 2 GB Fast SCSl-2 
disk •/11/egrated Etbemet •3.5-inch, 1.44 MBjlop/~J' disk drive •CV-ROM 

•EPA Energy Star co111plim1C11 •3year limited 111arrtmly 
• lrlorld111ide sales, service. and support 

MlCROSOFfe 

WlNDOWSNf™ 


TM 

REA!Jl'-TO-RUN 

INTE~?l\?H 
COMPUTER SYSTEMS 

Circle 106 on Inquiry Card (RESELLERS: 107). 
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Save time designing, documenting and 
debugging applications. With complete 
accuracy you wlll see the now and logic 
of your application. CLEAR for C auto ­
matlcaUy create flow charts. tree charts 
and formatted source print from any C 
code. Each time you use CLEAR for C. 
your work ls fu lly documented. Infinitely supportable and of 
higher value. 

List: $199 Ours: $169 FAXcetern #: 1853-0001 

WindowsMAKER"' ' 
Professional 5.5 

by Blue Sky Software o.,.., 

WlndowsMAKER~ 5 .5 . Protolyper and 
C/C++ Code Generator for Windows , 
Wln32. and Windows NT. Immediately dou ­
bles your C/C++ compiler productivity! 
Visually design your application: attach 
functionality to any object without writing a 

single line of code. Preview Mode lets you edlt & test your appli­
cation before you compile. Integrated SIMs generate code for 
specific platforms; supports ANSI C. MFC C++. OWL C++ and 
more. Window MAKER quickly regenera tes code-always pre­
serving the us r code IOOOAi upon code r ·-gen ration. Support 
multlm •dla. w!lh th new MulUm dta El"M. 

Llat: $9915 Ours: $895 FAXr,etem #: 2602-0003 

c-tree Plus$ 

~~~~~~:ws .NT • UNIX • OS/2 • 0
SUN • RS6000 • llP9000 • MA • QNX • 
BANYAN • SCO. Thi well known. highly 
portable data manap; •mcnt package has 
become established a the tool of choice for FAIRCOM" 
comm rclal developm nl. OITertng unp1"c ­
dcnled data control. choos from direct low 
level ac css, ISAM lev I, or SQL a e s with lhe FalrCom Server. 
Sing! U er. Mull!Us r, or op tional Clle nt/S rv r , ANSI 
Standard. Full Source. No Royalties. 

List: $15915 Oun: $495 FAXutero #: 1381-0004 
Call ProlJ*.m.lller'a Paradise• Italia for apeclal pricing In Europe. 

ImageBaslc Deluxe 
by Diamond Head 

Software, Inc. 
• Customl2le ALL aspects of your 

Imaging system 

• Superior forms processing capabilltles 

• fndustry standard components are in 
use by O\'er 100.000 users 

• 30-day money-ba k guarantee ellmlnat.es 
risk of trying product 

List: $2995 Ours: $2912 FAXutero #: 1014-1501 

CA-Clipper 5.2 for DOS 
by Computer Associates 
'The CA-Clipper Application Development 
$ptem includes a high-performance com­
piler, eftlclent lIIiker. and a flexible pre­
}JMCellSOr to supPQrt a robust language! 
Aili!! you also get an editor. debugger 
and make utility to round out the com­
ffete package. Professional developers. 
CA..cllpper 5.2 has everything you m~ed for developing PC- and 
l'Jaii-baaed applications. 

Ult: $195 Oms: $499 FAXuum #: 5400-0001 

FAXuttm #: 1001-7301 

Enterprise Developer 
by Symantec 
The only Client/Server application devel· 
opment environment archttected from a 
database perspectJve , En terprise 
Developer provides lncreased productivity 
throughout an application's life cycle­
from design and development to deploy­
ment and maintenance. With Its unique. 

~automated and Integrated SCALE technology, Enterprise 
De\le1oper lets you focus more on Vital appUcatlon content than 
oa t:edlous transaction coding. 

,......... 1.0 List: $795 Ours: $689 
eo.p. Upgrade 

.ICA1.1D Data UDk 1.0 
Llat: 
Llst: 

$295 
$9915 

Ours: 
Ours: 

$279 
$979 

1'.AXtmtr& f: 2132-0041 

http:ellmlnat.es
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ID...... VDB 

Jly COromandel Industries, Inc. 


~y 

:;f;tfjtll~le tn separate versions for Visual 

and C++ (BOrland C++ and Visual 


), tntegra voe 2.0 Is a; Ylsual data­

bull&s for develop~ ODBC compli­

w.tnelows database solutions. quickly. 

no code. It consists of database 


controls. high level funot.1.ons. database classes. a visual 
qri~ bUSlder, a 'Visual data manager, an ANSJ SQL 92 SQL 
llbglne. ODBC drivers for dBASE. Btrleve. FoxPro. Access a nd 
Patadox. DlstrlbuUon ts royalty-free. 

.ca../Sener for C/C++ or VB Wt: $599 Ours: $520 

..... forC/C++ orVB List: $ ~99 Ours: $189 
fa\Xufml t: 9004-0003 

BALO Imagtn~ library
by Lifeboat Pu lishing 
The library thal built J he award­

~ MALO D@kfop Imager ts now 

aVallaMe as a powerful cross-pllitform 

bnaglng 8)'Stlllll for: appllcatlons devel­

opers using Microsoft Windows . 

~.UNIX. and Macintosh. Functionality t11cludes an Image 

~ snanager. imag'e class eonverslon. image enhancement. 

epdlal transfonnatlon, file format conversion (JPG. GlF, etc.). 

and more. With t:l:l.e JiALQ ~Ing-Library. you can easily add 

sta~-the-IITT ~'to yeur applli;atlons. 


.........Venton Ult: $495 Oun: $449 

..... t: 1CM&-0011S 

Watcom• SQL Network 
Server for Windows 
byWatcom 
Watcom SQL Network server for Windows 
lill a QOP.-:dedicated mu\U-user CUepl/Servef ld:..tabase &eIVer supporting concurref.\t 

DOS and OS/?- cllents In pop ular 
~p envlronmentii such as Window!; 
for Workgroups, LANtastlC and Pei;sonal 
?!k!t\Vare. Watcom SQL advanced features inelude ODBC Level 2 
ddVers. bi-c:Urecttonal scr:ollable cursors, referential Integrity. 
row-level locking. symmetde multlthreadtng of requests plu 
on-Une bal;kup. 

8-Uler Llatl $795 Qurs: $599 
P.&Xuttna t: 1883-0011 

Doc-To-Help 
by WexTech Systems 
Version 1.6 of the world's best documenta­
tion and help authoring tool Is now avaJlable 
for both Word for Windows 2.0 and 6 .0. "!be 
only software that allows you to create and 
malntaln doc umentation and Windows 
onllne help from a slngle source. It suppor ts 
all Windows 3 .1 help features. The excltl.og 
new Hyperfonnance ToolsN Include a help navigator. a help sys ­
tem set-up wtzard, drag & drop context-sensitive help creation 
for Visual Basic, 256-color bitmap s upport and watermarks. 
Also Includes an Interactive help window editor. an Interactive 
help macro editor. and support for segmented hyp rgraphlcs . 

Llat: $2915 Oun: $249 FAXcetern #: 1000-1901 

Visual Slick Edit 
by MicroEdge Inc. 
Visual Slick Edit Is a revolutionary program­
mer's editor with a built-In dialog editor and 
typeless object-oriented C-style macro lan ­
guage. Compile and load new macro modules 

Instantly while editing and/or running 
.._... the dlalog box you are cr eatin g . 
....,.. Generate macro source with macro 

...:;....~ recorder that supports dialog boxes. 
• o rtsk 30 day trial. 

List: $295 Oun: $147 FAXcttmt #: 1997-0002 

RoboHELP~ 2.6 
by Blue Sky Software 
Robo HELP 2 .6 , lhe ulttma le He lp 
Authoring Tool for Windows & Windows 
NT. offers full document lo Ii Ip sys tem 
convers ion a nd vi e versa . Turns bolh 
Micros oft Word 6 .0 & Word 2 .0 for 
Windows lnlo fully functional hypert xl 
au thoring sys tems capable of produ cing 
Windows Help files as easily as plain lext. Jusl fi ll In lhc aclual 
Help text when prompted. RoboHE LP takes care of generati ng 
the RTF. HPJ a nd H flies. Link lesler allows you to s lmula le 
your design before you compile. Full support of all features In 
the Windows Help Engine. such as macros . secondary \vlndows . 
and multiple hot.spol graphics. Includes Help Compilers. 

Uat: $499 Oun: $435 FAXwtm #: 2602-0005 

http:excltl.og


Transforming the PC: 


An industry-wide effort, Plug and Play will make PC 

compatibles easier to configure and maintain while 

reducing support costs for vendors and users. 

Although businesses and individuals both stand to 

gain substantial benefits, the transition to full 

adoption of Plug and Play won't be painless, won't 

come cheap, and will likely take years. 

TOM R . HALFHILL 

....... 


t first glance Plug and P lay 
looks like a collection of para­
doxes. To achieve its ambitiou 
goal of making PC compatibles 
easier to et up and use, it re­
quire changes to the comput­

er' BIOS, operating system, peripheral , device drivers, 
and applications software. Change are made to nearly 
everything, in fact, but the core component that most 
needs changin : the d ad - Id P yst m ar hite ­
lure with its obsolete I A bus. And alth ugh Plug and 
Play do s a rcmarkabl job of making s friendlier 
whi l maintaining compatibility with exi ting hard ­
ware, it also requires that y u vcntua lly r place ai­
m st all that hardware. 

Anoth r paradox is th mark ting halleng pre­
sented by Plug and Play. Th handiest way to describ 
what it doe. "Plug and Play make · your P a ea y to 
set up as a Mac"- isn ' l lik ly to b mbraced by its 
bigge t backers which include Mi rosoft fntel, and 

ompaq. And th us rs who m t d sperately n ed 
Plug and Play- first-Lim buyers who hav no xperi­
ence configuring P s-probably won't be the primary 
target of Plug and Play advertising because, as one ln­
tel marketing person explains, "Naiv users expe l P 
to work thi way already.' 

Hard Truths 
Underlying the e paradoxe · ar some hard truths. Th 
P ' ystem architecture has remained fundamentally 
un hanged for I 0 years. Faster microproces ors, bigger 
hard drive , and more memory have unque tionably 
led to more powerful PCs, but underneath it all Lies the 
am foundation that IBM cl tined for the P in 19 

and extended for the AT in 1984. Without a single 
defining leader since IBM lost control over the 

architecture in the m:id- I 980s, the world s 
leading computer platfonn ha been propelled 
forward by sheer market momentum. 

Meanwhile, the fou ndation has been slowly 
cracking under the weight of more and heavier hardware 
and software. The 8-MHz ISA bu · i now a bottleneck 
when it' · mated with a I 00-MHz Pentium processor. 
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Expan ion slots are crowded with device that were 
rare or unhea rd of a decade ago: LA cards, fax 
modems, D-ROM interfaces, SCSI host adapters, 
stereo sound board , and video digitizers. The 640 KB 
of RAM that once cemed luxurious i now choked 
with contentious device driver and TSR programs. 
TRQ (interrupt requests) . OMA channels 1/0 mem­
ory ports, and other system resources are now fought 
over like the last pebble of ore in a played-out gold 
mine. 

Th results are ominous. Users are rru ·tra ted with 
1he comp) xi ties of IR s. DJP switches, jumper , and 
dri v rs. Technical-su1 p rt costs r >r business s and v n­
dor arc skyro k ling. Marketers w rry rhat th . up­
ply of customers wi ll ing t tot ·rate thi s cha s will s on 
reach a satura1ion poin1. An " unacceptably high'' re­
turn rate (reportedl y in ex css or 25 p re nt) for mulli­
media upgrad · ki1s sold for P s prompted omp SA 
(Dallas, TX), a nationwide reta iler, to offer free inscal­
lati on in P s purchased J'rom its stores. Mier oft say 
nearly hair th calls to its Window. help lines are from 
users struggling l in.- tall or configure hardwar and 
s fl ware. A 1993 study by th Gartner Group ( ramford, 

T ) esti mated that the five-year co. l L a busine s of 
owning a Windows-ba ed P was more than $ 7,000, 
largely due to system complex ity. 

Past attempts Lo renovate the P architecture-such 
as Mier hannel archit turc and El A- or Loe tab­
Ii h alternati ves like A E (Advanced omputing En­
vironment) have met with limited ucccs or total fail­
ure. The mo t sue essful alternati ve is Apple' Mac, 
but it proprietary nature has di. couraged wide pread 
adoption. 

Experience ha · shown that user want a gradual Lran­
. ition, not a clean break wi th th past, and no initia­
ti ve will succeed without pervasive indu try upport. 
Plug and Play is a consciou effort to heed those lessons 
while driving the market forward. 

In the hort term, Plug and Pl ay is an impre sive 
patch on the creakjng PC architecture. Although it 
doesn' t add any y Lem resource , it does c dify the 
way existing r~sources are rati.oned. ln t~e long term, 

by the end of the decade will recast the PC platform. TI1e 
primary I/O bus will mosr likely be PCI (Peripheral 
Component Interconnect). Branching off will be a cas­
cading series of secondary I/O buses (e.g., Enhanced 
IDE, PCMCIA, SCSI, Acee .bus, Pl 394, and others). 
The hardware will be more tightly integrated with the 
system oftware much as it is in today's Mac. For both 
the industry and u ers, the challenge is how to get there 
from here. 

Step by Step 
Plug and Play has thre• imm ·diat • g als. First. it will 
make P s eas ier to set up and onfigur . ccond, it 
wi ll ea ·c th La. k f installing new hard ware and soft ­
war . Third, it will endow P with entirely new fea­
tures, su has the ability t ehang contiguraLi ns on th 
ny and allow both the hardware and software Lo re­
·pond dynamica ll y to c nfiguration events. Examples 
include adding or removing a P M lA fax modem, 
aua hing a mobil computer t. a ne1work , or hooking 
a notebo k computer to a docking : tati n. 

It 's imp rt ant 10 di stinguish betw en Plug and Play 
as an orticially cle!ined rramework and plug and play as 
an increas ingly popular buzzword . 
Many new d vi es, peiipheral buses, 

-S: ~ 
• _ ~, • 

, 
/ 

Plug and Play is a ladder to a luture architecture that ~9':;-c ~.....- ~-.-...;.....•f'lr­
...--~ c. 
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and platfom1. arc de cribed as "plug and 
play ,·· and they may offer the advan­
tages of easy setup, configura­
tion, and expansion. But Plug and . 
Play (usually abbreviated PnP) 
grew out of an ISA-speci fie stan­
dard fir t propo ed by Micro oft 
and lntel at the Windows Hard- \ 
ware Engineering Conference in \ 
March 1993. 

Over the folJowing months, the 
two companies founded the Plug and 
Play As ociation, distributed preliminary 

\ / 

' 
ner. but the journey i under way. Mo t 

~ currenc u ers will . pend years building 
toward full PnP capability . Mo t 

peopl will have to buy a new 
computer or motherboard j ust 
to upgrade the BlOS, because 
BlOS ROM s typically aren t 

upgradable. 
To get full sy tern oftware sup­

port for Pn.P, you 11 need a PnP-inte­
' grated operating sy tern like Chicago. Fu­
~S' ture versions of OS/2 and Windows NT 

.~ : c:. • " will utilize PnP a well. Chicago is sched­
spccification , and . oliciled input from<~~ uled for release thi. year. IBM ay a new 
vendor ' and users via the PlugP!ay Forum ver ' ion of OS/2 wi ll fully support PnP in 
on CompuServe. The as ociation released rector of Windows hardware program. . the fir t half of 1995. Another version of 
the latest revi sion of the r A pecification " The important lhing i. that we're d iog OS/2 that' , due this fall sometimes called 
in M ay. A revi ed PnP BlOS specifica­ the bet we can at providing a olution that Warp) will allow hot-plugging of PCM­
tion, authored by Phoenix Technologies, works now.'' CIA card but won't include other ele-
Compaq, and lntel, appeared at the 
time. Meanwhile, a number of 
companies and industry groups 

have collaborated on Pn.P speci ­
fications for other buse . ports. 
and devices. 

Full PnP compliance require 
changes to four major elements 
of a PC yslcm: Lhe computer's 
ROM-ba ed BIO . the opera!­
ing ystem hardware device • 
and applicaLions software. When 
all those pieces arc in plac , PnP 
wi ll bring automatic. software-
dri ven ·onfigurution 10 a Imo. t 
every I/ bus and port on a P ., 
in luding 1 A, I . P I. V ­
Bus, P M IA , I , Micro 

hann ·I architcc1ur . I , c­
ccs..bu ·, P 1394. para llel p rt , 
R -2. 2 s ·rial ports, an I V A 
m nit.ors. PnP will also conligur 
hard-wir d m th rboar<l d 'vi es 
in your system, su has th key­
board. mouse, j oystick, and dis­
play controllers. N more jump­
ers. no more DIP switches, no 
mor mess ing with nfigura­
ti on t'i le such as AUTO X ­
E .BAT, FIG. Y , Y ­
T M.fNI, or WIN.l L 

At lea. t, t11at 's th plan. PnP is 
off to a good tart and is. lowly 
gaU1ering trength thr ughout the 
industry, but . orne c nfu ing 
gray area in the specifications 
leave room for improvement. For 
examp le, ome new PnP lSA 
cards actually add a jumper that 
u ers mu l change when in­
. talling the de ice in a 11011-PnP 
system. " These thing will get 
refin d a. we go along, in a 
point-one release or whatever,·· 
says Carl Stork. Micro ·oft' di-
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ame o nirvana i n' t right around the cor- ments of PnP. T won ' t fully integrate 

Plug and Play w1'th DMI 

In some ways. Plug and Play overlaps another industry ini· 
tiative that promises to make PCs easier to maintain: DMI 
(Desktop Management Interface). DMI is a new standard 
proposed by the Desktop Management Task Force (Hiiis­
boro, OR), an Industry group that counts DEC, Hewlett-
Packard, IBM, Intel, Microsoft, Novell, SunConnect, and 
SynOptlcs among Its charter members. 

Flnallzed lh April , DMI Is a standard mechanism for man· 
aging PCs. servers, peripherals, and appllcatlons from the 
network level to the desktop. It should be particularly useful 
for network administrators who use desktop management 
tools to maintain and troubleshoot LANs. It supports exist-
Ing standards like SNMP as well as PnP. 

•DMI is a superset of PnP," says Shannon Gray·Voigt, 
who Is the Industry standards marketing manager for Intel and 
a member of the DMTF. "Both technologies have the same 
goal. PnP Is really a step toward DMI." 

DMI adds a layer of system software that provides con· 
figuration Information and other services to hlgher·level ap­
pllcations. It stores the Information on the computer's hard 
disk in a series of small files called MIF (Management In­
formation Format) flies. Ideally, every hardware and soft­
ware component on the system would have Its own MIFfile 
describing various attributes of the component, including 
the system resources it needs. Diagnostic tools can query 
the MIFfiles to help users and administrators solve problems. 

On a PnP system, the DMI layer can talk directly to the PnP 
Configuration Manager to retrieve information about the ma­
chine. This communication is vital, because a PnP system 
can reconfigure itself on the fly. A network management 
tool might get confused If a PC 's network card swapped re­
sources with another device and suddenly appeared to drop 
off the LAN. 

The DMTF's goal Is to put DMI services on all major op­
erating systems, Including MS·DOS, Windows 3.1, OS/2, 
Chicago, and NetWare. Apple ls Involved, too, so DMI could 
become a broad·based standard for managing heteroge­
neous networks. 

PnP unti l Cairo ( cheduled for 
1995), but it already include 

·ome foundation feature ' such 
a a y tern configuration record 
and a browsing tool ca lled the 
Registry Editor. 

A stopgap solution i · to retro­
fit MS-DOS and Window 3. 1, a 
task that Microsoft delegated to 
Lntel. Lntel ' .· Plug and Play Kit 
for M -DO and Windows . I 
is availabl to vendor . . who will 
r . II ii t users with PnP sy ­
tems and d ·vice '. The retrofi t 
offer · significant benefit s. but it 
doesn' t go a. f'ar as a full y int ­
grated PnP operating syst •m. Por 
e 1mple, th• on ly I/ bus . it 
, u pp rts a re I A, P I . and 
P M IA , and it. ability to r ­
conligure on the 11y is severely 
limited. As of now. there is no 
retrofit f r /2 2.1 or olh r p-
crating sy. tems, although I BM'. 
P -D S 6. already upports 
P M IA hot-plugging and wi ll 
add hot-do king in earl y 1995. 

A ll oft day ' s hardwar de­
vices ( in luding internal car ls 
and ex ternal periph eral s) wi ll 
work in a PnP system, but be­
cause th y arc as susceptible as 
ever to configuration problems, 
you wil l eventually need to re­
place them if you want full PnP 
flexibility . Likewi. e, curr nt ap­
plicati on software is compati­
ble wilh PnP, but any applica-
Lion s that n ed to respond to 
onfigura ti on event s (e.g., a 

communications program that 
know. when a fax modem has 
been added or removed) must b 
upgraded. The bottom line is that 
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to derive maxi mum benefi t from PnP, 
you ' ll eventually have to rep lace or up­
grade aImo..t e erything you own. 

Fortunately, PnP softens the transition 
by letting you mix and match virtually any 
combination of PnP and non-PnP compo­
nent ·. The more parts of your system you 
upgrade, the more PnP functionali ty you'll 
get. How smoothly you'll weather the mlll­
ilion depends on how quickly PnP prod­

uct · come to market, how much you've 
got inve red in current technology, and 
how , oon you can afford Lo upgrade. 

Time Slices 
" PnP i more of a long-term solution than a 
shrnt-te1111 solution," says Carter J. Lusher. 
program director of personal computing at 
the G:utner Group. " We probably won'I 
see widespread PnP product until arly 
1995. Most companie depreciate the ir 
machine on a three- or five-year cycle. 
o I don' t expect to 'ee them converting to 

PnP until late l996 at the earliest." 
ot surprisingly, Microsoft, Imel, and 

other PnP backer prefer a more optirni tic 

view. " The relea e 
of Chicago will ac­
celerate demand for 
Pn P software and 
devices, e pecially 
on hi gh-end sy ­
tems," say Stork. 
The fir t systems 
with PnP-enabled 
BIOS ROMs began 
shipping a few 
months ago, and all 
the major BTOS 
vendors support 
PnP. Pedpheral 
vendor eem to be 
moving a little more 
slowly, but the tirst 
PnP dev ices- in­
cluding a SCSI host 
adapter from Future 
Domain {Trvine. 
CA)- actually ap­

Tips for Plug and Play 

• Be sure the next PC or motherboard you 

buy has a BIOS that supports Plug and 
Play. This may take some snooping, be· 
cause PnP may not be widely advertised 
by all vendors. 

• Look for a BIOS that's stored in flash 
ROM, not mask ROM. It will be easier to 
upgrade in the future. 

• Upgrade to a fully integrated PnP operat· 
ing system as soon as it's available. If 
your computer isn't fast enough or doesn't 
have enough memory, Intel's retrofit for 
MS.DOS and Windows 3.1 is a good inter· 
im solution. 

• PnP cards and peripherals will be scarce 
for a while, but they're worth having if you 
can wait. Plan on gradually replacing your 
legacy cards. 

• Watch for software vendors to announce 
upgrades to applications that can benefit 
by responding to dynamic ru.n·time events. 

• Don't buy a notebook docking station that 
doesn't support PnP. 

there ' enough to 
gain by incrementally 
adopting PnP that it 
hould quick ly be­

come a checkoff item 
for future purchases. 
Thi i especially true 
for busines es, be­
cau e configuration 
woes directly affect 
productivity and 
maintenance cost . 
The Gartner Group ' 
most recent estimate 
put the five-year co t 
of owning a Mac at 
about I0 percent les 
than a Windows PC. 
T he difference is 
partly attributable to 
the Mac' plug-and­
play capabilitie , 
which date from ilie 

peared in 1993. ba ed on the PnP CSI 
specifications. 

Even without all tl1e piece · in place, 

release of the Mac U in l987. 
Mac users, incidentally, tend to regard 

PnP a merely the latest effort in the in ­
du try' s I0-year struggle to 
turn PCs into Macs. It eems 
to prove once again that every­
body wan ts a computer that 
works like a Mac bllt for vari ­

us r a n -, only about 12 per­
nt of them wan1 to buy th ·:1t 

computer from Apple. 
A tually, PnP can do om 

tri k that even t day ' · Mac. 
can' t d , u has hot-docking. 
Nevenh I ss, 1here i nod ny­
ing th Mnc's lead in plug-and­
play tc hn I gy, mad· p ssi­
b l chiefl y be ause Apple 
maintains rigid control over th 
Mac' sy tem arehitectur and 
system ·oftware. That · U1 ad­
vantage of a proprietary plat­
fo1111. T change om thing, all 
Apple ha. to do i end an in ­
temal memo t a dozen produ t 
managers. 

That's an versimplificalion, 
of course. But change i · much 
more difficult on the PC sid , 
where hundred or comp ling 
vendor must coord inate their 
action . The power vacuum left 
behind by TBM has largely 
been filled by Micro oft (the 
leading sy tern software ven­
dor) and Intel (the leading hip 
vendor), wiili help from Com­
paq (a contender for the title of 
leading system vendor). Like 
Border co lli e working on a 
sheep ranch, the e companie · 
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arc running hard to get everyone el e mov­
ing in the same direction at the same time. 

Resource Bottleneck 

sour ·cs. 
IRQs are ru ial to th opera­

Li n of r/0 devices, allowing them 
to send hardware incerrupt to the 

P · . Without th em, the P 
would have to continually poll J/O 
devices to heck f r activity. 
Thank. to TRQ , the d vice can si t 
idly on the 1/0 bus without con­
uming proce sing cycles and in­

1em1pt th CPU only when the 110 
dev ice needs pro c sor time. In 
P s, IRQ are mediated by PT s 
(pr g rammabl e interrupt con­
trollers) on the motherboard. 

Early P and XT had a ·in­
g le 8259A P!C chip that could 
handle eight I RQs, numbered 
IRQO-IRQ7 . lt quickly became 
apparent that eight IRQ · weren't 
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enough o IBM added a econd PTC to 
the AT in 1984, creating an arrangement 
common to all P compatibles to the pre. ­
ent day . Unfortunately this yields only 
15 not 16, available lRQs, because the 
ecood PIC is a lave that bridges to 1RQ2 

of the ma ter PT . Thi . prevents lRQ2 

from bei ng assigned to another device. 
The slave PlC al ·o upsets the priority 

as -ignments of JRQs. In PCs, lower-num­
bered lRQs are ._e rviced before higher­
numbered ones. However. because the 
!RQ on the slave PlC are cascaded onto 
IRQ2 of the ma ter PlC, the slave inputs 
(i.e., IRQ8- lRQ 15) inherit the priority of 
IRQ2, thus enjoying a higher priority than 
IRQ3- IRQ7 on the master PIC. Some 110 
devices are especially picky and demand 
high-priority IRQ , so the numbering 
makes a difference. Adding more Pl . at 
th.is point i n't feasible because it would 
di rupt the P system architecture. (See 
" !RQ Assignments in PCs.") 

If all this sounds complicated, it is. Firsr­
time PC user, who don ' t know an LRQ 
from the IRS are often thrust into thi · 
quagmire as they . truggle to in tall and 
configure their expan ion boards. Some 
boards are oftware-configurable, mean­
ing you can change their IRQ setting by 
running a etup program, but other. re­
quire you to fiddle wi th DrP switches or 
jumpers. 

IRQ are ju, t the beginning. Some de­
vice al so want a DMA channel. DMA 
grants a device direct acces to sy tern 
memory without using the CPU a an in­
termediary , Although this boo ·ts system 
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throughput. because a typical P 
has only . e en OMA channels, it 
creates another ource of con­
nict. 

ext come the L/0 port ·. The 
rivalry over this system resource 
predates the 80x86 family it. elf. 
AL lea~! a. far back a the 8080 
chip-a 1974 predecessor to the 
80x86 line-Intel CPU have of­
fered pecial in truction for 
communicating with 110 devices 
and have allowed lho e device 
to be mapped into a block of ad­
dress space that· s separate from 
main memory. 

This was a clever conserva­
tion measure in the days when a 
typical microcomputer had a few 
kilobytes of RAM. But today, 
when Pentium CPUs execute at 
peed of l 00 or more MlPS and 

computers have megabytes of 
RAM, the scheme leads to mad­
dening con. traints on the way 
110 space is allocated. 

To communicate over the bu 
each l/O device needs to reserve 
some addres. l cation , kn wn 
as l/O port . (The e pons are not 
robe confused with physica l 
ports. su h as parallel and serial 
conn ·clors.) Because only 16 ad­
dress lines arc used to ac ss 1/ 
devices. the total address space 
avai lahl ·for 1ho: p rl. i · 64 
KB . The original 8-bit II bus 
in P s and XTs made this even 
wors • by d ·coding only I 0 or th bits on 
tho~ 16 lines, 1hus reducing the 1/0 ad­
dress space to I KB . And the first 256 
byt s or that I KB of address space are re­

. 

it 

to 

v 

mapped to the remaining 768 
byte . 

ln 1984, IBM' AT extended 
the architecture with a 16-bit 1/0 
bus and allowed devices to de­
code all 16 address line . Theo­
retically, this liberated the 63 KB 
ofI/O addre s space ignored by 
the original architecture. Unfor­
tunately, to maintain compati ­
bility with older devices that 
don t recognize l 6-bit addresses, 
mo t of Lhat memory is off lim­

, and what left i s scattered 
around in 256-byte fragments. 
Even I/O bu ·es that came later 
and were designed for 16-bit ad­
dress ing from the start (e.g., 
EISA, VL-Bu ·, and PCl) must 
deal with these fragments to pre­
serve backward compatibility 
with ISA card . As a resuJt. l.10 
devices in today's PCs continue 

quabble over tiny crumb of 
bytes, even in systems that have 
many megabytes of main mem­
ory. (See " 1/0 Address ing in 
PCs.') 

You ca n map device drivers 
into main memory instead ofl/O 
memory, but rhat causes head­
u h . . t o. p'rating sys1cms 
like S that rnn in 80x86 r ·al 
mo le arc normally limited to I 
MB lf addressable memory. and 
only 640 KB is so-called con­

ntional memory. This spac 
an bccom so ovc rpopulat 1.:d 

s rvcd for motherboard d vi s. Barring with driv rs and TSRs that . omc appli ca­
th u. of a Lrick < r two that I 1 you gain a ti ons hungry for con enti onal m mory 
few extra noncontiguou bytes, all the 1/ won ' t run at all , n mat1 er how much 
pons on the CSA expan ion bu had to be RAM i free cl ewherc in the system. 

('()ll /i111 11!d 

What They're Saying About Plug and Play 

HPnP will help us build our sys­
tems better, build them more quickly, and 
have more confidence that they'll work 
properly when delivered to the customer. 
Horne users should be able to buy an ac­
cessory, take It home, install It them­
selves, and get It to work the first time. It 
will let them expand their systems without 
fear."-Mark Clauder, product manager 
for Compudyne products at CompUSA 
(Dallas. TX), which operates 78 super­
stores throughout the U.S. 

"There 's a crying need for PnP, no 
doubt about that. This Is why the Macin­
tosh is still popular, and why so many 
people who get their hands on a Mac 
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never want to go back to a PC or Win­
dows. "- Carter J. Lusher, program di­
rector for personal computing, the Gartner 
Group (Stamford , CT) . 

"PnP will probably eliminate about 20 
percent of our [technical-support] calls, 
but we still get about 60 percent of our 
calls from people who don't understand 
much about the software of networking. 
We spend lots of our time helping people 
configure their software, llke Windows for 
Workgroups or LANtastic. It's not really 
our problem, but you can 't tell people 
that or they get really upset."- Fred Thiel , 
vice president of marketing and sales, 
Alta Research (Deerfield Beach, FL), man­

ufacturer of the first PnP-ready ISA net­
work adapter. 

"I certainly think a move away from the 
ISA bus would be a win , but our success 
Is not gated by that. "- Carl Stork, direc­
tor of Windows hardware programs, Mi­
crosoft (Redmond, WA). 

"We will have full support for PnP in 
OS/2 at about the same t ime Microsoft 
does [in Chicago]. And we have a 32-bit 
operating system that's stable and has 
been out there for several years. "-Lois 
Dlmpfel , director of the Boca Raton Pro­
gramming Center, IBM Personal Software 
Products. 



6 lbs. of LaLirude' or 5.9 lbs. of 
Latitude XP and you Till ger 
over 500 megs n(harJ Jrive 
spact: anJ 32-bit local 

bu video on the road. 

82799 
BU INE S LEASE: $104/MO. 
• 9.5" DUAL SCAN ST COLOR 
• 4MBRAM 
• 524MB HARD DRlVE 
• $99 SECOND BATTERY (REQUIRED 

FOR 8 HOURS OF POWER) 
• I-YEAR WARRANTY 

ORDER CODE #600014 

To Order, Call 

800--545--6098 

In Canada; all 00-668-3021 

Mon-Fu 7nm-9pm CT• Sat 10nm-6pm CT• Sun 12pm·5pm :r 

In MrncnOty,' C.11 800-228-7811 


IKeycode#llEBT I 



Resource Rationing 
PnP attempts to bring order out 

ystem re ources 
ct 

es to take care of 

......: 
­ -

of this 
mess by apportioning 
according to a complex but consistent 
of rules. As is the case with welfare re­
form, PnP also promi 
the tru ly needy firsr. 

fn thi. case, the truly needy are so-called 
legacy devices- those that 
don·t . upport PnP. Another 
paradox? ot really . Leg­
acy device often require 
u er to select IRQs and DMA chan
nels by changing DlP switches and 
jumpers. Once they' re adjusted, those set­
tings can't be changed without taking the 
computer apart and monkeying with con­
trols that are smaller than your finger ·. 
Too often, the result is what's referred to in 
the industry as a ··negative user experi­
ence." So PnP gives legacy devices first 
dibs on sys tem re­
sources and triel to fit 
everything e lse 
around them. 

The de gree 
which re ources are 
rationed greatly de­
pend on which com­
ponents in your sys­
l m are PnP-aware. 
There arc num rous 
combinations, and lh 
most likely ncs are 
summ ari z 'd in the 
table nn pag 0. Th 
prime compon nts in 
thi s process arc th 
Bl Sand the< pemt­
ing sys! m. ( cc 
" How Plug and Play 
Works.' ) 

If the BIO sup­
ports PnP, it tries to 

nfigu r the system 
first. If ii succeed. , 
you' re home free. If 
th e BIO rai ls, it 
hands off 10 the oper­
ating sys tem . I f the 
operating system up­
pon PnP, it fini shes 
the job or L ll s you if 
a conflic1 can't be re­
solved with your ur­
rcnt setup. 

If th e operating 
system doesn' t sup­
port PnP, you must 
pick up where the 
BlOS left off. Al the 
minimum , a PnP 
BLOS will auto-con­
fi gure 1hrce dev ices 
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at boot-up lime: an input device (typically 
the keyboard controller), an output device 
(typically the video controller), and an ini­
lial program load device (typically the hard 
drive that hold · th operating system). The 
PnP BJOS al ·o configures motherboard 
devices (e.g. the PIC the OMA controller, 

and the floppy drive con­
troller) and maybe olher 
dev ices as well. (See 
"Building a Beuer 
BIOS" on page 92.) 

Tf your system has a 
legacy BIOS (no sup­
port for PnP), you can 
still gai n by upgrad ing 
to a PnP operating sys­
tem- either one that ' 

fully integrated (e.g., 
Chicago) or the retrofit solution 

for MS-DO and Windows 3.1 . 
lo ei ther case, a new layer called Config­
uratio11 Manager doe its best 10 config­
ure any PnP device in the sy ' tern and 
minimize the chances that you' ll have LO 
manually edit any configuration files. such 
as CO FIG.SYS or WIN.TNT. 

lo going about its business, Configura­
tion Manager ca ll s 
up n new sys tem 
software components 
known a bus enu ­
merators, as well as 
the resource arbitra­
tor. Bu enumerator, 
are drivers that check 
each T/O bus to see 

re · urcc arbitrator. 
Th resource arbi tra­
tor mploys sophi s­
ticated algorithms 10 

balan e the needs or 
all the devi ·es, grad­
ually building a hier­
archi cal configura­
tion table ca lleu the 
hardware tree. 

Jf the re ourcc ar­
bitraLOr can ' t con fi g­
ure everythin g. the 
last resort is new util­
ities that he lp you 
identify and so lve 
confi guration con­
nic1. . rntel's upgrade 
kit for MS-DOS and 



DELL LATITUDE xr 

INTEL DX4 ?;MHz 


83699 

BUSINESS LEA E: $134/MO. 

• 95' DUAL SCAN STN COLOR 

• SMBRAM 


• 524MB HARD DRIVE 

• 3-YEAR WARRANTY 


• NE\VJ UTHJUM ION BATTERY 

ORDER CODE #600013 


5 different ways how, 
technically speaking, we gi\·e 

you 8 hours of battery life. 

1. Latitude XP is powered by 
a new Litluum lon battery. 

You get up to 10% more 
power for the same weight 

as NiMH batterie ·. 

2. Dell has created the ·mart 
Lithium Ion battery- a 

battery with built-in 
microprocessor and indicator 

light to keep you aware 
of availahle power. 

3. Latitude XP's mart CPU 
dynamically adjusts energy 

con umpt ion ro the 
specific software 

application being used. 

4. With our ea y rn 
us · Windows power 

managl'llll nt , you Gin 
chou~c from 4 pre-. ' t 

k·vds <II' crcal t' your 

own nNom ~ ·u ing~ . 

5. Our Lithium [,m 
batt<:ry b you 

fast charge your b:mcry 
anyt im<: wid1,1ut 

thl' ml·mory d°fl:cl , c11mn1l1n 

tu N 1MI 1 hat writ's . 

ToOrdcr, nll 

800--545--6098 
In ~anada; nll 00-668-3021 


Mun·Fri 7,.,n ·9pm CT• &11 IOam0 6pm (.1"• Sw1 llpm 0 5pmCT 

In M.x•tll Ci! y~ Call 800-228-7811 


IKcycode #UEBU I 



Windows 3. 1 includes a program ca lled 
the ICU ( ISA Configuration Utility). Some 
PnP BIOS vendors offer sj m.ilar uliUtie , 
uch a PnPView from y temSofl ( a­

tick. MA) and Phoenix System Es. ential 
from Phoenix Technologies ( 1orwood , 

MA). Likewise, Chicago wi ll have a built­
in tool that 's called Device Manager. 

Although you ·till might have Lo take 
the computer apart and play with DIP 
witches on legacy devices, these utiJjties 

will offer some guidance by informing you 

how resources are allocated and which re­
sources are available. That alone is a big 
improvement over the current method , 
whjch relies heavily on trial and error. 

When the configuration process i com­
plete, the information in the RAM-ba ed 

THE ROAD TO PLUG AND PLAY 
What You Get 

Dynamic configur11tion of hardware, drivers. arid appllcallons•: lnclu(le$ the previous 

ASSISTED AUTOMATIC AUTOMAllC DYNAMIC DYNAMIC CONFIGURATION 
CONFIGURATION CONFIGURATION CONFIGURATION OF CONFIGURATION OF OF HARDWARE , DRIVERS, 

What You Have OF HARD WARE OF HARDWARE HARDWARE AND DRIVERS HARDWARE AND DRIVERS AND ·APPLICATIONS 

Non-PnP BIOS, 
non-PnP operating system, 
non-PnP devices, 
non-PnP applications 

No No No Ne No 

PnPBIOS, 
non-PnP operating system, 
non-PnP devices, 
non-PnP applications 

No Boot devices 
only• 

No No No 

Non-PnP BIOS, 
PnP or retrofitted operating 
system, noh-PnP devices, 
non-PnP applica1ions 

Yes No No No No 

PnPBIOS, 
PnP-retrolitted operating 
system, non-PnP devices, 
non-PnP ai:>plicalions 

Yes Boot de.vices 
only' 

No No No 

PnP BIOS; 
PnP-retrofltted operating 
system, some PnP devices, 
non·PnP applicatlon.s 

Yes PnP de.vlces 
only 

No No Ne 

Non-PnP BIOS, 
PnP or telrofltled operating 
system, some PnP devices, 
non-PnP appllcatlons 

Yes PnP nonboot 
devices 
only" 

PnP nonboot 
devices only 

(with PnP operating system) 

PCMCIAonly 
(with PnP operating system) 

No 

PnP BIOS, 
PnP-retrofltted operallng 
system, PnP devices, 
non-PnP applications 

Yes Yes.. No No No 

PnP BIOS, 
PnP-retrqlitted operallng 
system. PnP devices. 
PnP applications 

Yes No No No 

PnP BIOS, 
PnP operating system, 
some PnP devices, 
non-PnP appllcatlons· 

Yes PnP devices 
only 

PnP devices 
only 

PnP devices 
only 

No 

PnP BIOS, 
PnP operating system, 
PnP devices, 
non-PnP applications 

Yes Yes Yes Yes No 

PnP BIOS, 
PnP operating sysrem, 
PnP devices, 
PnP applications 

Yes Yes Yes Yes Yes 

• System devices on motherboard that aro PnP·aware. 
•• Aetroflttod OS SuPPOl1S ISA, PCI , and PCMCIA devices On ly, 

"Dynamic conllgura.llon of hardwaro and drlveis": lnotudes Ille previous category, plus 
the capability of on·lhe·lly recohfigura1ion Without user lnferve11tlon or rebooting. 

' Tue leh·l111nd cqturnn shows typical system conflgur11hons for users making tho 
transition to I>lug anti Play. category, plus the ability of a~pllcatlon software to respond to dynamic events. 

'PnP BIOS'" Plug and Pl11oy BIOS. 
to allocate system resources manually and reboot the computer. 'PnP OS' =Operating system such as Chicago that feature lull PnP Integration. 

'Automatlc~nfigurahon of hllr'dware"; The system conllgures motherbOarcf devices, 'PnP-retrolltt!ld OS':Oper'ating system with PnP extensions, sucli as MS· DOS and 
expansion boards, and peripherals during boot-up without user intervenflon, unless Windows 3. 1 with Intel's Plug and Play Kit. 
lt\ere's an unresolvable·confllcl. 

'Assisted oonllguratlon of hardware": Tue user gets some help from a utility but .stlll has 

'PnP devrces• "' ExpallSion boards and peripl\emts that support PnP. 
"Automatic conffgurahon of hardware and drillers·: Includes previous categQry, plus the ' PnP applications"= Appllcalion software that can respond to PnP ev.ents. 

capability of automatically loadIngand settfng up deI/ice drivers without manually 
editing CONFIG.SYS. 
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DELL LATITUDE XP 
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In Mexirn Cit1·: Call 800-228-7811 
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The next time you boot up, the PnP 

BIOS or Configuration Manager can 

survey the computer . tatus and com­

pare it with this registry to ee if any­

thing ha! changed since the last ession. 

Tf there's no change, the system contin­

ues booting up normally. Otherwise, the 

configuration process begins anew. 


Now it's apparent wby you'll eventu­
ally want to replace your legacy devices. 
The more of the e device. in your system, 
the less fl exibi lity is enjoyed by the PnP 

BIOS and Configuration Manager. Be­
cause boot-up and legacy devices get the 
fir. t crack at system resources, any de­
vice that boot up later must make do with 

whatever resource are left ver. And . ome 
devices are very particular about lhe re­
source they need. 

Although the PnP configuralion process 
is complicated, remember that a lmost 
everything happens in the background­
e. pecially i_o an up-to-date sy tern with a 

PnP BIOS a PoP operating system, and 
PnP devices. Ideal ly, the machine 
will boot up in a minute without 
any intervention on your part, even 
when you've altered the configu­

ration. fn a worst-case scenario, you 
may have a partial PnP system with 
everal legacy device. whose con­

fli cts cannot be resolved, forc ing you 
to take manual action. 

Upgradi ng to a full -Oedged PnP 
sy tern will reduce such headaches. Al ­
though Intel's upgrade kit fo r MS-DOS 
and Windows 3. 1 is a good solution for 
the interim, it will never offer the same 

Building a Better BIOS 

K ey to the success of Plug and Play is 
the BIOS (Basic Input/Output System), 
which is primarily responsible for boot­
ing up a PC compatible and handling low­
level device 1/0. Without the BIOS cor­
nerstone, even a fully PnP-lntegrated 
operating system like Chicago cannot pro­
vide hassle-free system configuration . 

The BIOS Is a historical holdover from 
the days when hard drives weren't avail­
able for PCs and even floppy drives were 
optional. Some mechanism was needed 
to bootstrap the system before a higher­
level operating system loaded, and the 
solution was to store some low.level <;ode 
In ROM chips on the motherboard . By 
some accounts, Microsoft would like to 
see the BIOS vanish from the PC archl· 
tecture altogether. (Programmers in Red· 
mond have reportedly been spotted wear­
ing T-shirts with the slogan "BIOS? We 
Don 't Need No Stlnkln' BIOSI ") But short 
of redefining the PC platfonn, the BIOS will 
be around for a while longer. 

To accelerate the rollout of PnP, Intel 
has been supplying a set of PnP exten­
sions to BIOS vendors . This kit makes It 
easier to get a PnP-ready BIOS to mar­
ket, while still leaving room for vendors to 
differentiate their products. As usual with 
a BIOS, however, you probably won't per­
ceive much difference unless something 
goes horribly wrong. 

In a PnP system , the BIOS is mini­
mally responsible for booting up mother­
board devices like the DMA controller and 
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the PIC (programmable interrupt con­
troller), as well as an input device (typi· 
cally the keyboard controller), an output 
device (typically the video controller), and 
an initial program load device (typically 
the hard drive that stores the operating 
system, alt11ough some mol;llle computers 
might boot up the system software from 
ROM or a PCMCIA card) . 

Due to gray areas In the PnP specifi· 
cations , what happens ne1<t Isn't clearly 
defined. If the system has a PnP operat­
ing system as Chicago will , Microsoft 
would prefer to see the BIOS bow out at 
this point and let the operating system's 
more sophisticated arbitrators take over. 
But some BIOS vendors are going a lit· 
lie further, Incorporating simpler routines 
that try to configure all other devices in 
the system. That's desirable for PCs with· 
out a PnP operating system. But if there 
Is a PnP operating system, the BIOS might 
leave the machine only partially config­
ured and limit the operating system's op­
tions for resolving the problem. Unfortu­
nately, the current PnP specifications 
don't define a way for the BIOS to know If 
a PnP operating system is going to run . 

"PnP is a really complex technology, " 
explains Albert Sarale, senior marketing 
manager for advanced technology at 
Phoenix Technologies (Norwood, MA), the 
leading BIOS vendor. " If we try to solve 
every problem in the PC industry the first 
time around, we'll never get anything out 
the door." 

Phoenix shipped its first PnP-ready BIOS 
early this year, and it's already appearing 
in new systems from NEC and Gateway 
2000. Like most major BIOS vendors, 
Phoenix offers Its PnP BIOS In a flash 
ROM, as well as a conventional mask 
ROM. Flash ROMs are rewritable, so If 
the BIOS ever needs upgrading, the sys­
tem vendor can distribute a simple flash 
upgrade program on a floppy disk. The 
only way to upgrade a mask ROM Is to 
swap chips. 

Adding PnP to a BIOS Isn't a trivial task. 
For the sake of economy, everything has 
to flt Inside a single flash ROM with 1 
Mb (128 KB) or memory. SystemSoft (Na­
tick, MA) says its new PnP BIOS Includes 
the regular system BIOS (about 64 KB), 
PCI (Peripheral Component Interconnect) 
extensions (10 to 12 KB) , power man· 
agement (2 to 10 KB) , and PnP support 
(12 to 16 KB) . Computers with an on­
board VGA controller (mostly notebooks, 
but also some desl<tops) require an ad­
ditional 32 to 40 KB of BIOS code. If 
there 's any room left, BIOS vendors want 
to make it available as nonvolatile storage 
for PnP configuration information. 

SystemSoft's solution is to compress 
the BIOS code to conserve space In the 
flash ROM and then decompress the code 
and copy it Into shadow RAM during boot­
up. Other BIOS vendors also take this ap­
proach. SystemSoft began shipping its 
PnP BIOS in February, and the first sys­
tems should be available now. 
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Logltech Bue Mouse 
Logltech Soundmen 16 Multl-Medle Adepter 
Media Vision Thunderboerd Multl·Medie Adepter 
Microsoft Bus Mouse 
Microsoft Windows Sound System Multl-Medie Adepter 
Mltsumi CD-ROM (fXOOl OJ ... .. 
Oak Mozart Audio Controller 
Sony CD-ROM 
Sound Blaster 16 Multl-Medle Adeoter 

Interrupt PRO): OMA: Memory (he><J: l/O Porta (hexj: 

DO I I 
r ---------! 

"'"'""'"•"'H" 
Syatem Reeoun:ee 

Sound BIHier Pro 

DMACh1nnel DMA1 Nol Shared 
l/O Port 22XH 
FM Synlheelzer l/O Port 3Hli-389H 

J"""tlclcPort Enebled 

Olt 

cast messages of dynamic events 
to all running applications and it 
can also load and unload driver 
a their a sociated devices come 
and go thus maintaining only the 
minimum working set of diivers 
in RAM . Without resorti ng to 
tricky hack , MS-DOS (a nd , by 
extension, Windows 3. 1) mu . t 
load its drivers during boot-up to 
avoid conflicts later on. Tn fact. a 
anyone who ha wre tled with a 
CONFIG.SY file know s, DOS 
can be very stubborn about the or­
der in which device dri ver load. 

Aexible System 
The ab iLily of a PuP ystem to 
morph itself in respon se to a wide 
range of dynamic events i in tune 
with today 's increasingly flexible 
work force. Outbound ale peo­
ple and telecommuters who visit 
an office once a week cottld dock 
their notebooks or plug into a net­
work without a econd thought. A 
worker with a PDA (personal dig­
ital a istant) could stroll into a 
room and instantly print a docu­
ment via an infrared link to a PnP­
nwar desktop syst m. U ·en: cou ld 
share a si ngle fox m dcm or LA 
adapt r b tween th ir nol bo k 
and desktop m ' r ly by ·wapping a 
P M IA card ba k nnd f rth. 

Indeed, PnP and h I-pluggable 
I/O bu s are con idcred k y tech­
n logi s in Lh never-ending qu •st 
to turn P s into onsumcr appli­
ances. " ur cu ltu re i. uch that 
w 're alway · warned against pen­
ing Lh back of any elcctr nic ap­
pli ance, including our $300 TV 
and V R." says Timothy aponas, 
Int I' manager for desktop ease 
of u e. " If people aren' t comfort­
abl op ning their $ 00 TV to 
hang pa1t , are they going to be 

comfortable op ning their $2000 
computer? I think not." 

PnP functionality as a fully integrated devi es while the computer i 111nning. To 
BIO and operating system. A true PnP cope with thi s, the operating y tern mu. t 
s stem offers PnP support for every 1/0 juggle system re ource and device driv­
bus and port, with provisions for ea. ily in- er without unduly pestering you. More­
orporating new bu es in the future. ver, the operating sy tem hould be able 

to pass me sage about dynamic event to 
Change on the Fly applications, which in i-um hould be ca­
Dynami configuration i perhap the mo t pable of responding appropriately. 
exciti ng benefi t of full PnP integration. Retrofitted sy tern s ft ware just isn ' t 
UnLil recently, lhi wa n' t a factor, b - that ver at ile. It doe n' t pas · messages 
cau e few l/O bu es allowed hot-plugging. about dynamic events, and it lacks t.he dex­
But newer buses like PCMClA and P 1394 terity to juggle device drivers in memory. 
actually encourage you to add or remove Chicago, on the other hand, wil l broad­
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PnP i a ignificant tep fo1ward 
s. Painles. configuration when in­

stalling new hardware and ftwa re i long 
overdue and really does litt.le more than 
drag PCs. kicking and screaming, into the 
1980 . But the abi lity to dynamically re­
configure a sy ·tern to keep pace with active 
u er ·-although still in its infancy-hints 
at what li es ahead in the late 1990s and 
beyond. • 

Tom R. Half/ii// is a BYTE senior new.I' editor 
based in San Mateo. a/ifomia. You can reach 
him 0 11 the lnterne1 or BIX at tlwlfhill@bix.com. 
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# ] in the independent 

VeriTesr Steeple hase 


Battery rest: 

ln fact, the Dell 


Latitude XP Je 1royed 

I he previous bauery 


Iifo record by 

almost 5 hours. 


New record 
f)d/ Latit11de XP 50 111, '\TN 

\tcl!pledwse : 17 /witr\ , 5 mmwcs 

1y/>1rnl v~·n ft•scS1cqilcdwsc Hes11/rs'­
/Te, tin~ will1 /10-t1,•1 m111111~eme 111 . cowl 1'ctttcry 

/if,•u1ill t•my with ·nu/1g1mH10ll llHtl 11rn~ './ 

/1n. mim 
urnpaq omum 4/25 · ( L/25 ) passive 4: 2 
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IBM Think Pad 500 (486/slc) mono 6: 0 
JBM ThlnkPnd 5 ( L/25) passive 8:50 

12:07 

NEWRE RDS: 
Dell Larirud , 2 batteries DX2/50 STN 12:15 
Dell Latitude XP DX4/l00 TFT 14:48 
Dell Lacitud · XP DXZ/50 STN 17:05 

External expansion 
via our Advanced 
Port Replicator 

mearu your Latitude 
XP turn into;; 

desktop when you get 
back ll) Lilt' o(fi e. 

Hot wappable 
Type II and IH 

PCMCIA slots ancl 
Dell configuration 

software let you 
1,1ap most PCMCIA 

g die · ar will. 

19mm Integrated 
Trackball with 

pal• rest work:- i11 
1a11dl'l11 w11h XI'\ 
folJ duwn lcct ~o 

your hands cm r .,, 
e.1~\· while they're 
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mean faster video 

performance. 


Swappable hard 
drives make it ea y 
to share a Latitude XP 

without having 
to share all your files . 
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INTEL DX4 75MHz SYSTEM 
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major RAM, we offer 
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• -YEAR WARRANTY 
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CONNECTING NETWORKS 

When you want to link one network with others, you're going to need some heavy-duty connectivity. 
ATM, digital switching, and ISDN are among the candidates you should consider. 



T wo copies dominate the networking 
arena today-ATM (A ynchronou 

Transfer Mode) and witchjng. You could 
argue of course, that becau e A TM is a 
switching technology, it i sub urned under 
the general switching umbrella. Practically 
speaking, however, ATM is such a power­
house that it deserves a category unto itself. 

ATM i nothing more than a compro­
mise designed to handle two conflicting 
types of applications and data. The fir t j 
regular old data communication -you 
know, the type of communications traffic 
generated when you hitch together geo­
graphically eparate LANs. Such traffic is 
characterized by it bur ty nature and con­
equem varying bandwidth requirement . 

Experjence has shown that uch traffic is 
be t handled by shoveling the data into 
packets of varying-and normally large­
sizes and transporting them via ·ome son 
of switching matrix. 

The second type of traffic A TM must 
contend with is the high-volume data re­
quired for multimedia applications such 
as voice and videoconferencing. Tills traf­
fic ha traditionally been handled by ded­
icated conne tion.: You dial a phon • num­
b rand s me n • answer. , establi. hing a 
connc tion. onnections arc much more 
pred ictable in th •ir bandwidth require­
ments than ar pack Liz d data ommuni­
·ation., and they also in lud a r al-lime 
character that is normally ab. ent fr m data 
c mmunicalions. imply put , if you can' t 
m vc that video data fas t enough to re­
con truct a sustainable signa l n th rc­

·iving end, you ' re hosed. Dedicated cir­
cu it s arc the b st way to handle su h 
real-time data, but they arc xpensive to 
operate. 

Enter ATM . As wi th traditional data 
communicat ions, it i, pa ket-based, al ­
lowing it to handle bur ty trafli . Unlike 
most other data packets, the A TM packet 

i a fixed-length cell containing 5 header 
bytes and 48 bytes of data. (In compari­
son, X.25 packet can con ist of several 
thou ands of bytes.) The fixed and pre­
dictable packet length makes it po ible to 
witch ATM ce ll in hardware-there's 

no need for each witch to par e the con­
tent of every packet. Tbe fast hardware 
switching al lows A TM networks to main­
tain the high data rates that are required to 
upport connectjon-oriented data and ap­

plication in a switching environment. 
ATM isn't the best of both worlds­

standard data communications works best 
with Large packets, while real-world data 
types prefer dedicated connection - but 
it i the best avai lable compromi e. The 
hype is not just hype; ATM is a t uoami 
that will transform the face of network­
ing. To find out when and where the wave 
will break, read Peter Wayner' article 
"On the Road to ATM ." 

De pite it wonders ATM presents one 
intriguing difficulty: its name. What are 
people going to call all those user-un­
friendly machines that ilispen e cash at all 
hours of Lhe day and night? 

Mammals into Dinosaurs 
Network+lntero1 is the mo. t important 
networking and data comm unica tion 
trade sh w n th planet. Wh ile au ·nd­
ing the June g Hogether in Las Vega , l 
heard a number of people refer to the need 
LO "upgrade I gacy AN " or " integrate 
I gacy LANs into fu tur networking ar­
chitcctur s." Ex u e me, but i n ' t th t rm 
legacy an adjective you u. e to de ·crib 
lumbering mainrrame · and ar haic SNA 
( y. tern Netw rk Arch itectur ) imple­
mentation ? When did Elhern t bee m 
a dinosaur? 

uch questions brought b nign (conde­
scending?) smiles from the networking 
cognoscenti, who patiently explained th 

On the Road to ATM 
ATM is the best compromise 
between constant speedand 
bursty traffic ....•... •103 

LANs Make the Switch Digital Remote Access 
Three architectures for today's New digitalphone services are 
LAN-ready network-switching finally becoming available to 
devices.....••. ..•.••• 113 linkLANs •••• ••• •••..•125 

hortcomings of today ' LAN technology 
in the face of tomorrow's multimedia ap­
plications. No need to rip out uch legacy 
systems, I learned with relief; there's noth­
ing wrong that a liberal do e of switching 
can' t ee you through. John Bryan explains 
it all in "LA s Make the Switch." 

ISDN, Anyone? 
The more organizations depend on LAN , 
the bigger become the is ue of how you 
provide remote access to LAN ·ervices. 
Jeffrey Fritz-who in real life provide 
networking service to thousands at West 
Virgi nia University-<liscusse in the ar­
ticle 'Digital Remote Acces " how digital 
technology is bei ng brought to bear on the 
problems of remote access. Remember all 
tho e "Year of the LAN" proclamations 
during the la t decade? Soon. someone is 
going to have to declare a "Year of !SD ." 
It looks like it ' finally going to happen. 

Digital services are becoming more ac­
ce ible and ubiquitous, but analog tech­
nology (i.e., modems) also has much to 
offer in the remote-acces realm. For ex­
ample, at Networld+fnterop. Dayna om­
munications annou nced a new rcmot ­
a c ss s rver that u. e P M IA modem. 
to connect the ou tsid' world with Apple­
Talk- and , o n lPX and T P/JP- net­
works. P M IA technology eases physi­
cal conligura1ion probl ms and provides 
hot-swapping 10 boot. 

elup times make ana log so lutions in­
appropriate for LAN-to-LAN connection. , 
but th 111 dem still ha · its place in si ng! ­
user a cess t LA s. Given the advan e of 
digital technology. however I wonder how 
long it wi ll b b fore 1 stan heari ng solu­
tions to th problem of "legacy m dems"? 

The Collapsing Backbone 
Th net effect of the new and evolving 
netw rking technologies described here is 
di ffic ul t to predict in the hort run. er­
tainly, there wi ll be onfusion a router 
vendors, uch a isco System , invad 
the hub arena, and hub vendor. , such a · 

ynOptic Communications, get into rout­
ing. ATM simply adds another flavor of 
pice to these mixtures. 

The long-term picture is c learer. The 
intemetworking functions you need to per­
form will increasingly take place in a sin­
gle box. Your multiprotocol network will 
be multiprotocol in one pl ace only, the 
switching hub, thus making your network 
backbone more accessible and manage­
able lban ever. • -Bob Ryan, Senior Editor 
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With its ability to move large blocks of data quickly, ATM brings networking nirvana a step closer 

PETER WAYNER 

F or the last several yea rs, the net­
working world has been promising 

the average PC user that networks sporting 
ATM (Asynchronous Transfer Mode) 
would provide the tantalizing option of 
"bandwidth on demand." But no matter 
how often each of us said "Please," it was 
till hard to find and buy , uch systems. 

This is quickly changing. The manufac­
turers of routing witches and N!Cs (net­
work interface cards) are rolling out prod­
uct after product. The major providers of 
Jong-distance network infrastructure- in­
clud ing AT&T. MCl , and RBOCs (re­
gional Bell operaring compani es) like 
Ameri tech- air· ady b, vc limited ATM 
networks operating or in the linal stages of 
testing. learly larges m nL of the net­
work world b liev• that ATM is the mer­
ald ity- and they need to get there fas t. 

But the journey LO a fully functi nal, 
ATM-ba ed network that link . computers 
throughout the count.ry will take years to 
complete. Although the lestination sound. 
clear and most of the stand ards are et. 
many details arc sure to chan as rnm­
panies defi n i11 11ractice the capabi lities 
they will actually build into the ATM in­
fra truclllrc. Th ' serv ice providers, hard­
ware manufacturers, and users (e.g .. LAN 

perators, WA Iwide-area network I op­
erators, you, and I) are dancing a compli ­
cated jig, and no one is tak ing the lead. 
Vendors are trying to judge how mu h 
bandwidth LO offer and how many features 
will be in demand, whil users arc trying to 
figure out just how much they need to buy. 

ln the end, the interaction between the 
network-. ervice providers and users will 
define the overall hape and cost structure 
of the ATM-ba ed net work. Although the 
same ba ·ic standard protocol wil l unify 
the entire network , there will still be sig­
nificant differences in what wi ll be avail­! abJe. Some service providers will invest 

§ heavi ly in an approach that might be more 
~ suited lo. say, tran ·milling video, and thi 
g will let them offer that service relatively 
(/) 
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ch aply. Others wi ll invest in another ap­
proach that might allow them to price asyn­
ch ronou data, such as -mai l, at a bar­
gain-ba emcn1 price. Everyon i · guessing 
about th right mix of product and ser­

ices and hoping thnt their hardware wi ll 
match the market' · futur ·needs. 

The wide-open nature of the market. 
coupled with the regionalized structure or 
the 1 hone bus iness. means that you may 
we ll ec a fragmented market that wi ll 
seem strange I vcryone used to the mod­
ern homogen ity that has been brought by 
worldwid corpora ti ons such a. oca­

ola. ome servi es may end up being 
less expensive in Los Angeles than in ew 
York. simply because the local phone com­
panies make different choices when they 
install their switche ·. These ki nd. of dif­
ference on the information hi ghway will 
make life, al the very least, exciting for 
network managers trying t optimize their 
deci . ions. However, the differences are 
bound to mooth out after a few year ·, as 
everyone begins to get firm ideas on which 
ATM services will sell successfu lly. 

The companies that manufacture the 
·witches and router used by LA sand 
WANs are hedging thei r bee. . They stress 
the flexibility of their machines and u e 
eductive terms such a tariffarbitrage to 

imply that users will be able to rework 
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their netw rk s heme · to use th least ex­
pensive ·ervice availab le. This fl ex ibility 
is one of the best featu res of ATM, even 
though u. ers may grow Lo hate the arrny of 
·hoices that thi s freedom brings. 

The b ttOm line i · that us rs wi ll need to 
pay auention to the details and make many 
choi e. aboul bandwidlh, typ s of service, 
and other protocols. The one rea l advan­
tage of ATM is that all the modern net­
work-interface devices are dri ven by so ft ­
ware, and it will often b' easy 10 witch 
protocols just by wit hing s ft ware. 

At the Desktop Level 
For the time being, mo ·1 of the ac tion wi ll 
be confined 10 network · installed in single 
office and on c rporat campu:es. The 
swi tche , LAN onverters, and interfa e 
cards that you need to set up a local A TM 
network are available today. You may have 
trouble finding ofiware that would make 
it possible to u e all the nea1 features, . uch 
a. real -time video, but thi s is certai n to 
change by the middle of 1995. 

LAN admini . Lrator will have tw o 
choices: They can retrofi t old networks 
with clever hardwar that link ' the old 
LAN to A TM clients out ide the LA , or 
they can build new networks. ew ATM 
LANs let u ers manage large amounts of 
bandwidth withou1 overloading the net­

work, but it cost much more for new ca­
bling, interface cards, switches, and soft­
ware. Retrofitting is cheaper and easier, 

because you can reuse old cable, 
card , and oftware, but it does 
not provide much of the superi ­
or perfo1T11ance of A TM. Tt allow 
interoperability, but perfonuance 
is limited by the old LAN. 

The first groups to adopt local 
ATM networks will be . mall workgroup 
that need to move large blocks of data . 
Many ATM network manufacturers cite 
Wall Street traders and eismic prospectors 
at oil companies as prototypical examples. 
These workers need to move large amounts 
of data quickly. The oil companies, for in­
tance, like to move large numerical im­

ulation of drill ite · to graphics work ta­
tions, where they can vi ualize the data. 
A TM networks are among the few solu­
tion that offer this much raw bandwidth. 

The prices for mall network like the e 
are dropping. A ba ic A TM network Link­
ing about 15 workstation cost about 
$ l500 to $2000 per desktop machine for 
the interface card, and about $20,000 to 
25,000 for the central switch. Many man­

ufa turers are already in thi market (see the 
text b x " elected ource for ATM Prod­
ucts"). Thi s network would run over 5 
twisted-pair wires and deli ver 155-Mbps 
bandwidth to each machine. ervers would 
pr bably be al located even more bandwidth 
be ause of their naturall y higher demand. 

Prices vary widely d pending on the 
need for addi tional features and perhaps 
for di ffcren l interface electronics. One sig­
n i f i ca nt differen ce between interface 
boards i · in the am unt of on- ard buffer­
ing th y prov ide. nder ATM, the mo 'l 
time-consuming task is breaking up every 
u·ansmission into standard 53-byte packets 
and then reassembling them on the other 
end. ome interface ards rely on the host 
proce. sor to do this work and save money. 
This avings, though can be a fa lse econ­
omy. because heavy network traffic can 
easi ly bog down a workstation by requir­
ing virtuall y all its PU time. 

While high-end users will alway drive 
the edge of new technology, the primary 
market wi ll be low-end u. er . One com­
pany. First Virtual (Santa Clara, CA , i. 
aiming to provide the world with SO-Mbps 
connection at a co t of $500 each per PC. 
Unlike the manufacturers of the 155-Mbps 
network , the company is not yet . hipping 
a product. It says, however. that production 
could begin in early 1995 . 

It is not clear a l th.i time whet her 
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delivering this price/performance point 
will be ·ucces ful. The low cost will at­
tract many u er ; however, the networks 
may be too low to handJe high-bandwidth 
application · such a de ktop video. Much 
of ATM' ability to knit together real-time 
and bursting data will go to waste. Other 
manufacturer . ay that they plan to aim 
for the higher 155-Mbps tandarcl, because 
cu tomer need a solid reason to move to 
ATM technology and wide-open perfor­
mance i their elling point. They offer 
hint that this level of ervice wiU be avail­
able for about $700 in 1995, but for now 
they refuse to announce any products. 

Many manufacturers will produce vari­
ation on the A TM theme. All the cards 
and sy tern will work together, but users 
will need to think carefully about the details. 

Retrofitting LANs 
1f it weren't for budget constraints, mo l 
people would be u ing ATM- capable 
LAN today. Mo tu ers, though, won't 
need the peed or feature of an ATM net­
work until function like videoconferenc­
ing become widespread. Even if you don ' t 
need to move large bl cks of data quickly, 
how ver. you stilJ might want to conn t a 
LAN Lo a larger ATM WA . This is why 
om pani c ar making · thernet LA 

rout rs with an ATM backdo r. ome are 
making entirely n w router ' , while ther. 
ar building gateways that plug int old r 
routers with an DOI Fiber Distributed 
Data Lnt rfaee) link. B th f thes 1 l you 
conne t y ur old thern t LA to the 
ATM world without replacing your old 
interface cards or ·oft ware. 

onnecting t ATM WA s wi II be es­
pecially attra tive to li1ms Lhar have work-
rs with different needs. Programmer., for 

instan e, often place h a y load · n net­
w rks when they compile. Workers wh 
u e word processors, however, usually 
place the greatest load on the network 
when they open and clo files . Thos 
workers with low network demands an 
stay wirh the Id network and can use an 
Ethernet-ATM gateway Lo reach the rest of 
the net work. 

Network managers who cho e thi s last 
path will gain a fair amount offlexibility. 
They can place an important fil server in 
the ATM branch of the network, and the 
gateway will route the traffic correctly. 
More important, the flexibility of ATM 
will let the manager move the file server to 
different locations. including across the 
country. Thisnexibility may help protect 
ystems again. L fire and other disasters. 

Outgrowing LANs 
ATM i not intended simply a a high­
speed replacement for LAN . The strength 
of the technology l ies in it ability to Unk 
many networks and to witch traffic among 
them. The ame 53-byte protocol works 
throughout the network. This flexibility 
promi es to let network administrators mix 
and match connections to adjust the 
throughput to meet changing need . 

For this reason, the next growth purr 
in ATM networks will occur in campus 
environments where u ers can string up 
their own network . The ATM Forum, a 
cro -indu try tandards group, recently 
accepted a formal tandard known as the 

I (U er- etwork Interface) that speci­
fies how differem switche may commu­
nicate. Several equipment vendor demon­
strated the robustnes of thi standard by 
linking the witches of many manu factur­
ers at the 1994 lnterop conference. 

If you run a mult:isite network, you will 
have many different options for linking 
the ·witches. You can pull your own fiber­
optic cable, run copper coaxial, or tring up 
twi sted-pair wires between buildings if 
they are clo. enough. Or you can run the 
link thr ugh your lo al phone company's 
network by si mply buying a connection 
fo r ea h ma hine. This approa h can end 
up cheaper if th telephone company al­
ready has fiber in tailed in each building. 
~uch network manag r ha, to eva luat th 
cost of running the cabl and c mpar it 10 

the pri e · th loca l t lephone network 
charges for the connecti n. The important 
fa tis that the ba ic switche and . oftware 
wi ll work with either choice. 

Top-Layer Players 
Th greatest onfu ion and activity seem 
Lo center around lh highest level, as the 
service pr vider try to detennin just how 
much servi e to offer in what areas . All 
th e major long-d istance carriers (e.g., 
AT&T, print. Wiltel , M l, and MF et) 
are ommit.Lcd to offering ATM ervices. 

evera1 f the local RBO swi ll also offer 
local service and some- uch as Ameri­
tech- have unregulated egments that may 
compete anywhere in the country. 

The phone companies are truggling to 
anticipate demand o that they can plan 
how much co pend on each pan of the 
local phone witche . AL the time this ar­
ticle was written, users could buy T3-clas 
ATM service (45 Mbps) as a permanent 
virtual circuit. This i effectively a leased 
ljne that offer a few additional feature 
for ATM user . You get bandwidth on 



demand as long as you alway demand 
and pay for 45 Mbp per month. There 
are till other advantages over pure leased 
line . Your ATM witche will be re­
sponsible fo r breaking up all the 45 Mbps 
of transmitted data and a signing it to your 
own internal traffic. In some cases, you 
wi ll also be ab le to end burst of data 
that are larger than 45 Mbps. 

By the end of this year some compa­
nie will begin to offer Tl-level . ervice 
( l.5 Mbps) as well as OC3 ( 155 Mbps). 
This ervice will allow you to knit a 155­
Mbp LAN on the East Coa t with one on 
the West Coast without losing any speed. 

The most exciting part of ATM long­
distance ervice will be SVC (switched 
virtual circuits), and these will not emerge 
until well into 1995 and 1996. They will 
provide pure nationwide bandwidth on de­
mand, limited only by the speed of your 
own local ervice. You will pay only for 
the circuit as you use them. One of the 
barriers to the emergence of this service 
i the telephone companie ' internal net ­
working ·tandard known as the BICI 
(Broadband Inter-Carrier Interface), which 
govern the way that telephone company 
witche xchange data and ca ll -setup in ­

formatio n for billing purpose: . 
When the Bl I standard i. linished, the 

compa nie will have no trouble linking 
their service . That means that an Ea l 
Coast RBO like Bell Atlantic will be able 
t join wi th a company that ervices nly 
another region of the country; together they 
wi II be able to serve customer · who need 
conne ti ns b tween the two locations. 

The Transition 
Today , many network in teg rator. who 
need to link up a WAN ucce. sfully are 
making interim choice · that can be 
changed later. Many of the switch manu ­
facturer , for in. lance, make . wit~he that 
can pit out packets in ome of the older 
tandard , uch a Frame Relay. These 
wi tche use oftware to handle the proto­

col-level bundling, which mean that you 
can upgrade them to ATM . peciJication 
when the time is right. 

Some cu tomers may never witch over 
to ATM, becau e they find that the fee 
structure for Frame Relay is better suited to 
their needs. They may never need to u e 
the guaranteed bandwidth feature of ATM. 
Thi approach will probably be available 
only for the hon run if ATM become 
popular. Supporting multiple standard 
cost money and the mo t popular ones 
tend to dri ve out the other . 

Paying the Pipe-er 

It ' still not clear how these witched vir­

tual circuit will be priced, and the differ­

ences between the services offered by the 

different carriers is ure to be intriguing. 

Thi is one of the major way that the com­

panies will be able to differentiate their 

ervice . It is all too likely that they will 


come up with a welter of creative pricing 

plans that will make choo ing a long-di ­

tance carrier for your home phone seem 
imple by comparison. 

One option sure to emerge will be to pay 
for only what you demand on a pennies­
per-megabit-per-second ba is. In thi area, 
there will probably be at least two major 
classes of services: Clas · A, for guaranteed 
continuou data (e.g., video), and Class C, 
for variable-rate data that doesn't need to get 
to the other end as smoothly. At this point, 
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it is uncertain how 
carriers will truc­
ture their piices, but 
one estimate is that Basic ATM service
Clas A data link 

is as close to arime as much a 
Clas C data link . 
Thi i ba ed on the commodity as it gets. 
experience of net­
work managers who Bits are bits, and 
have found that they 
can overbook, pack­ they have to get from 
ing three Cla C 
users into a single one place to another.
Clas A. 

This ratio, how-

from one place to tential app lications are not written, but 
another, and that ' s they are tantalizing. Jn es ence, the table i 
that. The telephone . et, the banquet is prepared, and now we 
companies are cer­ need to see who comes 10 the party. 
tain to invent as The peed with which people join the 
many feature a system will make a big difference. Ifevery­
they can, becau e one buys into the plan immediately, then 
they realize that the economie of scale will be wonderful. 
highly competitive ATM lets you share your leased lines o 
commodity mar­ well that many user may be able to get 
kets are the ene­ all the advantages of a lea ed line at a price 
mies of profit . that might be one one-thou andth of the 
They are con ider­ price today. But this will happen only if 
ing intrigl1ing fea­ the phone company can find 999 other 
tw·e . For example, people to share that line with you. 
Ameri tech say. ATM is already likely to ucceed on the 
that it will throw in corporate high end . But the market for 

ever, i, bound to change. Some local net­ Internet acce with it ATM service. That ATM could really emerge if we ee appli­
works may find that the demands for the means that if you happen to add res your cation that engage the entire population. 
Cla s C ervice are different from those packets to an IP addre s, the Ameritech Thi service could become the equivalent 
in the past, and this would force them to network wi ll send them to the right loca­ of phone service in the future .. . ifeveryone 
lower the amount of overbooking. Alter­ tion. The company al o plan to offer off- wants it enough to justify the cost of laying 
natively, ome carriers may find them­ ite backup which will allow you 10 tore fiber or CS twi ted-pair wire to each 
selves with excess capacity in parts of their block of bit in their computer for a house in the counuy. The phone companies 
network and choose to lower the price on price. could provide video on demand with a ser­
Cla. A service to encourage con ·ump­ Every company . ay that reliability vice like thi . The possibi litie ' for game 
Lion . Off-peak pricing and other uch fea­ standards will be an important feature. are endless. The only thing that i uncertain 
tures will add further complexity. onnection with guaran tee. of lower i whether the gen ra l public will become 

n ther option that may r main p pu lar downtime will ost much rn re than stan­ int r ·ted in u h a high level of ·er i e. 
i · the flat-mt bill. This seems a bit stodgy dard-rat · onnec1ions. Th companies will These questi ns n ed n I be addr ssed f r 
f r a techn I gy that was d veloped 10 f­ ompile extensive statistic ·. and each user s vcral years. ntil th n, ATM manufac­
fer unparalleled flexibi lity. But it pr mis s wi ll b ab le to d cid how 10 hoose turers will have nough work to do in sat­
n . urpri scs on the monthly bill , and 1his wh ther to pay e Ira for le . downtime. isfying the anticipat d cl mand for net­
will b a big advantag ~ r om people. work us rs. • 

Taking the ATM Plunge 
Options Th transition to TM pr mise 10 b ex­ Pl'ter \Vnyner, of Ba/1/111nr1•. Mnrylc11ul. i.I' a f'llll · 
The basi TM s rvi c is a. cl sc to a iting. Th tc hn I oy i · prov n. Manu­ .vul1i11g editor for 8Y'IE. He ca11 be reached 11111/ie 
commodity as it an g 1. Bi1s mu. t get facturer ar hipp.ing products. The po- l111cme1 or 8/X 111 pwny11er@/Jlx.co111. 

Selected Sources for ATM Products 
Cascade Rbronlcs Hughes LAH Systems Net£dge Systems SynOptlcs 
Communications Corp. International, Inc. 1225 Charleston Rd . P.O. Box 14993 Communications, Inc. 
5 Carlisle Rd . 33 Riverside Dr. Mountain View, CA 94043 Research Trlangle Park, NC 4401 Great America P((wy. 
Westford, MA 01886 Pembroke, MA 02359 (800) 732-4252 27709 Santa Clara. CA 95052 
(800) 342-5926 (800) 327-9526 (415) 966·7300 (800) 638-3343 (408) 988·2400 
(508) 692·2600 (617) 826-0099 fax: (415) 960.3738 (919) 361·9000 fax: (408) 988·5525 
fa x: (508) 692·9214 fax: (617) 826-7745 Circle 982 on Inquiry Card. fax: (919) 361·9060 Circle 988 on Inquiry C.rd. 
Circle 976 on Inquiry C.rd. Circle 979 on Inquiry C.rd. Circle 985 on Inquiry C.rd. 

UghtStrum Corp. Transwltch Corp. 
Chipcom Corp. Rrst Virtual Corp. 1100 Technology ParK Dr. Newbrtdge Networks, Inc. 8 Progress Dr. 
118 Turnpike Rd. 3393 Octavius Or., Billerica, MA 01821 593 Herndon Pkwy. Shelton, CT 06484 
Southborough, MA 01772 Suite 102 (508) 262-1000 Herndon, VA 22070 (203) 92g..a810 
(508) 460-8900 Santa Clara. CA 95054 fax: (508) 262-11'.1:1 (800) 343-3600 fax: (203) 926-9453 
fax: (508) 624-9585 (408) 988-7070 Circle 983 on Inquiry Card. (703) 834-3600 Circle 989 on Inquiry C.rd. 
Clrole 977 on Inquiry Card. fax: (408) 988-7077 fax: (703) 471-7080 

Circle 980 on Inquiry Card. Motorola Codex Circle 986 on Inquiry C.rd. Xyplex, Inc. 
DlglBoard 20 Cabot Blvd. 330 Codman Hill Rd . 
6400 Flying Cloud Dr. Fore Systems Mansfield, MA 02048 StrataCom, Inc. Boxborough, MA 01719 
Eden Prairte , MN 55344 174 Ttiorn Hiii Rd . (508) 261·4000 1400 Parkmoor Ave . (800) 338-5316 
(800) 437-7241 Warrendale , PA 15086 fax: (508) 337·8004 San Jose, CA 95126 (508) 264-9900 
(612) 943-9020 (412) 772-6600 Circle 984 on Inquiry Cant. (800) 877-0519 fax: (508) 264-9930 
fax: (612) 943-5398 fax: (412) 772-6500 (408) 294-7600 Circle 990 on Inquiry Card. 
Circle 978 on Inquiry C.rd. Circle 981 on Inquiry C.rd. fax: (408) 999-0115 

Circle 987 on Inquiry Card. 
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TM 

A pow rful new vi 'ion 
of programming.TM 
Br ak th e barri r. E ·tend th 
boundarie . Free your lf from 

the limit of what procedural 

programming can accompli h. 
Get out of the code mode and 
into th Vi ua1Ag . 

i ualAge is IBM's 

powerful. new object-oriented 
vi ual programming tool that 

1 ts you produce calabl 
cu nt/ erver application with­
out r writing ye terday' pro-

e 

gram . nd y u an do it wiU1 
amazinc:r p d. 

i ualAg upport 
dev lopm nt approache, Lhat 

r ward od r u e, so you 
d n 't hav to p nd tirn writ­
ing d you 'v • alr ady wTit­

t n. It give you pr buih tan­
dard- ompliant bj t to · t 
you tart d intuitiv grap hi al 
u r int Tfa e t ol , and th 

Contact y our fa vorite reseller or c:all 
7 800 ffiM-CALL, Dept . .'M030. 

• er 


add cl fl 'ihil it of a ·orn pl tely 
int grat d malltalk obj t-ori­

nt cl ha . And it' o cxtcn i ­
ble you can v n write your 
own add-on . 

Vi ualAg for yoUJ~ 
rd r r to r ,eei v a 

i ualAge d mon Lralion 
disk tt , all 1 800 CB M- ALL, 
D pt. M030 (in anada, 1 800 
465-79 9, xt 657) or ee your 
IB l r pre entative. Wc'lJ. how 

you how easy it i to make Lhe 
barriers come tumbling down. 

OFTW/IRF. FOR 

0BJECJ'-0RIENTED PROCRAMMf G 

==-::: !:® _ - _..._-. ---,_ 
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--------t Your Editors' 
•Best Buy, Top 01ce, 

EXPERTS NAME THE ZEOS* PANTER~· #1 
"Rocket fa t perfonnance and a great 

price make this our favorite Pentium of 
the lot," PC/Computing said. 

Top computer expeits at seven leading 
publications agree that the ZEOS 
Pantera is the best Pentium-processor 
based system available. 

The ZEOS Pantera has earned: 
• PC Magazine Editors' Choice 

Windows· 

•-1994 ,_a_.1994 (April 12, 1994)
• 	Computer Shopper "top choice" 

(April & August 1994) 
•PC/Computing BEST (May 1994) 
•	 PC World Best Buy (June 1994) 
• Windows Sources Experts' Pick (June & August 1994) 

These prestigious 

awards all add 

up to on thing­

ZE omputer 

are your #1 choic . 


n't ttl for 
less.The Pantera has 
it all. PC/Computing 

ncu :"Hot p r­
formance, room for 
expandability, and 
a low pri mak 
thi system our top 
choi e." 

POWER 
BEYOND 
POWER 

·~t the top is the 
n wZEOS Pantera­
66, a Pentium-66 
that r cord d the 
fastest benchmark 
results ever to 
come out of th PC \\brld Thst Center," reported PC World. 

PC Magazine said: "ZEO Pantera-66 combines quality 
features, good price, and high performance.... A consistently 
above-average performer on all our b nchmark tests .... " 

Th ZEOS Pantera received the highest marks on many 
benchmark tests including the important Graphics WinMark 
and Disk WinMark tests run by PC Magazine. In fact, its Disk 
WinMark surpassed the next closest competitor by 35 percent! 

What makes the Pantera fly at supersonic speeds? A 
ZEOS designed motherboard with exceptional features 
such as a hot new integrated PCI Local Bus IDE Controller 

(supporting up to four IDE devices) that, as PC Magazine 
said, "pushes disk access into new territory." 

PENTIUM & 486 PANTERAS 
Even better, we now iocorporate the latest award­

winning Pantera technology (including PCI) to our 
486 PCs. The expanded Pantera line includes more 
processors-from a 486SX25 to a DX4-100 all the 
way to a Pentium-90! The best news: The Pantera 
DX4-100 al o earned PC Magazine's Editors' Choice 
(June 28, 1994). 

These new, improved and even more affordable systems 
feature local bus IDE hard drives from 214MB to lGB; 
memory from 4MB to 24MB; a new 64-bit video 
controller; 3 PCI slots (one contains our PCl 
local bus video card) in adilition to 5 ISA slots; 
and on-txiard Fast SCSI-2 option And all Pantera e 
systems are 100%compatible with every major It runs with 

NetWarE!network operating sy t m nth mark t. 

ALL THE EXTRAS 
INCLUDED 

What1 more, w giv 
you all thi at a marvelous 
pri Th r ' no doubt 
about it. PC/Computing 
said:" uggest you 
spend your mon yon 
this machine-it offers 
th best valu of any 
system we tested." 
Windows ources 
agrees: "ZE 
Pantera ofi r th 

t performanc 
for the price." 

The valu 
do n't stop with 
your purchase. 
You get the best 
service and 

support in the business. ln fact, no company has 
won mor PC Magazine Readers' Choice for 
Service & Reliability awards than ZEOS-six 
in all. And we were the first to provide 24­
hour toll-free technical support-every day! 

ZEOS offers you all this and more. It's easy to 
see why the Pantera is the "number one power desktop Best 
Buy." It's the Editors' Choice. Make it your choice. As PC/ 
Computing said, "there's no doubt which machine you should 
choose: ZEOS's Pantera ... this is a deal you simply can't pass 
up." Call your ZEOS Systems Consultant now at 800-554-5226. 



PROCESSORS 

4865.X-33 
486DX-33 
486DX2-66 
DX4-100 
PENTIUM-60 
PENTIUM-66 
PENTIUM-90 
More processors 
available. Call for details. 

STANDARD WITH 
EVERY ZEOS 
PANTERA'" SYSTEM 

• Genuine Intel 
Proc or. 

•I Cl localbus 
color graphics 
card upgradabl 
to2MB. 

• 1\vo high-sp ed 
·ial ports and 

n enhanc d parallel port. 
• Thr 	 P Isl tsand fiv 

I slot . 
• Optiorull n-board Fast 

C 1-2. ocket. 
• Fla hBl( . 
• 200 watt power supply with 

built-in surge uppress r. 
Swit.cl1able tween ll5/230V. 

• ZEOS 101-key pac -saving 
k yboard. 

• FC rtifiedCla B; 
UL Listed. 

• Complet ZE Cu tomer 
Satisfaction Packag . 

PENTIUM EXTRAS: 
• RAM expandabl LO 192MB. 
• lnt grated business audio. 

486 EXTRAS: 
• RAM expandable to 128MB. 
• EPA .Energy Star compliant. 

PACKAGE 1 

$1495 Lease$64/mo. 

$1645 Lease$fi0/mo. 

$1745 Lease$64/mo. 

$1995 Lease$73/mo. 

$1995 Lease$7.3/mo. 

$2095 Lease$77/mo. 

$2395 Lease$88/mo. 

• 4MBRAM 
• 214MB 1ocal bus IDE 

hard drive w/32K cache 
• 3.5" l.44MB 

floppy drive 
• 64--bit Windows-accel­

erated PCI local bus 
VGA color graphics 

card with lM BRAM 
• ZE 14" 1024 x 768 

non-interlaced ':N A 
color monitor. .28mm 
dot pitch 

• 	 ix-bay d ktop ca· 
with t\\IO cooling fans 

• M 	 D 6.2, Windows 
for Workgroup 3.ll, 
Microsoft Mcius 

. . 
$1795 Lease $66/mo. 

$1945 Lease$71/mo. 

$2045 Lease$75/mo. 

$2295 Lease $84/mo. 

$2295 Lease $84/mo. 

$2395 Lease$88/mo. 

$2695 Lease $'99/mo. 

• 8MBRAM 
• 528MB local bus IDE 

hard drive w/256K cache 
• 2X CD-ROM drive, 

3.5" l.44MB floppy 
• 64-bit Windows-accel­

erated PCT local bu 
SVGA color grnphics 
card with IMB RAM 

• ZEO ' 1411 1024 x 7' 
non-int rlac d SVGA 
color monitor, .28mm 
dot pitch 

• 	 ix-bay d ktop ca e 
with two cooling fan 

• M 	 DO 6.2, Windows 
for \\brkgroup. 3.11 , 
Micro ·oft Mous 

.. 
$2295 Lease$84/mo. 

$2445 Lease$89/mo. 

$2545 Lease$93/mo. 

$2795 Lease ICY2/mo. 

$2795 Lease$1Cf2/mo. 

$2895 Lease$106/mo. 

$3195 Lease$106/mo. 

• 16MB RAM 
• 720MB local bus IDE 

hard drive w/128Kcache 
• 2X CD-ROM drive, 

3.5" l.44MB floppy 
• 64--bit Windows-accel­

erated PCT local bus 
SVGA color graphi · 
card with lMB RAM 

• ZE 15" 1024 x 768 
n n-int ·Ja d GA 
col r monito1; .28mm 
dot pitch 

• 	 ix-bay de ktop cas 
with two cooling fans 

• M 	DO 6.2, Windows 
for Workgroup 3.11, 
Microsoft Mouse 

• 	 hoic of Lotu 
Windows applicati n 

PACKAGE 4 

$2845 Lease$104/mo. 

$2995 Lease$ll0/mo. 

$3095 Lease$103/mo. 

$3345 Lease$lll/mo. 

$3345 Lease$111/mo. 

$3445 Lease$ll5/mo. 

$3745 Lease$125/mo. 

• 24MBRAM 
• 	lGB local bus IDE 

hard drive w/256K cache 
• 2X CD-ROM drive, 

3.5" l.44MB floppy 
• 64--bit Windows-accel­

erated PCI lo al bus 
SVGA color graphics 
card with lMB RAM 

• ZEO 15" 1024 x 768 
non-int rlaced SVGA 
color monitor, .28mm 
dot pitch 

• 	 ix-bay cl • lop as 
with two co ling fans 

• M 	 D 6.2, Wind ws 
for Workgmup 3.11, 
Micro oft M use 

• Choice of Lotus 
Windows application 

FAVORITE OPTIONS 


528MB TO lGB HOD UPGRADE .............. $295 
lMB TO 2MB VIDEO RAM UPGRADE .. .. ..... ...$59 
DIAMOND STEALTH 64/PCI VIDEO 
CARD WITH 2MB VRAM........... .... ...... ........ $249 

UPGRADE FROM A 14"TO A 15" MONITOR 
ZE VGA NJ, 1024 x 768, flat sere n ........... .. .. $95 
UPGRADE FROM A 15" TO A 17"MONITOR 
ZEOS SVGA I. 1280 x 1024........... .... .............. $395 
ADAPTEC 6360 SCSI CONTROLLER CHIP 
for on-board SC l. Includ drivers .............. .. .. ... $49 
14.4 BPS V.32 BIS MODEM 
WITH 14.4 BPS SEND/RECEIVE FAX..........$129 

96/48/24 V.42 BIS 
SEND/RECEIVE FAX MODEM.........................$49 
INTERNAL TAPE BACKUP 
80 to 250MB (with compression), 

includ backup softwar ...... .. .. .........................$159 

10-BAY VERTICAL CASE ..... ......................... $95 
MULTIMEDIA UPGRADE 
16-bit s und card. ter o sp aker .....................$148 
LOTUS SMARTSUITE UPGRADE 
Five Windows applications in one box! ............ .. .$299 

Many other affordable upgrades 

a11d options available. Call for details! 


Fax Orders: 800-362-1205 or 612-362-1205. Phone Orders: Government: CALL NOW TOLL FREE800-245-2449, Outsid U.S. and Canada: 612-362-1212. Purchase Orders, 
MasterCard, VlSA, Am Ex, Discover, Z-Card7COD and affordable leasing 
programs. Open 24 Hours a Day, 365 Days a Year! 800-554-5226 

Circle 155 on Inquiry Card. 



Phar Lap®Fron 	 er®... 

The W~DOS Desktop for Wmdows 

LAUNCH BAR 	 SIMPLIFIED RUN MENU 


COPY & PASTE 
Just highlight and click to copy and 
paste any part of your DO session into 
a Windows or DOS program. 

COMMAND LINE POWER 
Run DOS or Windows programs right 
from the DOS prompt. •• .. .POWERFUL REAL TIME ....STATUS BAR 	 ...
I"rontRunn r' tatu Bar di play 
r al-tim information including 
sy t m re ourc ... and lets you 
write rnodul to di play your own 
up-to-date information! •• •••• 

······ 
Bringing the best of DOS to 
Windows••• And the Power 
of Windows to DOS 
Frustrat d with wit hing b tw n 
Window and DO application ? ow 
you an g t th command-line pow r 
you n •d - int grat d with th 
Window graphi al f atur you want. 
Phar Lap FrontRunn r is a pow rful 
OOS-ba d Windows d ktop that 
bring intuitiv GUI featur to 
co mmand-line DO . FrontRunn r let 
you run Windows program dir ctly 
from th DO promp~ provid s an easy­
to-u , menu-driven alt rnativ to 
Program Manager, 1 t you launch 
application with a click, keep cu tom 
information at hand with Phar Lap's 
unique Statu Bar and much more! 

FRONTRUNNER OFFERS YOU: 
v A Better DO Box - Scroll and 

view your entir DO screen 
hi tory and run Wmdows programs 
directly from the DOS prompt 

v Quick and Easy Program Manager 
Replacement - no more searching 
through all those windows 

v 	Customil:able Launch Bar - instant 
access to your favorite programs 

V 	Powerful Visual Batch Language 
Extensions for DOS - easily 
create visual front end 

v Programmable tatus Bar - view 
the real-time information you need 
mot 

V 	Versatile Utilities - to enhance 
your productivity 

HISTORY 
Scroll to view the complete · 
history of your DOS se sidn..
.... 

Find !;,haracter Earagniph 
tle lp 

~,1~~ !~=07:ff 4:~ 
~ ~~ ~-93!~1-~-93 tmg< JR> 12° 12: 7p 

~ m 12:1 ~ ~; 
BAT 647 1 ~- ~;~-

T ~8m l~:j~: 4: l4P 

Call Npw
To Order 


Or To Get YoJr 

Free Demo. 


11800129219622 


Now you can t st rid a winner with our 
free FrontRunn r Lite and Guid cl Tour 
Demo di k . FrontRunn r Lite is· a lrial­
sized version of our DOS d ktop for 
Window that l l you try all of 
FrontRunner's powerful featur ... 
ab olut ly free! o call today and see 
how exciting a winning DO desktop 
can be! 

Phar Lap® Jnt.I FmnlRunncr® :1rc rcgis1ered uademarks of Plmr Lnp Soflw::ire, Inc. All other produL1 names and rompany name,; arc Lradcmark.s or rcg1\tcrcd undc:mar~~ of their rcspcctnt hulclr.:n.. 
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State of the Art 


SMAKE THE WITCH 

The switching capabilities of bridges, routers, and hubs add new power to LANs and make it 
easier than ever to connect them to enterprise WANs 

JOHN BRYAN 

A .more people participate in client/ 
erver environment , the comput­

ing model shifts from a physical work­
group to a projec t orientation. Ia the pro­
ject-oriented environment, there is a need 
for networks that satisfy tbe end user's de­
mands for bandwidth, access, and security, 
while still providing management capa­
bility at the corporate level. 

Currently, network are generally ex­
panded u ing router, bridge, and fast-back­
bone technologies. All enable more di­
ver e network topologies and improve 
pcrforman through segm nlation and in­
reased bandwidth . R ulers and bridge, 

have always used swil hing technology; 
only recently ha ' the sw itchin g hub 
brought swi tching 10 the workgr up 1 vel. 

nlil now , LA s with ace s. LO . hared 
media were tandard. A I0-Mbps Ethernet 
network and 4- and 16-Mbps l ken-ring 
n 1works serve most busine s applications 
well, but they hav inherent limitations. As 
more node ar added. the avai lable indi ­
vidual bandwidth de rca es. 

For xamplc, in a 10-node lOBa ·e-T 
ncrw rk, each individual node can theo­
reticall y . end or re eivc I0 Mbps but in 
practice have only I Mbps avai lable. With 
linle or no network u·affi , there'. no prob­
lem. But delays incrca ·e as node become 
more acti ve or the network grows, a - ach 
node contends for a piece of th total band­
width. With l11is example, i.f a ll I0 node. 
are tran ·mining, total available bandwidth 
may be a~ low as 4 Mbps. The same is true 
for token-ring networks; the more nodes 
contending for l11e token. the less Lime any 
individual node ha to transmit. 

Of course, most LA have more than 
J0 nodes. Burgeoning n·affic volume and 

mgraphical applications mean that changes 
0 must be made. At least two approaches 
§ have already been tried. The fut was to in­
~ crea e network speed. FDDI (Fiber Di ·­
g tributed Data Interface) runs at JOO Mbps 
"'ii 
:I: 
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What's on the Marl{et 

On the low end MicroA ccess (Fre­

mont , CA ) markets an Ethernet 
witching bub that i. in their network 
ervers. The hub i a six-port single ISA or 

EISA card with lOBase-T or BNC thin­
Elhemet connectors. The card makes up to 
60-Mbp total bandwidth available, and 
you can install multiple card · in the same 
server. The card has a built-in SNMP 
agent that enables all S MP-compliant 
managers, including MicroAcce own. 
to manage the card. At $2499, thi prod­
uct is eminently affordable. 

NerWorth (Irving, TX) has everal 
Ethernet!FDDr (Fiber Di tributed Data 
lnterface) PowerPipes switching prod­
uct , from the Serie 3000 TriSegment 
Stackable hub to the Series 6000 Switch­
ing and etwork Services hubs. Power­
Pipes i a J2-port Ethernet hub channeled 
into an FDDI connection to the server. 
An AST (npplication-spccifi IC) buffers 
and tran lat s incoming thcrnet fram 
into PDDl frames. utbound pa kets are 
FIF (first-in/fir ·1-out buffered that 
fram s don ' t stack up on the PD DI ring. 
A u. t m A I handle all switching 
logic. Li t price for PowerPipes is $7495 
for single-attached copr r and $8995 ~ r 
dual-attached fib r. 

Catalyst or Cut-Through 

What on fim1 lls a shared-memory de­
sign, another may call a ·hared bus. isco 

stems (Me nlo Park. A labe l. as 
hared mem ry it ataly t produ t, an 

eight-port LAN swit h designed to give 
I 0 Mbp to each of its connections. One 
of the ports can b configured a: an FOOi 

r DDJ (Copper Distributed Data Tm r­
fa e) link, prov iding a high-bandwidth 
pipe to a network backbone. Cataly t lists 
for $9600; the FOO! option i. an addi ­
tional $1995, while the CDDJ ption li sts 
for $995. 

The Cataly t has 2400 2-KB buffers 
(300 per port), a well as 760 for each 
output port. Th switch copies incoming 
data to the input memory buffers. At the 
·ame time. it ·ends the packet' M C 
(media access control) de tination ad­
dress or other information lo the . witch 
logic, which moves the packet from input 

Lo output buffer and tben to the port. 
An IDT 3081 RTSC proces or send 

the data aero. s a 32-bit-wide, 20-MHz 
proprietary bus that, with 640-Mbps band­
width, ea ily handles traffic from all port 
s imultaneou ly . Thi s data- witching 
mechani: rn is ca lled a tore-and-forward 
process, becau e once the data frame is 
stored it may be forwarded or copied to 
any designated de tination port. 

An alternative i the cut-through 
·witch . Introduced by Kalpana (Sunny­
vale, CA). the cut-through switch reads 
only the address header and immediately 
transmits the frame to its destination. This 
reduce witching time but can aJJow bad 
packet to pa through, causing prob­
lems down the line. 

MAD but Smart 

Another vendor, Xedia (Wilmington , 
MA use a shared-bus architecture it calls 

manswit h in it. three MAD (media ac-
s device) product.. The first produ ·t. 

MAD. witch, i a six-po11 thernet . witch 
with a ' lot for a I 00-Mbps card, due later 
this year. This I 00-Mbps connection may 
be Fa t Ethernet. A TM (A ynchronou 
Transfer M de) . o r PD r. Th mart -

witch architecture breaks inc ming 
thernet frame int 64-byt pa kct · or 

cell. . You ·an u. 512 cell buffcrs­
cnough ~ r . everal Ethernet frames- for 
ei ther input or output. Once the frame i 
converted to cell s, it is tran . fe1Ted ver 
the bus and 1he ex it port, where the pro­
ce sor reas. emblc the me sage. 

Each port ha an IDT R- 000 RISC 
proce or thai handle port operation ·, 
inc luding filtering nonvalicl mes. age · 
cell reas embly and tmnsmis ion; each 
port can handle everal different opera­
tion al nee. The cell-transmis ion bu · is 
a proprietary , 8-bit configuration , and 
Xedia ha 16-, 32-, and 64-bit ver. ion 
ready for the future. The MADswitch lists 
for just $2995 , about half th price of 
mo. t witched hubs. 

Xedia ' . other product are MAD­
switch/P and MADremote. At $2695, 
MADswitch/PC i a full-featured, single 
card that offer a 60-Mbps ISA interface 
port. MADremote is an lSDN-remote 

Ethernet switch that can interface with 
four !SD B channel at variou speed " 

A with Cisco' Catalyst, the e prod­
ucts offer SNMP software for managing 
switche and nodes. However, not all 
swi tches offer thi s capability. When you 
research witche , look for oftware that 
is compatible with your environment. 

ForeRunner 

Fore Systems (Warrendale, PA) u es a 
shared-bu design in the contentionless 
time-divi ion architecture of it Fore­
Runner ASX- !00 ATM switch. Rather 
than a high- peed backplane, this "bu ' is 
just four chips that are each capable of 
622 Mbps and use TOM (time-division 
multiplexing) to pass data. This architec­
ture give the witch a much greater ca­
pacity than die ' um of it. p rt ' band­
width · th ForeRunner' . witch fabri 
·upp rts 2.5 Gbps of bandwidth. 

ore's . witch products in Jude on-board 
R reTh ught software lo manage all n­
ne ti n and A TM routing with ut a ded­
icated workstation. This . aves money n 
in tallation, provide. high r perfomian e 
and offers greater re liability. 

Th PoreRunner will upport up to 24 
ATM d vices or NI s (network interface 
card ), each transmitting at 155 Mbp . 
Module · for 01her interface speed in­
clude 100-/1 40-Mbp TAXI, DS-3, and 
SONET Synchronou Optical Netw rk) 
0 -3. The A X-100 al o ha a dire t 
Ethern tint rfacc and an FDDl port. 

Each . witch has a PARC n RI C pro­
ces or with 16 MB of RAM and a 120­
MB hard drive. The pro or controls 
bu access and ets up ATM circuits and 
operation . . A TM permits two priorities 
of ervice, o 512 KB of buffer pace at 
each port i onfigured in dual-p1iority 
RAM. Software handles setup, but data 
transfer occur olely in hardware. Fore 
claims sub- I 0-microsecond latency in any 
data transfer while enap take. Jes d1an LO 
milli. econd . The ForeRunner ASX- I 00 
·tart at $23,995 for four port ranging 
up lo a 24-port configuration for $34,000. 
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Multistage Matrix Switches 

One area where matrix architecture may 
have the lead i in it. capacity to expand 
to uper-high-density port de ·igns­
switcb sy terns with I 000 or more ports. 
This type of switch will eldom be used in 
LAN environments but wi ll likely pre­
vail in central office installations. 

That said. LattisCell is a multistage 
matrix witch with what SynOptics Com­
munications (Santa Clara, CA) ca ll a 
parallel A TM architecture. Each Latti ­
Cell is es. entially a stand-alone switch. 
the various models differi 11g primarily in 
how the 16 ATM connectors are appor­
tioned . 

SynOptics uses a number of technique 
to reduce traffic contention. Fir ·t, it dis­
tributes traffic over multiple paths . The 
matrix . witch itself run at twice the 
speed of the incoming ports. o there 
plenty of bandwidth for each port. Buffer­
ing is available at each ·witch element 

When a cell enter the witch Coo­
ne ·tion Management software reads it s 
header- with informt1tion on the cell ' s 
origin , d slination, and pri rity- then els 
up the ATM s virtual channe l through­
out lhc span of switches. This software 
resides on a separate Spare talion that 
can contro l s vera l Lnlti e ll switches. 
The work ·tation only needs to be attached 
(via ·themet) to a single swi tch: data for 
other , wit hes is passed along a special 
ATM onne tor. 

Pri csbcginat$27 ,950~ rlh' .10 11 5 , 
a switc h wit h J _ RJ -45 SONET/ DH 
onne tor that ·upporl 155 Mbp. over 
atcg ry 5 UTP (unshfolded twisted pair 

cable , and four ST-type (shielded-I wist­
ed) connectors for 155 Mbps over multi­
mode fiber. The $3 1 950 I 01 24- ha. 16 
fiber-opti p011s: 12 I 00-Mbps ports used 
for 4B/5B encoding and four 155-Mbps 

ONET/SDH pons. Finall y. the 35,950 

LatLisCell I 0 I 14 provides 14 155-Mbps 


ONET/SDH ports and two BNC 45­
Mbp DS3 ports. 

To link IOB ase-T EthemeL to ATM , 
SynOptics has the $9995 EtherCell. Using 
the ba . ic LattisCel l architecture, the 
EtherCe ll provides I 2 I OB a e-T ports 
and a si ngle ATM port, either RJ -45 or 
fiber optic. Thi witch convert incoming 
variab le-leng th Etherne t frame into 

fixed-length A TM cells and then handle 
all switching as in the Laui ·Cell 

Token-Ring Solutions 

Madge Networks (San Jo. e CA) plans 
to introduce a token-ring switch early in 
1995. This product will feature a hared­
memory technology that Madge devel­
oped and Texas Instruments wiU manu­
fact ure and market. Tbe device wi ll 
handle switch.ing between ring or indi­
vidual nodes and provide a link to ATM 
or FDDI. It wilJ offer full-duplex token­
ring support, allowing a ·erver to imul­
taneou ly end and receive 16 Mbps over 
the ame connector. Token-ring NICs can 
be upgraded to full duplex via a software 
download ; Ethernet NlCs need a hard­
ware change that would probably be as 
expensive a the original card. 

Switching Packets and Cells 

The MMAC-Plu from Cabletron Sys­
tems (Rochester, NH) provides over 500 
port of connectivity in a shared-bus de­
s ign that handles both packet and ce ll 
switc hing simultaneous ly. This int lli ­
gcnt, fau lt-t lerant, modular hub ha · room 
on it s ba ·kplane for up to 14 modules 
(connectivity or network . rv ices . on­
n c tivi ty modules arc avai lab le for a ll 
major network pr toe Is, while network 
servic s modules provid distributed man ­
agement and computer : ervi es. 

ATM ell are , w itched as i ; for non­
ATM input. MMA uses SFP (secur 
fast packc1 swit hing). Th system ba k­
plane has two system management buses 
( MB- I anti SM B- 10), a flexible n twork 
bu. c ns isting f two dua l FDDI rings, 
and Lhe dua l-channel I B (internal net­
work bus), which is based on the IEEE 
·tandard for FulureBu . . Fi na ll y, th re is 
·pace for a cel l-transfer matrix , due in 
1996. Thi s wi ll offer a switching fabric 
capable of data rates in excess of 60 Gbps. 

The dual-channel lNB is governed, like 
Fore ' ForeRunncr ASX- 100. by TOM . 
Each lNB data channel is 64 bits wide. 
runs at 40 MHz, and can sustain a data 
rate of 2 Gbp or a burst rate of 2.5 Gbp , 
for a total of up to 5 Gbps. The TDM de­
sign can in ert packets or cells on the bu 
for point-to-point switchfog, while sig­
naling and bu arbitration occur on a sep­
arate 8-bit management and control bus. 

The core design is powered by m1 lntel 
960 processor. T he Spectrum for Open 
Systems software (release 3.0) can man­
age network. of more than l 0,000 nodes. 
Spectrum is compatible wi th Hewlett­
Packard Openview for Unix and Win­
dows, IBM Netview/6000, SuoConnect 
SunNet Manager, and Novell NMS. Spec­
trum 3.0 lists for $ 15,000. MMAC-Plus 
starts at $1 1,500 without connection mod­
ules, which run from $3000 to $50,000; a 
typical average-cost-per-Ethernet con­
nection i about $500 per port. 

Fault-Tolerant Managed Switching 

The LANplex 6000 is available in both 
four-slot and 12-slot chassi from 3Com 
(Santa Clara, CA). LANplex provides 
fault-tolerant witching, although it's less 
capable than Cabletron MMAC. LAN­
plex supports only Ethernet and FDDl; 
ATM modules are planned for early 1995. 
Current modules connect to one of three 
FDDI buses in the system. Future mod­
ules, including ATM, will connect di­
rectly to lh High-Speed Lmerc nnec1 Bus 
with sustai ned tran fer rates of 3.2 Gbps. 

om' start'r kit includes the chas­
is, managem nt module, power uppl y, 

and ·oftware. The management module 
hooks up via an integrated dual-ntta hcd 
PDD f backbone connecti n. The four-
lot ver ion is $16,073. whil the I2-sl t 

cha s is kit tarts at $3 1,900. An eight ­
port E thernet witching module is 
$ I 2,500. An DD I six-port fiber module 
is $8500, and a 12-p rt FDDI m du lc is 
$9950. The average pri e per port of the 
LANplex runs $ 1500 and up. 

Forced Frame Relay 

Cas ade nmmunications (Westford, 
MA) offer cvcral multiservice :witches 
based on a common architecture. lts top­
of-Lhe-line B- TDX 9000 offers Frame 
Relay, SMDS and ATM switching in a 
shared-bu, architecture capable of data 
rate as high a. 1.2 Gbps. If incoming 
data i. n' t Frame Relay (e.g., SNA/SLDC 
or X.25) , the B-STDX encapsu late the 
data links and carries the data a. Frame 
Relay. An Tntel 960 RISC processor han­
dles witching in each module. 

B-STDX pricing starts at $30.000; a 
fully redundant, fully configured T3 sys­
tem typically run about $160,000. 
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but suffers from other problems, includ­
ing cost and complexity (see ' All-Terrain 
Networking," August 1993 BYTE). But 
shared access , even at J00 Mbps. will 
eventually lead to the same problem ·. 

Another olution is to divide the net­
work into eparate segment connected by 
bridges or routers. Each egment is shared, 
but communication can occur imultane­
ously in different segments. easing con­

gestion. This is the right approach, but net­
work growth wil I eventually cause the 
same traffic problems. The logical solu­
tion is to reduce each segment to one node, 
and that' s where switching comes in . 

Switching in LANs is exciting because 
il reverses the bandwidth equation. In the 
earli er IOB a. e-T network example, 10 
nodes got I Mbps each. However, with a 
switched hub, each node can realize il 
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full I 0-Mbp potential ; the total egment 
capacity would be close to 100 Mbps. Ex­
cept for some overhead, this relationship is 
maintained right up Lo the hub's bandwidth 
capacity. 

As a result, segment traffic in legacy 
network i greatly augmented without 
having to change NlCs (network interface 
card ) or cabling. This ha been the pri­
mary focu of witched hubs for LANs. 
In WA (wide-area networks), the focus 
i , more on reliability and efficiency. 

Today, ·witching technology is being 
used for all type of network protocols at 
the LAN and WAN levels. Vendor offer 
switching products for Ethernet at 10 and 
I00 Mbps, for token ring at 4 and 16 Mbps, 
and for A TM (A ynchronou · Tran ·fer 
Mode). In addition, Fibre Channel is a 
switched technology being developed for 
high-end workstation u e ( ee "Fibre Chan­
nel Speed Up," Augu t BYfE). 

Bridges and Routers-How Switching Wort<s 
Switching is required whenever a network 
. ignal mu t move between carrier · (e.g. , 
Ethernet to X.25) or change speed (e.g., 
I0-Mbps Ethernet to 100-Mbps FDDI). 
Tw primary aregories of switching are 
packet and circuit. Packet switching uses a 
fixed-length data c II (e.g., an •nlire tJ1er­
net frame, packets of arbitrary size, or 
ATM "cell. "). In ci rcuit switching, the 
carryino element is switched , generally 
for the duration of an entire message. 

Bridges use MA (media access c n­
trol ) address information from the data­
link layer of the 0 I (Open ystem lnr r­
onnection) network model to determin 

an inc ming packet 's destinali n. When 
a bridge encounters an unknown MA ad­
dr . s, ii . ends thal packet to all it ports; 
thi s is calledJ1oodi11g , and it can pre. ent 
both traflic and security problems. Bridges 
learn addre /port relationships dynami­
ca ll y-if a new address is rea l. it ge ls 
added to the c rrelation table. But if a 
bridge ha n' t yet a simil ated a new ad­
dress , packet may be sent to users who 
aren' t suppo ed to receiv them. 

The MA layer als re erve certain 
addres es a "broad ast" designator ­
packets that are supposed 10 go 10 everyone 
on the network. Unfortunately. this inter­
rupt all other me .. aging. Used to fre­
quently, the result i a broadcast torm that 
can thoroughly di srupt a network . 

Routers take a djfferent approach, u ing 
the OSI network layer, which e tablisbc 
a different addressing cheme for each type 
of nel\vork protocol. To be compatible with 
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• PS/2 style or Mlcrosoft/Logltech 
serial mouse su·pport available 

• Offers conversion from RGB color 
to gray-scale 

Announcing Macintosh Support! 
Open up a new world of appllcatlons for 

your Macintosh! The new Mediator™ for Macintosh 
allows you to connect any of these PS/2 compatible 
Cybex products or PS/2 peripherals to your 
Macintosh computer. 

• Selectable 
privacy modes 

• Automatic 
keyboard and 
mouse switching 

AutoBoot Commander™ 
Control up to 96 file servers with just 1 

keyboard, monitor and mouse! 

• Supports all 100% IBM compatible computers 

• AutoBoot'" feature boots computers without user Intervention 

• New KeyScan•• feature for keyboard·controlled scanning 

• Jumperless support for analog (VGA) and TIL video 

• Add a second control center up to 150 feet away 

• 
cascade up to 12 units 
Each unit controls from 2 to 8 PCs: 

Cybex Corporation 
4912 Research Drive Huntsville, AL 35805 USA 

(205) 430-4000 (205) 430-4030 fax X cYBEX'"
PC, PC/ XT, PC/ AT, PS/ 2 and IBM are reel•tered trademark& of IBM Corporation. Macintosh I• a re&lotered 
trademark of Apple Computer, Inc. Microsoft and Loeltech are trademark.a of their respective companies. 
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More ProducliVilV... 
Greater Control In Your 


Computer Classroom 

CLASSNET is apowerful video network that puts every 
monitor, mouse and keyboard in the instructor's control. 
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to the entire class and hardware; with or without LAN 
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then take over keyboard and mouse and motion video - up to 64 computers 
~ Interact with students without leaving ~ Available with fast file-transit, E-mail and 

your desk intercom functions 

~ Darken screens for immediate attention 

~ Broadcast multimedia, VCR, Laserdisc, 

TV to student computers 
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State of the Art 


multiple standards routers have more com­
plex switching logic than bridge , with as­
ociated delay. and added co t. 

either the c lassical bridge nor the 
router i a connection-oriented witch, and 
this presents problems. Connectionless 
switches do not maintain an end-to-end 
link thu eliminating the possibility of 
data streams and i ochronous traffic. 

What's in a Name? 
To al low each of it port to operate at it 
maximum rate, a witch must hand le the 
total potential traffic volwne of all attached 
nodes, a weU as switching overhead, the 
extra code bits assigned to each data-traf­
fic unit. These traffic units might be vari ­
able-length Ethernet frame or constant­
length packet~,. uch as 53-byte ATM cell . 
Xedia's Smartswitch architecture, for in ­
stance, u es a 64-byte packet for Ethernet 
switching. For variab le-length packets, 
software must determine the beginning 
and end; thi introduce complexity and 
takes longer. Fixed-length packet switch ­
ing can be implemented completely in 
hardware, which i faster. 

Switch type can be defined by function, 
by the traffic uni ts switch d, or by hard­
ware c nfiguration . M st people are fa ­
mi liar with fun ti nal labe l - bridge, 
router, and switched hub. The traffi c-type 
label- rame Relay, themet, token ring. 
Fibre Channel, and ATM cell- t lls you 
the intend d use, but it gives no clue a. to 
what' happ ning in. ide the box. What's 
happ ning inside the b x det nn ine th 
relative advantage and di sadvantage . . a · 
well a the adaptability to futur need . 

everal vendo produce so-called uper 
hubs (or, a ynOptic C mmunication. 
ca ll its Mode l 5000, Network enter 
Hubs)- witche that support ome om­
bination of Ethernet, token-ring, FDDI, 
ATM , and WAN connections. Cabletron 
Sy terns, Com, and other have products 
in this category, but only Cabletron cur­
rently upports a ll those topologies. 

Approaches to Packet Switching 
Generally peaking, there are three type of 
packet-switching hardware: hared-mem­
ory ystem , hared-bus design. and mul ­
tistage matrix switche . But imple cate­
gories don 't define all the product , and 
vendors' definitions don ' t adhere to any 
particu lar standard. No one de ign eem 
dominant for any given type of witch. As 
a re ult, a savvy network manager needs to 
as imilate an intimidating array of infor­
mation before making deci ion . In fact, 
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Quad 100-MHz Pentium 

MultiProcessing! 


As it name suggests, the new ALR 
Revolution Q-SMP™i~ nothing 
short of revolutionary. Even in its 
ba e configuration, this system tow-
rs over the competition in both 

perfom1ance and value. By combin­
ing fast 90- and 100-MHz Pentium 
processors with 256-KB of level two 
write-back cache and our own perfor­
mance boosting interleaved memory 
ar hitecture, the Revolution Q-SMP 
easily clocks over 110 VAX MIPS. 

But that type of power i nothing 
compared to this system's ultimate 
potential. Thanks to its unique 
ALR Q-SMP modular architecture, 
the Revolution Q-SMP can accommo­
date up to four 90- or 100-MHz 
Pentium processors. It would take a 

small room full of 66-MHz i486DX2'" 
systems to equal this type of sym­

metrical multi­
processing power! 
More importantly, the 
Revolution Q-SMP 
complies with the 

P.f!.'1,i~Q'f newly issued Intel• 
MP Spec v l .l '" multi­

processing standard, making it 
compatible with oon to be relea ed 
"off-the- helf" multiprocessing ver­
ions of the most popular multi­

user / network operating systems. 
Matching this seemingly bound­

les proce sing power is a cavernou 
double-wide chassis with r om for 
over 14-CB of fully acces ible disk 
storage (over 22-GB with soon-to-be 

• 
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To join the new revolution in 
server technology, visit your local 
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and sizes 
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price-per-port co ts, even within a . ingle 
category, range all over the place. 

hared-memory and hared-bu archi­
tecture have common elements. Both 
buffer 110 in memory that's connected to 
the witch logic by a bu . The hared­
memory design generally relie on a logic­
managed common pool of memory for 
witching between ports while the shared­

bu de ign u e a bus whose bandwidth is 
significantly higher than the accumulated 
demand of all attached port . 

A multi rage matrix witch i an array 
of witching node each with two input • 
two output , and a control line. Any input 
can be directed to any output. A number 
of ATM witches use the multi. tage-ma­
trix- witch de ign. Becau e ATM cells 
are fixed-length, each node witch in the 
matrix can be a imple. fast low-co t part 
such as an ASIC (application- peci.fic IC) 
or FPGA (field programmable gate ar­
ray). XiLinx (San Jo e, CA), the leacting 
FPGA vendor, ha done extensive re­
earch on multi tage matrix switches such 

a · a Banyan or Benes implemented in a 
ingle FPGA. 

ATM witche are not alway. based on 
the multi ta -matrix- witch de ign. re 

y. tern (Warrendal , P ) u e a variation 
n the hared-bu th me in its contenti n­

le s time-di vi ·i n ar hite tur , and it ha 
s Id m re ATM witches U1an anyone 
el e- th ugh that may al o be a function 
of availability. or cit ~ ur advantage 
~ r TDM (Lime-divi i n multiplexing): ll is 
nonblocking, ha · a predi tably low latency, 
provide integral multica ting with ut 
copying, and will support flcxibl inter­
fac peed . 

Nonblocking means it won't prevent an 
in ming cell from entering the swi1 h fab­
ri , because the fabri has greater capa ·ity 
than any p s ibl load. Multi tage-mau·ix­
witch vendor have reduced, but not elim­

inated, traffic ontenlion in the sw itch 
fab1ic. Fore's ForeRunner A X-100 offer 
the lowest laten y lime for any ATM 
switch !hough matri switches are almost 
as fat. To perform a multica, t. a multi ­
stag matrix witch ha to copy cells at ap­
pr priate witch next until it end pa ket 
to the correct output ports; this adds traffic 
to the witching fabric . The ForeRunner 
end only on copy of any cell onto its 

bus, and ports take it off as necessary. 

WANs at Speed 
Switching i an expensive propo ition , 
though cheaper than replacing NlCs and 
rewiring a network to gain speed. But for 

wide-area applications, limiting co t are 
not for hardware but for data transmis ion. 
For in tance, maintaining a connection be­
tween Chicago and Minneapolis on a T32 
link-a 32-Mbp link equivalent to Tl 
Line -costs clo e to $30,000 per month. 

The trick i to provide bandwidth on 
demand at all levels. Currently, most WAN 
connections are provided through PVC 
(permanent virtual connections), whose 
parameter -but not nece arily route ­
are established in advance. On the other 
hand VC ( witched virtual circuits) pro­
vide resources as required, with bilLing ac­
cording to u e. SMDS (Switched Multi­
Megabit Data Service) and Fran1e Relay 
vendors are expanding their SVC offer­
ings, but ome time-sensitive applications, 
like voice and full-motion video, J·eally 
work be t with the mall cell size and hort 
latency of ATM. Mo t WAN connection 
are supplied by routers, though the trend i 
moving from the circuit-switched router 
to the packet-switching variety. 

Virtual Networking 
One of the intere ting and exciting pos i­
bilities of witch technology i vinual net­
w rking- using oftware to reate net ­
w rk u er egm ms r gard le of physi al 
I ati n r conn ction type. The goa l i 
to make participants app ar local t ach 

ther to facilitate communication. 
F r a phy ical n twork, the network ad­

minisirat r can map ut w rkgroup. , 
tabli . h c nnecti ns, and collect manage­
ment data. in a virtual network, thi is not 
so ·imple. ln facl, at thi point. virtual net­
working seem to inlroduc mor prob ­
lems for both network managers and user 
than it ol e.. For in. lance, h w do y u 
mainiain routing addre convention if a 
u er belong · l tw or m re network ? 
For that matter, can a ingle node exist in 
two virtual networks imultane u ly? How 
do you guarantee data security? 

Where the Technology's Heading 
witched networks will take us into the next 

generation of communications. Integrated 
voice, data, and imaging over any di ·tance 
i only possible with the performan e that 
dedicated bandwidth can provide. 

The promi e of the lnfonnation High­
way wi ll come true only when people can 
economically deliver thi power to every 
de ktop. Switching is one of the key com­
ponents that will make that happen. • 

John Bryan is a freelance reclmo/ogy writer and 
consulta/lf based in San Jose. Ca/ifomia. You can 
reach him 011 BIX c/o Heditors. " 



Conner 's CR6-RAID . The first full 

featured RAID level S system that delivers 

fast . fault-tolerant access to mission critical 

data . With over 36 million disk drives 

shipped to date, you can count on Conner 

for reliability, performance and superior 

technical expertise. 

l n11111·r deli, l'I°' mon' fr.Hun·, for' our llltllll' \. 

Features Conner CR~RALD Mirroring/Duplexing 

Fault tolerant capacity 5.0GB 5.0 GB 

User definable rebuild YE NO 

Includes SCSIhost adapter and cable YES NO 

Remote Array Management GUI YES NO 

Hot pare capable YES NO 

Hot swap drives YES NO 

List price SI0,995 SH,500 

Co tperMB $2.19 $2.90 

So access your data with Conner-the 

Storage Solutions Company. Call your 

reseller today to 

order or call Conner 

Storage Systems at 

l - 800 -7SS- OS3S 

for more 

information on our full line 

of tape drives, disk drives and 

disk array products. 

Features 
Bootablc (docs not require 
sc mtc boot del'icc) ti ti 
Hot spare ti 
User definable rebuild ti 

ti 
ti 
ti 

,..,,.••••r!'JR 

ti 

ti 

The Storage Answer.~-··-- " 

' CRl>-RAID mus1 be purchased between 6/V94-9/IS/94 

Proof or purchase and serial number reqtmarton required 
Conner Storaqe Sys1ems. Lake Nu1.ry. Ft. (4(]7) 263-3500. Cll994 Conner Peripherals. Inc. 

All trademarks or registered LTadernarks are property of theu respective owners. 
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At a certain point, 

everyone understands the benefits 


of RISC over CISC. 


ln tl1e debate over which microproc or te h­

nology j b t for today' em 1·ging computing 

needs, th r ' one point on which everyone 

can agree. 

It' the one in the middle of the chart to 

your left. And what it iJJu trate i that, over 

time, mi Toproces or 

power db RISC t cltnol­Update 
---~--- ogy will outperform tho 
In July, we shipped driven by 15-yeai~o]d CJ C 

our one millionth arcb_itectw-e. 
PowerPC 60l 

That' vital new- for very­
microprocessor 

one who makes or us after just ten 
per onal omputer . B caumonths of 
th fa Li , ill.i:tk · the ·Ira ­

-------- ordinary procc · ing po' r of 
HI ·hip lik rP forniJ to dri · 

produ<'lion. 

•M 

to narn · a f w. 

0111 oJ tit e LarLling apabi litics arc 

air •ad at work in ad anccd P . and work­

talions. Two a ·claim ,cl xample. an : IBM 's 

HI t m/ ooo'M \ orl· talion and App lC' 's 

P WC'r Ma ·into h'M erie , b Lh po' ered L our 

PowerP 60 t'."' mall r, fa ter and l · xpcn­

sivc to produ than non-RJ. hip ·, th 60 I 
it po ibl for Lh e e ystem to run fa.ter 
I -ba d mod l , t ·o l roughly th 

am. 

Of com-e, all the e advantage are hardly 

accidental . The fact i , because RISC {Reduced 

Instruction et Computing) processors carry 

only the mo t frequen tly u ed instructions, they 

offer treamlined performance levels that CISC 

(Comple Instruction et Computing) chip 
simply can't match. p ci£cally, the impl r 

in truction impl mentcd in RISC processors 

are typically e ·ecut din one y tern clock cycle, 

while CISC in tructioa often take five or even 

fifty ystem clock cycle to e ecute. The re ult 

i that the average number of system clock cycle 

per in truction in RISC typically eliminate 

advantage tout d by 1 manufactu r r . 

And th b l i t t ·om . in 
ba d P w rP chip arc built with 113M 
·up r calar t ·hno l rf, we 

·an all I k ~ rwa rd to ev n 

rr atcr p rforman e bcn li ts 
down th road. Right th i 
minut in fa t, y t rn 
from palmtop to high-end 
work talion arc uncJcr 

dcv ' lopm nt utilizing lBM' · ,.. 
Pow rP 603 PowerP 

60L( <Lnd Pow rP 620 ·~ 
11 I arn h w IBM I w rru ropro 

·ors ·ru1 work for you, caU JBM Mi roel ctronic •M 

I i .i ion al 1-800-Pow r P , xt. 1430 ( EM ') , 

• t. 1440 (programm r) and ex t. 1450 ( nd 

u · ·rs). 

On e ou kno\ th fact ab ut Pow rPC, 

cboo ing anything le ill e m pointl 

==--= 1:' =® 
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A18a' PRESENTS RIO 6.3 ·THE FASTEST, EASIEST, MOST 
POWERFUL GRAPHICS SOFTWARE IN THE WORLD. 
For almost acentury, AT&T hos provided INNOVATIVE technology designed to help you communicate. With the new RIO 6.3, 

AT&T givesgraphic artists and corporate users POWERFUL drawing tools to communicate their ideas with ease. We're talking 

about features that you can use to produce the kind of graphics commonly seen on television. Imagine automatically generati ng a 

shadow for any text or object and controlling the light source, intensity, and drop. How about adding filters such as emboss, 

posterize, and soften to vector images ­ this is THE BEST of drawing and paint programs combined I Its ability to morph and 

envelope text is UNSURPASSED. We've even included 250 high-quality PostScript fonts to get you started. All this power and • Over 250 Pos!Saipt lYfl8'l fonls 
• Hos the best of druw (veclor) and 

lightning FAST too, that's how we beat the pants off our competition. • The list of features goes on, but the best feature 

right now is our unprecedented offer. The first 50,000 respondents can purchase RIO 6.3 for only 599. 

- RIO normally sells for S495 ...whoa ! Better yet, you con try it FREE for thirty days! When you see 

RIO perform, and experience how EASY this graphic powerhouse is to use, it'll knock your socks 

off! So call now and order your copy to use for FREE. 
Circle 176 on Inquiry Card (RESELLERS: 177).-ATs.T CALL 1·800-896-6544 


point (roster) prog!ORIS 

• Text enveloping &fit text to paths 
• 24-bit inlallJctive display 
• Emboss, pixelize, pl!Sllrize, soften, 

negative, &groys(ole 
• Mop imoges ond l8X1ul8s to any 

shape or text 
• O~ect om text blending 
• Muhkolor radial and hneor 

gru01811tfil~ 



State of the Art 


DIGITAL REMOTE ACCESS 

Digital phone links are finally becoming more widely available and fast enough to link 
remote LANs and workstations. Frame Relay, Switched 56, and ISDN are the services to look for. 

JEFFREY FRITZ 

R emote acces. to enterprise networks 
used to be in the same class with 

caviar, expensive limousines, and upper­
class beach resorts-a luxury available 
only to a privileged few. Because connec­
tions to corporate computing services from 
offices or homes required a fair amount 
of engineering by the telephone company 
and MIS, they were neither easy nor cheap. 
Changes required issuing phone company 
work orders and were frequently out of 
the question. Eventual ly, even making new 
connections became difficult, as unused 
copper pair. in the telephone company 's 
cables became scarce. 

In addition, you needed a dedicated ter­
minal to access corp rat information sys­
tems; this equ ipment was in ·tailed in cor­
poral offices and perhap. a few rem te 
locations but wa too expensive to place in 
empl yees' homes. 

To lay, a. corporations move away fr m 
mainframe-based systems and onto LANs, 
terminals are being replaced by personal 
computer . P s and LANs facilitate re­
mote access to computing resources but 
don't, by themselves solve the problems of 
remote connectivity. The key that unlocked 
the door to the remote office was the ar­
rival of affordable, reliable digital telecom­
munications services coupled wi th inex­
pen ive network hardware. A variety of 
digital telecommunications services now 
support remote connections to enterprise 
networks. Among the m l common are 
Frame Relay, £SD , Swi tched 56, and Tl . 

Frame Relay Initiall y designed as a barrier ser­
vice for ISDN (which in turn was ori gi­
naUy intended to be the front-end access to 
WAN [wide-area networks] and metro­
politan Frame Relay networks), Frame Re­

~ lay has become an independent technology 
based on the X.25 protocol. ormal ly,

§
0 

X.25 incorporates extensive error checking 
~ at every node in tbe circuit. Frame Relay's 
g creators, assuming operation over reliable 
(/)

a:
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State of the Art Di~tal Remote Access 

THE ANALOG ALTERNATIVE 
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digi1al links, removed Lhe error checking to 
provide grearcr efficiency. 

ISDN Most RBO s (regi nal Bell opera1 ­
i ng mpanies-th ff pring of the 
AT&T breakup) have on. idercd lSDN l 
be, in one form or another, the mainstay of 
their residential and business t lee mniu­
nicati ns services. The problem is, they 
kept l DN a secret, which ha delayed its 
deployment and al o c nfused users. The 
can-ier generally b lieve that ISON can 
meet the voice, video, and data needs of ai­
m t every u. er. 

I DN comes in two primary navor : 
BRI (Basic Rate Interface) and PR I (Pri­
mary Rate lnterface). BRI ISON offers 
what' called a 2B+D service (i.e .. it has 
two 64-Kbps B [bruTier] channel and on 
16-Kbps D [data] channel). PRI, at least in 
Nonh America, has 23 B channels and one 
D channel; all PRl channels are 64 Kbp . 
Each B channel ca11 uppoti simultaneou 
and independent voice, video, or data con­
nection . Therefore, one BRI can support 
voice plus two data calls; voice, video, and 
data; or multiple data calls. The choice i. 
up to the user. 

Lt's becoming easier to order ISON, but 
it's far from one-stop shopping. Recently 
I attempted to get rates from Bell Atlantic 
for an ISDN busines connection. It rook 
three separate call. to two different Bell 
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tllele prolocols add - .,..... 
.............d_ CIDllriHI .... 

... 9800.... ........ be .... fw Ille CIOll­
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_,.............................. 

AppleT......._.._.......MIC 
tD 11111 lalD • AppleTall llllwGrll. Nelworll 
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•••• lt1ud rwi111_18._T.._............. 
..............,_._......... 

.................,a-a•••• ..,.. 
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....._...... ...... ..,...1:.. 

Atlantic ales ag ncies bcfor ' I had the in ­
formation in hand- and I kn w exactly 
what I wanted . l pity the poor u er who 
doe n' t know what to ask for. 

Digital 56-KbpsService Ider than 1 DN digital 
56-Kbp s rvice i till popular. It ome. in 
tw varieti s: dedicated and switched . 
Dedicated 56 is a hard-wired crvice con­
figured mu h like older copper ircuit . 

hanges require work orders and several 
day . As with I D , witch d 56 can 
place calls to a variety of destination . The 
user dials the connection, u es the service, 
and then hang. up . 

Switched 56 ervice ha its flaws, in­
cl uding an intolerably long call-setup time. 
The telephone carrier. ' in-band signaling 
y terns can set up only one node at a time. 

lf multiple node are needed, etup can 
take a considerable amount of rim· (e.g., a 
coast-to-coast connection can take more 
than 13 ·econd and in-state calls aren t 
much fa ter). Thi long delay is deadly to 
mo t network applications, which are like­
ly to time out weII before the connection is 
completed. 

Digital 56-Kbp ervice provide con­
nectivity, but it' ' expensive. Generally 
56-Kbps service costs more than ISD 
and offers Jes than half the bandwidth and 
half the channel of a BRl . ln some cases, 
56-Kbps e1vice can be nearly as expensive 

a Tl service. A a re ull, it is rarely used 
for residential connections. 

Tl The digital main tay for corporate net­
work , T 1 service bas a bandwidth of 
l.544 Mbps and is commonly used to con­
nect various enterprise network site . A 
variant, called Fractional T l is related to 
lSD 's PRJ service; it breaks the TL pipe 
into multiple channels. Tl lines are ex­
pensive and thus are rarely run to home 
offices and small businesses . 

Personal Bridges 
The appearance of low-cost network de­
vices is radically changing the deployment 
of digital ervice . Unti l recently bridg­
ing or routing equipment was expensive . 
Connecting a remote site required two 
bridges and a pair of CSU/DSU (channel 
service unit/data service unjt) devices, or, 
for ISDN a pair of terminal adapters. The 
tota l cost of all this gear was well over 
$30,000-far more than i to be spent for 
a single user. 

Today, fuU-featured JSDN Ethernet 
bridges, as well as internal PC card · that 
erve as bridg or router ·, are available for 

under $2000 . Sing! -user. 'pcrsomtl " 
btidges can b f und for around $500-not 
much more than a hi gh- pc d ana log 
modem costs- and that in ludes every­
thing you r quir on lh remote , ide, ex­
cept ~ r the P , NI (network interfa e 
card), and network software. Thi i a co t ­
effecti ve way t connect homes and mall 
busi ncs es to th corporate or university 
cntcrpri e. 

Ramming 10 Mbps Down a 128-Kbps Pipe 
It' important to maximize the efficiency of 
slower-speed digital links u ed for remote­
network acce . And Jet' s face it, ven 128 
Kbp i. · low when compared to typical 
network bandwidths. 

We 've all seen what happen. during a 
heavy torm when rainfall exceeds the ca­
pacity of th storm drain - the treets get 
nooded and dangerou . The ame hold. 
for interLA connections. LAN bandwidth 
is typically I 0 Mbp for Ethernet and 4 to 
16 Mbp for token ring. ISDN' 64-Kbp 
channel achieve. onJy a fraction of tho. e 
speeds and, at first glance, seems inade­
quate for connecting networks. 

In practice, this isn ' t really a problem. 
Although I 00 user may share a 10-Mbps 
Ethernet network, each u e only a fraction 
of the available capacity. The entire band­
width of a 64-Kbp lSD link, however, 
can be devoted to a single user. ln addition, 
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Token Ring. 

TokenRx. A line of Token Ring network adapters 

a'ul multi-station access 1mit1tbat/ea/tire on-site 

support by IBM's own Customer Engineers. 7be 

adapter cards featw-r 100% IBM drimr compatibili­

0'. theIBM designed TROPIC chip and aretail price 

of less than $400. 

Ethernet 

Our EtbeR\'family of!SA and £/SA 6Jbemet 11etUXJrk interface 

cards, dual interface pocketadapters, concelltrators and trans­

ceivers provide so/ti/ions for a wide range of Elbemet co1111ecti1>­

ity11eeds. With 1mcompromi1ed reliability and compatibility 

plus value pricing. EtbeRx is theideal Etbemet choice. 

PCMCIA Ethernet Cards. 

Combining fruitlS!ry leadingperfon11a11ce 

with a retail price of less than $200, 

EtbeRx PCMCIA cards are setting11e111 

They are availablein botb 

IOBase-Tand J0Base2 

ue1sio11s, supfXirt the 

widest range ofT)pe n 
compliant notebook, 

laptop and desktop systems and are 

compatible tuilb all popular network 

operatingsystems. 

OUR LARGE STRIDES IN MEMORY 

HAVE LED US INTO N ·ETWORKING. 

Certified CompatlbWiy. 

~ Kings1011 11e1111orki11g products 

~ are certified com1x1ti11lell'itb 
~,...,.with /'' . ,(/Net\to.bni Noi-e •Netware, MrcrosoJ' 
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~ and Banyan VINES. 

Kingston Rellabllity. 

Network users etl)OJ' tbe same 
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prod11ct is i11dftlid11ally tcslt'fi prior to shipping, supported 

by free comprebensive tee/mica/ assistance a11d is bad>ed 

by a fi/}(l·year wammty. 

More lnformatlon. 

For more infonna/1011 011 tbe Kf11gsto11 /i11eof11etu'Orlti11g 

products, co11tact }'Ot11· 11earby Kf11gs1011 dealer or call 
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not all network traffic needs to u e the 
slower-speed Link. Most LA traffic re­
mains local. Only traffic going from one 
LAN to another crosses the link, and thi i. 
typically only a small percentage of the 
total. Keeping local traffic local is the rea­
on you connect network with bridges or 

router in the fi.r t pla e. 
Also, many exi ting network devices 

them elve - repeater , bridges. concen­
trators and N!Cs-act a bottleneck to 
network peeds. Tests performed on pro­
duction LAN al West Virginia University 
indicate that, on a IOBase-T Ethernet, user 
throughput is typically no more tban 700 
Kbp . On a busy Ethernet or on one using 
slower NlCs, actual u er throughput can 
drop to around 300 Kbp . Using data com­
pre ion, ISDN bridges ca n provide 
throughput greater than 210 Kbps. Thu , 
the apparent difference in bandwidth i n t 
nearly as marked as it first appears. 

We t Virgi nia University has networks 
in which 50 users are connected through a 
single 64-Kbps ISD channel. Because 
the user perform interactive work (pri­
marily databa e lookups) rather than fi le 
transfers, their traffic requirements are rel­
alively light. The connection is so efficient 
that the u ers can' t tell whether they ar 
c nn tcd thr ugh I DN or directly to the 
rern ten twork . 

Bandwidth on Demand 
Bandwidth management i th key Lo u ­
ce sfu l op ration of digital link . uppo e 
that a n 1work' connection requir ments 

change-for example, additional remote 
work tat.ion are added or a remote work­
. tation begin performing highly data­
inten ive task - and the ingle 64-Kbp 
connection no longer provides enough 
bandwidth. To upport user ' need . you 
simply add bandwidth to the connection 
in the form of additional B channels. 

lSDN network device can aggregate 
multiple B channels into one virtual chan­
nel. For example, many lSD Ethernet 
bridges combine the two BRJ B channel 
to provide 128 Kbp of aggregate band ­
width. This is achieved behind lbe scenes, 
using techniques uch a. Multilink or 
BONDing (bandwidth on demand). Mul ­
ti link i a software-based method for 
adding channels to the network connec­
tion. BONDing doe much the ame thing 
in hardware. [t is more expensive and 
take longer to se t up or change than 
Mulcilink, but it has found favor in video­
conferencing application . Whether Mul­
ti link or BONDing i used, the result is 
the sa me- bandwidth i added as re ­
quired. Users and network applications 
are none the wiser; all they see is a wider 
data-throughput path. 

Multilink and B NDing arc dynamic. If 
on channel i sufficient, only n channel 
is u ed. When the link needs to pa more 
traffic. the network devi e places more 
ca ll · and adds hannels a. needed. When 
traffi c demand fall off, th e tra hanncls 
ar dr pped. Thus at 
any given moment, AllHlllGllll• _.......... ..,

the n twork is using .. ........,alll11 


~~~~~~~~~~~~~~~~~~~~~~---J. ........... 


..iw....u.­Authentication at the Bridge .......... 


...._"81 lllCll 
Mainframe Unix ...... ,........ 


server llltllplo-­
PC me .... H•lotlla. 
serverm~ 

~ 
~ 

EJ .... --­Network bridge bank 

[I Remote user bridge places a call to the authentication bndge. 


fl Authentication bridge validates the user. 


EJ Authentication bridge Instructs an open network bridge to call 

back the remote use~s bridge and establish data connection. 

Enterprise 
network 

only the number of channels it requires to 
handle lbe traffic aero. s the link. ThL min­
imizes connection costs. 

Filtering 
One of the most important ways to.equal­
ize digital connections with higher-speed 
LANs is filtering, the elimination of un­
wanted network traffic. For an enterpri e 
network operating with a wide variety of 
protocol , filtering can add up to 30 percent 
more effective bandwidth. If you don ' t 
need to tran port multiple protocol across 
the link, it 's better to filter them out on 
the enterprise ide of the network. 

Networks frequently contain multica t 
and broadcast packet , which are bad news 
for a narrow-bandwidth network connec­
tion. They con ume considerable band­
width and, in many cases, represent su­
perfluou traffic. Every network device 
receive multica t and broadcast traffic, 
and many devices generate it. On a large 
network, thi represents a lot of traffic that 
i n' t nece sarily relevant 10 the remote 
user. A . erver on the enterprise LAN may 
simply be looking for a local client when it 
send out multica t or broadcast packet . 
These quickly add up and , on a large net­
work, can become quite num rous. This 
i n 't much of a pr blem on a 1.544-Mbp · 
Tl link, but it can make a big di ffer nc for 
lower link lik ISD . There have been 

ca ·e ·of network· with ver 128 Kbp in 
multica. t traffic al ne. 

Whil tilt ring an igniticantly reduce 
multica. t and broadcast trafti , be careful 
not to eliminate th m wiLhout first ana ­
lyzing whether network ervices will be 
adver ely affected. Som network proto­
co l a tually require broad a. Lor multi ­
cast traffic. For exam ple, a network can 
age out a remote w rk talion that hasn ' t 
be n heard from in a while. If there i ub­
sequenl traffic for that work ta lion, the 
ARP (Addre s Re olulion Protocol) won't 
find it in th device table entries , and the 
network may have to end out a broadcast. 
Al o, if broadcasts are careles. ly fi ltered to 
the remote workstation , the network won't 
be able to locate the workstation . 

Although not u ed a often a protocol 
filtering, addre s filtering can prevenc 
packet~ from reaching particular device on 
either side of the network. This might im­
prove perfonnance or add ·ecurity options. 

Security for Remote Access 
There i an increased risk of unauthori zed 
activity any time network access is given 
to more peopl e. This problem is parti-

Remote PC 
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Why Back Up? 


Move forward 

with BEST for just $133! 


---~-

Get your hands on the best power 

protection value on the market 

today - the new low cost, high 

quality Patriot' models from BEST. The 

new Patriot models surpass APC's 

Back-UPS' In all the Important 

categories. That's because we designed 

the new Patriot series to provide 

highly reliable power protection, with 

the best price/perfonnance in Its clas.s. 

If you're using computers today, you 

know you need power protection. Here are some of the ways the new Pauiot 

models outperfonn APC's Back-UPS' line: 

• BES'rs new Patriot 250VA model gives you up to 70 percent longer 

runtime. 

• In multiple-blackout situations, the Patriot 250VA model's runtime is 

more than 150 percent longer than the comparable Back-UPS' model. 

• The Patriot series is UL 1449 rated, whlch means i~s a high-quality surge 

suppressor. 

There are more reasons to choose BEST. For one thing, BEST was named 

the leading manufacturer of network UPS products for the second consecutive 

year in the 19<)4 VARBusiness magazine survey. This swvey shows that BEST 

BEST APCCOMPARE Patriot• Back-UPS• 

$139$133250VA list price 

250VA full-load runtime 8.5 min. 5 min. 
-

250VA runtime afler 2 blackouts• 8mln. 3 min. 10 sec. 

400VA list price 
--- ­

$219 $229 

6ooVA list price $379 $399 -
UlrCertlfied surge suppression? 
(All models up to 850VA)• YES No 

ranks rl!SI in reliability, overall 

quality, and technical support. In 

fact, BEST won 12 of the 14 survey 

categories. And if you need power 

protection systems for more than 

small IANs or Individual P~. BF1>'T 

has a full product line up to 18 KVA. 

You can buy the new Patriot 

models today. Don't back up. Move 

foward with BEST, call 

800-356-5794 ext 6166. 
'We fuJJy appredale the .{Jlmonal commitment BFS'J' bas made to lls wstomers and 

resellers.• 	 Karen Dieffenthaller, Electrotcc U.S.A. Inc. 

'It's wonderful to see a company a'ld manageme11l wbo care a'ld are really Interested 

In tbe customer and rese/Jer.• Rex Ennis, Blackstone FJearic, Inc. 

P1triol 11ld Power P.11U1Cf m mdmwks 


o/Bar "°""' Tcduiolo!ll', In<. Your Quality Power Partner™ 

8'cl:.\Jl'S 0 I lt>dcmu\ of Amcrian 
"""" Comcnlon CaponlQt (>J'C), 
whidi ;, no1 ilflhtcd wilh BEST. Best Power Technology, Inc. 

P.O. Box 280 Ne<.'Cdah, WI 54646 
'Two-bow ~ - OUIJgU. Finl - r,,. minulcs 11 full loid 
(IJll •'1lll), IWl>hoot """'8<•.tCCOOd bb<lout, thco"""""" ""'2A>ml. 800-356-5794, ext. 6166 

........................................................................ .. ................ ... .. ................................................... 


* WFl ' ili" 

U)BUYERSU!i':mw:· • 	 C HO ICE CHOICE 
AWARDS AWARD 

iffHEl lHllHij ''***™""'+ + 
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bridge send a password or a Atransmission Is split and sent along two different routes, Bl and 82, but Bl takes ew York City (see the figure 

cularly acute with dial-up connections. 
Unless appropriate controls are in place, 
anyone can dial into the network. 

Remote network devices typically pro­
vide some form of security. The most com­
mon methods are ICLID (Incoming Caller 
Identification) and authentication. Digital 
ervices such a TSD can automatically 

supply the telephone number of the call.ing 
party . erwork devices can check the 
fCLID before accepting the call to deter­
mine if the call is coming from a legiti­
mate user. If the number isn' t 
recognized, the call is rejected. 
This simple ecurity procedure Split Telephone Routing 

131 cha11neli n t foolproof. lt won't work route -=:::::::::_
if the call originate at a loca­
tion that doesn ' t issue the 
calling telephone number, 
and it can be fooled by u ­
ing call forwarding to route 
the connection through a 
second number. 

A better method of imple­
menting ecurity employs user 
authentication. Here the remote 

random number called a cha/­
lenge, depending on which authentication 
schem is u. ed. The network bridge C{ m­
pares the pas. word with a stored su'ing or 
pcrfonn a compurati n on the challenge. If 
they match, the user is authenticated and 
given a ce s t the network. 

A . cparate authentication bridge an be 
used. As can b seen from the figur "Au­
thenticati n al the Bridge." the authenti ­
cation bridge accepts call s from remote 
users. It vcrific that th call originated 
fr m a legitimat bridge. The authentica­
tion bridge then finds an open bridge in 
the network bridge bank, instructs the open 
bridge to call the remote u · r back, and 
drop the original all from the us r. This 
arrangement not only pr vide · security 
but al o make, it possible to perform call 
billing and charge-backs from a central 
location. (For a more complete di scus. ion 
of network . ecurity i ue and available 
control mea ures ee "Distributed and Se­
cure," June BYTE.) 

You Can't Get There from Here 
The network ide of the remote LAN con­
nection is important. Digital services are of 
little value if there isn't anything to connect 
to on the other side. It' one thing to install 
an ISON, Switched 56, or Frame Relay 
line. It 's quite something else to provide 
real connectivity through the digital net­
work. Whether it' s the corporate comput­

ing system, the Internet, or the II (Na­
tional Information Infrastructure) , there 
must be a destination to connect to on the 
enterpri e side. For the lnternet and the 
NTI in particular, many questions are yet 
unanswered : Who will provide network 
access? How will they do it? At what cost? 

How to coordinate network acces i 
an increasingly hot issue. If normal tele­
phone service was like these digi­
tal connections, 1 would first 
have to . end you a letter ask:ing 

significantly longer as 82, because It involves a sateUlte uplink. 

y u what kind of phone you hav . I need 
t know becaus my phon will only work 
with equipment that is from the same man­
ufactur r. If your equipment is differ nt 
from mine, we an't talk. 

ounds ridicul us, doe ·n' L it? nfortu­
nately. thi s situation i. very c mmon in 
remote-n twork a ces . Before we can 
conne t, I must know the an wers to a 
number of important technical questions: 
What equipment <lo you have- a bridge 
or a r uter? What vendor made the equip­
ment? Which network proto ol r pr ­
tocols should be used? an your phone 
n twork connect to my network? What 
network addres e an l use? Gathering 
all thi information from every network 
you want to connect LO would be a night­
mare. This i. a big problem with I D . 
which has many different fl avors thal don' t 
all interoperate. 

Happily, Bellcore, the research arm of 
the RBO ha developed a . tandard that 
addre ·se ·ome of the e is ues. Cal.led N­
TSDN (National ISO ), it provides for a 
series of progressive interconnection stan­
dards for lSDN voice and data service . 
Currently, N-1 DN I and -ISD 2 have 
been widely accepted by witch vendors 
and service provider . Work continues on 
an even more robust version, N-lSDN 3, 
which is planned to be the final iteration. 

Many vendors realize that interoper­

ability is critical to sales. The Enterprise 
Network Data Interconnectivity Family of 
NIU-F (the North American ISDN User's 
Forum) will soon relea e an interoper­
ability agreement that will allow any ven­
dor' s bridge to talk to any other vendor' s 
bridge. A simjjar agreement will cover 
router-to-router communications. (Sorry, 
no router-to-bridge agreements yet- unless 
your router can pretend to be a bridge.) 

These won t resolve all the interoper­
ability issues, but they ' re a good 
start. With full device interop­
erability, national and interna­
tional standards , and a simpli­

fi ed way to order digital line , 
plug-and-play networking may 
yet be possible. 

Packet Resequencing 
Moving data between networks 
presents another interesting prob­
lem. Consider a network in 
Washington, D.C .. that is linked 
via a multiple-channel connec­
tion to an enterprise network in 

"Split Telephone Routing"). The 
tel ph ne network direct the call on chan­
nel Lw over a fiber route directly 1.0 New 
York. But the phone system s nd the 
channel-on connection via a satellite link 
that goe thr ugh incinnati before it 
reachc New York. trang a ' this ounds, 
it lrnpp ' ns all the Lim . Two calls pla ed 
one ri ght after the ther may r utinely be 
given very different routings. The routes 
aren' t necessarily short, either; the tele­
phone company network u es lea. t-cost, 
not short . t-length , algorithms for routing 
call connections. 

Wi th the link in pla e, the Washington 
bridge is ready to end it. traffic. The table 
''Puttin g Packet in Order" how the 
sequen e in which packets are placed on 
the two channel and the order in which 
they arri ve at the de. ti nation. A the table 
hows, the bridge alternate: channels, put­

ting the fir t packet on channel one and 
Lhe econd on channel two. However, be­
cau. ·e of the longer tran missi n delay on 
channel one, packet number two will arrive 
well before packet number one. In fact , 
for much of the transmjssion, New York 
will see two packets arrive from channel 
two for every one that arrive from chan­
nel one. A very nasty situation. 

Some network protocols (e.g., TCP/IP) 
aren t bothered by packets that arrive out 
of sequence; they ju t rearrange them in 
the proper order. Other protocol may 
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compared to the compatnlon,l'.A-Realla II 
workbench Is twice Iha product at haH the price. ! CA Reall.1 II Olhr1 COBOL 

rc.lltllt.' \\'orkht.•nch ( omprtuors 

$2,500 
For ALimited Time. 

FUlly integral<d, lnnlitil...Jllll!!lllllU11~ ../
worl<bo.'lil:h 

lkbugbothl'Cand maiiifr.lm6.bas ../prosrnms 

H's simple to get a 
seH-runn1na demo 
and atree copy ot 
The Secret Of COBOL 
Malnlenance.Just 
call 1-800-434-REAL. 

The pofnt·and·cllck debugger slmpllftes
testing. 

llnrded the Federal auullcatlons 
Medal ot Excellence. 

1111 edllnr 
8111 lnl81'1Cltn
debuaaer 
1111 Pl'OGl'llll lnltwnr 
CICI emulatol' Included 
version control 
Included 
Fasteat l'C COBOL
como111r• 

<as11l)Jl)j111dandctfmtcxeaiti>n ../ 

Cpmpletesmgle-vend.orsoludon ../ 

Support!Wlroowsaru!OS2 ../ 

Foondallon l'crGUI Clicnr,ISerwrCOBOI. ../de\dopmcn1.withopcnD!lMSaa::ess 

Tbe compeutlon slmPIY can't compete wHh l'.A-Realla uWol'llbench. 

Avoid That Empty Feeling. Get The one 
COBOL Solution That's FUllY Loaded. 

Compared to CA-Realia"ll Workbench, other COBOL development solu­
tions come up empty - unable to compete with the most comprehensive 
client/server tool in the industry. 

One that provides an unsurpassed list of benefits and fearnres which 
include: the world's fastest PC COBOL compiler, a GUI editor and an inter­
active GU Idebugger for code executing on a PC or mainframe, and inte­
grated lifecycle management. Plus a COBOL-intelligent program analyzer 
that's the smartest thing you'veever seen. 

What's more, CA-Realia II Workbench includes a complete mainframe 
CICS emulator for no extra charge. And, all the features of the workbench 

apply to CICS programs as well as batch. 
So whether you're in a Windows or OS/2 environment,CA-Realia II 

Workbench provides complete integration wlrhyour host-based systems. 
Which means unlike some other COBOL solutions,your programming 
choices arc never limited. 

For ASen-Running Demo And AFree Copy or The Secret or 
COBOL Maintenance, Call 1·800·434-REAL. Dept 26500. 

You'll see when it comes to COBOL client/ server development solutions, 
only one has been fully developed: CA-Realia II \.\brkbench. 

CA-Realia®11 workbench/;OMPUTER
0 

J'ISSOCIATES The complete Client/Server COBOL SOiutionSoftware superior by design. 

~ Computer A.-;sixla1es trncm,.1tbf\al, Inc;.. Islandia, NV 11788-itl(}(). U.S. dol lars. Offor good In U.S. and Cinada onl)I. AU ptoduct names 1c:!cn:nccd hc1cin arc lrai.lcmarics 
of rheir respec.tlvt companies. Aw<Uded by<A.r.'tmmenr Computer~~ M;uch 23. 1991. 'Soun-c: Cl)f11putm~tNld Buyer 's SooreC'~ud , .\tart'h 25 1991, 
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PUTIING PACKm IN ORDER 
Splitting messages into separate packets sent along parallel routes with different transmission 
times may mean that they arrive out of order and thus require resequencing. 

INPUT PACKET PLACED ARRIVAL PACKET OU TPUT PAC KET COM MENTS 
ON CHANNEL SEQUENCE (RESEQUENCED) 

1 Bl 2 ----­ --- -- ­ Waiting for packet 1' s arrival. 

--·-- ---·-­2 B2 4 
3 Bl 1 1 

4 B2 6 2 
5 B1 8 --------­
6 82 3 3 
7 B1 10 4 
8 B2 5 5 
9 Bl 7 6 

10 B2 9 7 
8 
9 
10 

61 transmission delay = 2 >< 62 

come unglued, however. Their designer 
simp.ly never considered the poss ibility 
that networks would be connected by mul­
tiple links that can deliver packet out or 
equence. 

There are two ways to deal with this 
problem. One is to place each protocol on 
a ingl link. Rout rs , even when u. ing 
multiple channel , allow prot coL LO be 
delivered on a single channel. rr there are 
three pr tocols on th network , it uses a 
s parate channel for each. 

Resequencing the packet. i. more ele­
ga nt , b cau. e i1 allows multipl · links to 
xi st behind th ' scenes, increa. ing band­

width for all protocols. Any protocol's 
packets arc sent over multiple links and 
then reass mbled in sequen eon the other 
side before being handed over LO th re­
mote LA . Thi foo ls the pr tocol into 
believ ing it ha. a higher-bandwidth con­
nection op rating over a single link. And 
that makes every prolO ·ol happy. Many 
bridge and router products des igned for 
cl.i gita l link include internal algorithms 
that resequ nee the packet. before releas­
ing them l the network. 

Whose Networfl Am I on Now? 
Network proLOcols use num rical address 
scheme to detem1ine where to . end traf­
fic. Each device on the network must have 
a unique network address, ex pre sed as a 
number. If a computer runs multiple pro­
tocol , such a TCP/IP, IPX, and Apple­
Talk, it may require multip.le addresse . 

Addresses are generally associated wiLh 
the network that the computer i. conne ted 
to . With dial-on-demand, however, re­
mote user. may need to connect to mul­
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- - Delay waiting for packet 3's arrival. 

Packet 5 delivered just In lime. 


Now all packets have arrived. 


LipJe network . They may link up with the 
corporate LAN to complete some work 
and then connect to a regional network Lo 
pass E-mail. 

Th.is can present problems, because the 
network addres ing numbers a.nd naming 
convemions will change from network to 
n tw rk . Th ad Ire. s that was correct ror 
rhc first network i. wrong ~ r the sc ·ond. 
This is dangerous; bad addresses can wreak 
have c n ntcrprisc networks. They can 
confuse netw rk cl •vices, caus c nni ·ts, 
generat additional traffic and cau 'c re­
mote-user and n ·twork problem · as de­
vices argue over whi h naming conven­
tion or address number is reall y co1rct. 
Unfortunately, network numbers aren' t 
easy to change; it usuall y m ans fiddling 
with a configuration file, something Lhe 
casual LL er cannot and should not be ex­
pected to do. 

The problem of network number a. ­
signments for dial-in us ·rs ha yet lo b 
solved. nLil it is, ye u should be careful 
when connecting to multiple networks. 

Bridge Loops 
It ' · all too ca. y to create bridge loops. up­
posc an office in ambridge, Massachu­
etts, us s a bridge to connect to its cor­

porate enterpri s necwork aero · the river 
in Bo ton. A econd bridge connecrs Cam­
bridge to an offi ce in Framingham, 20 
mile away. One day the folk. in Fram­
ingham enhance their communication by 
in tailing a bridge link between Framing­
ham and Boston. Unfortunately , neither 
they nor che Boston office mention chi ' to 
the Cambridge office. A triangle now ex­
ists from Bo ton to Cambridge to Fram­

ingham and back to Boston. Packets travel 
merrily around this loop, never dying. Be­
cau e bridges don ' t expect to encounter a 
loop topology, they usually contain no in­
telligence to remove packets from the net­
work. Therefore, the packets will travel 
forever around the circle. This condicion is 
called looping, and it ca n be eriou . 
Bridge loops caa easily generate enough 
excess traffic to bring clown an enterprise 
network. 

A protocol calJed Spanning Tree can 
overcome this problem. Unfortunately , 
many remote bridges don ' t upport Span­
ning Tree because it adds cost and com­
plexity. fn addition, it adds more traffic to 
the link. 

Since remote bridge caUs can be con­
nected and dropped a l will, bridge loops 
are difficult to pol. Network manager 
have to be extremely careful to coordinate 
their network topologie,· to avoid bridge 
loops. Fortunately, this is seldom a prob­
lem for networks u ing routers, which can 
deal with parallel routes and looping with­
out difficulty. 

Making the Connections 
Dcspit th prob! ' ms. digital service. 
arc 11< w a viable means or providing re­
mote LAN access. enerall y, the most in­
cxp nsivc form of digital t lccommunica­
tion s is ISDN . After years of unfulfill ed 
promises and d lays, it looks as if 1 ON is 
finally beginning Lo flouri sh. A number of 
RB · hav announced "I DN An y­
whcr " programs that allow you to order 
ISDN services even if your local phone 
company 's central orfi e i. n L equipped 
LO provide it. 

!early , our world i. changing. Today 
there is more rca. on than vcr to tic homc­
bils cl and traveling w rker · to the corpo­
rate umbilical cord. Full network-, ervice 
capabi lities allow fficient and effective 
work to be done in remote offices, on the 
roa I, or at home. Digital communication. 
services ar -at long last- ready to pro­
vi de remote acce .. LO a wide variety of 
networks. • 
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Exabyte's famlly of tape storage 


solutions sets new standards for 


capacity, price and per'formance. 


W e're rhe only company in the world rhac builds high capa icy, V<tlue pricing and superior perfo rmance into all three of rhe fasr t 

growing cape rechnologies-Smm, 4mm and C I-based quarter-in ch minicarrridgc. Our full -height, half-height and 3.5-inch cartridge 

rape drives, Smm and 4mm Auromared rorage Managemenr'" libraries, and Exabyce-cerrificd media and supplies serve your diverse data 

storage requiremencs. ~ 

This mulri-cechnology leadership allows single-supplier access ro a broad range of daca srornge produces for single ~ 

EXAIQ)\Wli'frlIE®
PC workstations up to large nerworks and midrange systems. 

o if you're earching for real family value in rape srorage solurions backed LQ) l..1 l.l 
~ 
"1" 

by world-class upporr call your Exabyre sales representative or I -800-866-6002 rod:iy. 'We're Backing It Up. 

And see why the Exabyce fam ily sers new standards for capacicy, price and performance. 
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BYTE's Mac Programmer's Cookbook 
by Rob Terrell Includes One 3.5-lnch Disk. 
$29.95 U.S.A. 
ISBN· 0-07-882062-6 

- BYTE's Windows 
Programmer's 
Cookbook 
by L. john Ribar 
Includes One 
CD-ROM Disk. 
$34.95 U.S.A. 
ISBN: 0-07-882037-5 

ISBN: 0-07-882048-0 

_... 
Osborne m~ 
l ;L' I i\ nswer '> ­ l ;L'I ( ),hor rw 

~~-------------

't I 
~h>I :\LUii.iL\', ()11.tlll\ ,llld \ '. tlt1L' 

Ava ilable now at your local book and computer 
stores or call 1.800.822.8158 any time. Mention 
key code SF74BYL and use your Ameri can 
i=v~ rn c< \/IC::A O ; coo><~

BYTE'sDOS 
Programmer's 
Cookbook 
by Craig Menefee. 
Lenny Ba1leS' and 
Nie Anis 

.Jncludes One 
CD-ROM o ·sk. 
$34.95 U.S.A. 

'· 

FOR THE SERIOUS 

CODE CHEF 


No longer underground ...the best-kept 

secrets and profound programming tips 

have been liberated! You'll find them all 

in the new BYTE Programmer's 

Cookbook series - the hottest hacks, 

facts , and tricks for veterans and 

rookies al ike. These books are 

accompanied by a CD-ROM or disk 

packed with code from the books plus 

utilities and plenty of other software 

tools you'll relish. 

Al SO FROM HY Ir 

BYTE Gulde 
to CD-ROM 
by Michael Nadeau 
Includes One 
C:)-ROM Disk. 
$39.95 U.S.A. 
ISBN: 0-07-88 1982-2 

BYTE's OS/2 
Programmer's 
Cookbook 
by Kath)' Ivens and 
Bruce Hallberg 
Includes One 
CD·ROM Disk. 
$34.95 U.S.A. 
ISBN: 0-07-882039-1 



AT NATIONWIDE STORES: 

BYTE/Osborne Books are Available Barnes & Noble BookStar 

at the Following Locations Borders Elek T ek 

ALABAMA 
Madison 
Madison Books and Computers 

ALASKA 
Anchorage 
Alaska New Agency 

CALIFORNIA 
Berkeley 
Cody' Books 

Capitola 
Capirola Book Cafe 

Carlsbad 
Com purer Books 4 Less 

Cupertino 
Sracey's Booksrore 

Davis 
U Davis Booksrore 

Irvine 
Trvine Scienrific and Teclrnical Books 

La Jolin 
an Diego Booksrore 

Lnrksp111· 
A lean Well Lighred Place for Books 

Los Angrlt·s 
U LA Booksrore 
Univ. of ourhern ali fornia Booksrorc 

Ontario 
Pomona Valley News Agency 

Palo Alto 
Printers Inc Bookscon: 

Pmadmn 
alrech B ok.i rare 

, an Francisco 
an Francisco rare Univ. Bouksrore 

an Jose 
ompurer Literacy Bookshop 

rm Luis Obispo 
El Corral Booksrore 

Santa Barbara 
U anca Barbara Bookstore 

Stanford 
tanford Booksrore 

COLORADO 
Denver 
The T arrered Cover 

Longmont 
United Techbook o. 

Micro Center Super Crown 
Taylors Walden books 

DISTRICT OF COLUMBIA NEW MEXICO 

Washington, D. C. Albuquerque 
Reiter's Scienrific & Technical Books Page One 

GEORGIA 

Atlanta 
Oxford Booksrore 

HAWAII 
Honolulu 
Honolulu Book Shops Ltd. 

ILLINOIS 

Champaign 
T I S Booksrore 

Chicago 
University of Chicago Booksrore 

Naperville 
Books & Byres 

Rockford 
Media Play 

MAINE 
Bangor 
Magazine In . 

MASSACHUSEIT 

Boston 
Bosron Universiry Bo ksrorc 
Warersrone's B okseller 

Burling/on 
ofi:Pro 

Cambridge 
Harvard 0 P 
MTT oop 

Nl'lvBedford 
Bay olony cws 

Watertown 
Word Worrh 

Westborough 
The pen Book 

NEBRASKA 

Lincoln 
Nebraska Booksrore 

NEW HAMPSHIRE 

Contoocook 
Yankee Book Peddler 

NEW JERSEY 
Newark 

ewark Book Cenrer 

Princeton 
Princeron Universiry Score 

NEW YORK 

Ithaca 
Cornell Universiry Campus Srore 

New York City 
Coli eum Books 
Computer Book Works 
Moum Sinai Booksrore 
New York Un.iversiry Booksrore 

Rochester 
Total In formation 

Syracuse 
Orange Srudenr Booksrore 

OHIO 

Beachwood 
Wit&Wisdom 

Dayton 
B oks and ompa ny 

OREGON 
Portland 

onanr & onant Bo ksellers 
Powells Books 

PENN YLVANIA 
Bethlehem 
Lehigh Universiry Book rare 

Montgomeryville 
Adanric Book hop 

Philadelphia 
Univcrsiry of Pennsylvania Bookstore 

TEXAS 
Austin 
Universiry o-op ociery 

Dnllr1s 
Taylor's Ltd. 

WASHINGTON 

Seattle 
Universiry ofWashington Bookstore 

WISCONSIN 
Madison 
University ofWiscon in Booksrore 

Milwaukee 
Harry W. Schwarcz Booksrop 

Osbornem~ 

Ccr A11swc 1 s - Cc1 Osborne'---------------------------------------­ _; . -- . - ' • ' ! • 



EXCEED4: 
THE NEW GENERATION OF PC-TO-UNIX 

INTEGRATION SOFTWARE. 

ew eXceed 4 is different, 
because to us, PC-to-UNIX 
integration is more than just 
file and print services, and 
more than just X-temlinal 
emulation. It means deliver­
ing the power of the network 
to your PC's desktop, and 
eXceed 4for Windows is the 
only integrated suite of 
PC-to-UNIX soft ware built to 
do just that. 

Listen to what's in eXceed 4 
for Windows: 

8 A perfom1ance 
o~rnized 32-bit PC Xserver. 
tJ Sirnpl n - tep, 
no-pain installation, making 
exceed 4 asi r to Lt ·e than 
anything you've een before. 

Built-in eXce d BASIC, 
so you can write cript to 
cu tomize and automate 
r:J.:>~ titive ta ks. 
U V D-ba ed 
TCP/IP network 

8 Them t 

keyboard mapper, transport 
activity monitor, Xtrace 
debugger and Launch Pad. 

In fact, everything you've 
asked for ­for adminstration, 
for use, for development ­
is included in new eXceed 4 
for Windows. 

At Hummingbird, our goal in 
PC X server technology is to 
be either first...or first. 

Hummingbird was first to 
implement PC X servers for 
both DOS and Windows. We 
were first with Windows NT 
and 05/2, and fir t with 
Xpre s, th fa test dial-up 
acce t X ver standard 
phon lines. 

And one again we're fir t : With th 
b st P -to-UNIX onn tivity package 
which gives you ail you need to work 
more efficiently and control 
co ts better. 

advanced uite of ----­
Network Adminis­

tra tion tools in the industry. 
Tools that can drastically 
reduce the cost of 
maintaining PC-to-UNIX 
connectivity software. 

All that, plus ... 

Performance and productivity 

'fo find out more about 
the most advanced 

cxs£RV£R p n bu today' call 
you ca YWe'\1 show you 

1-905-470-1203. f Windows is 
Xceed4 ot why e w generation.

the first of a ne 

oftware. e Dial-up x, 

standard 
telephone 
lines. 

0 A proven 
and powerful X Develop­

ment Kit that lets you easily develop 
Xclients. 

feature such as Drag and Drop 
FTP, Telnet, VT320, Xperf-based 
performance maximizer, graphical 

Circle 98 on Inquiry Card. 

HUMMlNGl31R"Q 

- w· doW Widet.
Open the X· in 
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Remote-Control Windows 

NSTL evaluates six programs that let you control your PC remotely 

Remote-control program are a pe­
cial category of communication. 
application. They go beyond just 

connecting with another computer to ac­
tually taking control of it. Connecting 
through phone line and mod ems or 
through LA connections, these programs 
can put all the re ource of one PC, usually 
called the host, at the disposal of a remote 
user' computer. The local PC screen (the 
remote or viewer) duplicates the ho t PC' s 
. creen: The keyboard enters character di­
rectly to the ho t PC, and the mou. e moves 
the host PC 's mou e pointer. The local 
creen constantly receive data from the 

host PC creen, detailing every change in 
status. Likewi e, the keyboard send data 
to the host PC every time a key is hit. For 
all practical purposes, the remote user may 
as well be itting in front of the ho t PC. 

ln the early days of remote-control soft­
ware. mo. t of u. u. ed the. e pr gram. to 
access our office system from h me P .. 
You cou ld leave your fficc P and m ­
d m tlll with the remote-control program 
running in ho. t mode. You cou ld then call 
in and take control from the home P , per­
hap. running · xce l 10 update a spread­
: hc t fi le or using Freelance raphic to 
create hart s. Y u could also tran fer fil es 
fr m your offi e to you r home P . om­
panies cou ld also provide t chni cal sup­
port for P s at remote sites via modem. 
Technician could take control of a prob­
lem P at a remote ite, view the problem 
directly , and fix it wi th ut . pending h ur 
on th phone r traveling to the site. 

tbe network to fix a problem on an execu­
tive' PC on the eighteenth floor. 

The Windows Connection 
As Window ha grown in popularity, the 
demands made on remote-control com­
munications have increased. A graphical 
interface such as Windows works with 
many times more screen data than older 
DOS interface programs- creen data that 
ha to travel continuously over a relative­
ly low modem connection. Even with the 
faster mod.em now available. the re pon e 
time for Windows application over re­
mote-control connection wa not accept­
able until remote-control programs writ­
ten pecifica lly for Windows emerged. 

Thi report evaluates the six remote­
control programs most wi dely used for 
running Windows application . Carbon 
Copy for Windows, o es. ion for Win­
dows, non p Anywhere for Wind ws, 
and R ach ut Remot ontro l arc Win­
dows appl ication. that ha v taken over 
from previ us 0 -based ver. ions. Re­
motely Pos. ible was inlr Ju ed riginally 
in Window form . lose-Up is the ole 
D application we tested. Even th ugh it 
is not Wind w. -based, it runs Window. 
application, and is positi ned in direct 
c mpetirion with the other programs. For 
thi. is. ue, we did not consider pr gram. 
that d n t c nn1.:cl via mod 111. 

Smart Screen Refresh 
The b ttl eneck cau ed by m dem can 
have a significant effect on the . peed f 

remote-control operations. For the LA 
versions of the. e programs, performance 
would be affected by the speed of a session 
link between two LAN workstations rather 
than a modem; however, since network 
are many times faster than modems, thi 
review concentrate on performance of re­
mote control via modems. 

To boost performance, remote-control 
program try co minimize the amount of 
data that need to be transmitted. In the 
past remote control worked by ending 
and refreshing the entire image of the host 
PC screen to the remote PC every frac­
tion of a second. The constant rate at which 
the creen image. were sent to the remote 
PC was called the screen refresh rate. The 
remote PC 's sc reen acc urately reflected 
the host PC'. creen a changes at the ho ·t 
PC would be included in the next screen 
refresh. 

Many tim . , a change i. limited to a 
small section or the screen (e.g .. m ving 
th m u. e pointer an in h, pulling d wn a 
menu, r highl ighting an bject), and only 
the changed data need t be refre. hed. 
The remote . ystem can use the screen data 
it already has and ju t refre. h the un ­
changed part. of the scr en. By cutting ut 
redundant screen-refresh data, a remote­
control program can greatly increa e the re­
. pon. e tim . 

Smarr screen re/i·esh i. implemented in 
one form or another in lose-Up, o e. ­
sion, pcAnywhere, Reac hOut Remote 

onu· I, and Remotely Po sible. It is not a 
. tandardi zed fea ture, which i to ay that 

A more recent use is 
t dial in (via modem) OVERVIEW 

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

to a netw rk-con n ct-
ed P at the office, log 
in, and nm network ap­
p 1 i cat ions or upd ate 
hared fil · on the net­

work. Technical- up­
port use of remote con­
tro I ha ex panded to 
include connecting di­
rectly through the 
company LAN. Help­
desk personnel on the 
sixth floor of an office 
building can now use 
remote control through 

**** 
*** 
*** 
*"'* 
*** 
** 

ReachOut Remote Control 

CoSession for Windows 

Close-Up 

Norton pcAnywhere for Windows 

Carbon Copy for Windows 

Remotely Posslble/Dlal 

4.0 

1.0C 

6.0 $199 

1.0 $199 

2.0 $199 

4.0e $199 

KEY 

***** Outstanding
*** * Excellent
*** Average
** Below average
* Poor 

& Good 
• Fair 
T Unacceptable 
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some of the programs appear to filter out 
more redundant screen data than do others. 

Caches speed the performance of hard 
drives and memory chips , and they al o 
work well for remote-control program . 
The idea behind a cache is to keep recent­
ly used data in a temporary storage area 
that is quickly accessible. lf the data is 
oon needed again, it i much quicker to 

access it from the fast-access temporary 
storage area than to retrieve it from the 
original ource. So, element of a recently 
displayed creen are aved a a cache in 
extended memory. If the remote user re­
turns to a recently di splayed screen, the 
entire page redraws from the remote PC s 
screen cache, eliminating the need to trans­
fer large amounts of data over the modem 
from the host. Screen elements that are of­
ten redrawn from a screen cache include bit 
map , text, and font . 

All the te ted program use caching to 
boo r performance, although the effec­
tivene s of the caching algorithms differs. 
The Page Redisplay performance test is a 
good example of a creen cache being em­
ployed to redraw a screen . Close-Up's 
Photographic Memory caching is espe­
cially effective. 

Efficient Communication 
Data tran fer via m dem is regulated by a 

mmunication. pro1ocol , whid1 is u 
melhod r r breaking the dala stream int rested u. es a proprielary transfer prolO ol, 
small packer and becking that each pa k­ and the cfficien ·y or the proto ol has a 
et arrives inta t. IJ n pa ket does not ar­ significant effect on lh speed of data u·ans­
rive inra t (e.g., noi e n the phone line. fer between mod ms. Packet :i:z.e and er­
s metime · corrupts an individual pack t), ror-ch eking methods can spe d or slow 
the protocol inte1TUpL~ the data flow and re­ data tran, fers, depending on how they are 
. end the damaged pa k t. s t. Larger pa k ts, for example, provide 

Each of the remote-contro l program. beuer pcrfonnanc when there is little 

----~-

Security 

Cati.._ Required 
Dl..U.W Prompts on Celbacb 
Enable I ampontry Penward 

fnawonla Required 3 Rctri1:s IC !:onftnwaton Required lNo____l!J..__ ...... 
Qfsconnltllt 011 Coilflnm1tlon Timeout 
Co,Oflrm All Pa1&words 

Enable Audit log 
Dl1.all11W Printer Redlm:dan 
Intruder Guard 
¥fros Cheddng on Fiie Tntnsfer 
Dlu ble Remote Cllplloanl 

ReachOut Remote Control, the top.rated program in the roundup, offers a strong set of features, Including 
security options. ReachOut supports password protection, automatic dial-back, reboot on disconnect, and 
encryption. 
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Highlights 
Strengths Limitations 

Carbon Copy Very 88Sy ro le<1rn 

Excenent>manual 

Automatic disconnect-after-transfer 
oj)tion 

No remote printing 

•NO lnQCtlvity d.isconnect 

L;lrnlted choices for cooditional file 
transfer, 

Close-Up Fastest page redisplay 

Fastest remote printing 

No modlflcalion of system.In! and 
wln.lnl Illes · 

I .? 
Vf!ry llmHed on-line tielp 

1 
No background file transfers 

N& s-mrt of SVGA resolutions 
over x 600 pixels 

CoSesslon Drive reElirectlon 

Fastest transfer of graphics ~ile 

fast video disP.lay 

~features som11what difficult 

SIOwest remote prj'nting 

Norton pcAnywhere Fastest overall file transfer times 

Largest number Of programming 
features 

Best on-line ~Ip system 

Slowest page-redisplay times 

No utility for modem customization 

No ~WOl'd encryption 

ReachOut Remote Control Fastest prag·ram overall 

Mostversatili!I prograrl) 

fllo rnodlf1G&lion of system.in! and 
wln.lni Illes 

No mess:iige on a coAnect1on loss 

UmHed.scHpt programming 

Remotely Possible/Dial Best quality overall 

Bidirectional file transfer 

Fastest transfer ol compressed files 

Lowest overall usability 

No programming features 

Slowest performance overall 

noi:e on Lhe ph ne lines because the pro­
lo ol necd not resend corrupted in oming 
packets. But they hurt performance when 
there are higher levels of nc ise on the 
ph ne line. because 1he larger pa kets 
take more time to be retransmitted. Some 
protocols pause as each packet is checked; 
others d not pau e, or pause les. ften, 
allowing an aim . t continuou transmL­
ion and providing significantly better per­

formanc . Again, with noi y phone-line 
concliti n., this meth cl can actually hurl 
performance. 

AnoLher feature employed to improve 
performance, pecifi.cally during file u·ans­
fers, i. to compres. files a they are seni 
and uncompre . them at the receiving sy, ­
tern. Depending on the level of compres­
sion that can be attained, the time aved 
overaU is more than worth the time it takes 
to compress and decompre the file. Car­
bon Copy Clo e-Up, Cose . ion, p Any­
where, and ReachOut Remote Control all 
u e file cornpre sion . 

If the file will not compress, the time 
pent 1rying to compre it is wasted and 
low performance. NSTL's File Trans­

fer performance test illustrate this point. 
In this test, a compressed file is transferred 



Once in a whil , om thing i · rear d that go 

above and b yond th ordinary. 

om thing b tt r than th r st. 

In the r aim of copy protection lo k , the Harcl lo k"' 

copy protection yst m ri · above the other in 

curing your applications again t unauthorized use. 

Hardlock i · the only lock that u a programmable 


algorithm, far more omplex to decode than simply 


reading the contents of a memory chip. Hardie k al o 


feature ·electable anti-d bugging and rever e 


engineering protection as well as protection against 


hardware emulators which no other lock ha . 


S ecuri ty. Q uality. T echnology. 


H ardlock i state of the a1t. 


C all u - to find out mor al out. how Har !lock ·an 

provid your ma t erpi c with the s curity it 

1-800-562-2543 


For DOS, Windows, Windows NT, OS/2, Unix, Xenix, DES Single User, Network, CD-ROM Applications and More 
For adistributor in Europe contact FAST Electronic GmbH, Tel: 49·89·53 98 00·20 Fax: 49·89·53 98 00·40 · In Brazil contact HT·MACH. Tel: 55·21 ·257-0314 Fax: 55·21·235·6808 

·In Chile contact Datasoft SA, Tel: 562-246·7443 Fax: 562·208·0591 ·In Peru contact V.C.H.I., Tel: 51-14·440537 Fax: 51-14-475984 
·In Mexico contact D.C. Compu1aclon, Tel: 611-43·41, Fax: 611 ·46-41 


For International Information clrcle 96. For Domestic Information circle 97, on Inquiry Card. 
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twice, once with fi le compre sion enabled CoSe sion and Close-Up appear able to Remotely Possible doesn' t compress 
and another time wi th it disabled. Carbon turn off compres ion when tran ferring a file , but it benefi ts from external compre ­
Copy, pcAnywhere, and ReachOut all have compressed fil e and o achieve the ame ion becau e the V- erie. v.42 modem we 
fa te r ti me with the feature disabled . time for both te ts. use forte ting compress data automatical ly. 

co111i1111ed 

CARBON COPY CLOSE-UP COSESSION NORTON PCANYWHERE RE ACH OUT REMOTELY 
FOR WINDOWS FOR WINDOWS FOR WINDOWS REM OTE CONTROL POSSIBLE/ DI AL 

Configuration 

Load host program In upper memory 
Unload host withou.t rebooting 0 0 
Access host within application 0 0 0 
Exit to DOS on host 
No modification of system.in! or wln.lni 0 0 0 0 
TSR not requlr.ed for 0 0 0 
Windows-to-Windows connections 

Operating-system support 

DOS4.0x 
DOS 5.0 
DOS 6.0 or higher 
DOS/Windows 3,0 <D 0 
DOS/Windows 3.1 
Windows NT ® ® ® ® @ ® 
OS/21 .3 ® ® ® ® ® ® 
OS/22.0 ® ® ® ® ® ® 
OS/2 2.1x ® ® ® ® ® ® 

Modems and optimization 

Remote uses screen-refresh data only 
Remote uses •smart" screen-refresh data only 0 
DTE rates to 115.2 Kbps 
Operates at 230.4 Kbps (DTE) 0 
v.32bis high-speed modems 
v.42bls compression modems 
Compression algorithm 0 

Video 

• • • • •• • • •
0 • • 
~ • •• @ © •• 0 • • 

DOS graphics 
SVGA 800- x 600-plxel resolution 
SVGA 1024· x 768-plxel resolution 
Remote at higher resolution than host 
Host at higher resolution than remote 
SVGA 1280· x 1024-plxel resoiu1ion 

Security 

User passwords 
Setup screen password 
Password encryption 0 
Data encryption 0 0 0 @ 
Automatic dial-back 
Host can place Initial call 
Disable host screen/keyboard/mouse 
Disable remote screen/keyboard/mouse 0 0 0 
Remote initiates host reboot 
Inactivity disconnect 0 
Lock out remote directory access 0 0 0 ® 0• 
Intruder notification 0 0 0 0 0•
Virus checking 0 (!) 0 0 0• 
e =yes: Q: no. © If remote display Is EGA or better 
<D Windows 3.0a. @ At additional charge 10 comply with go"emment encryption standards. 
@ May run as a Windows session, not as anative application. ® If viewer is restricled to Windows access only. 
@ Higher-resolution PC drops to match lower resolution In Windows. (!) Checks lls own executable mes. 
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f ~ 

nee 
you try 

\ 

remo e 

' you'll lose 
control. 

Remote control is a great way to access a computer by modem if 
there's no other option. But if you could accomplish the same thing 
faster andmore easily. you'd probably drop it in a minute. 

Which is precisely what you can do once you have HotDisk®-
the amazing new remote disk software from Smith Micro for both 
DOS and Windows. 

With HotDisk. you execute programs at your location while 
accessing up to 26 drives available to a host PC exactly as if they 
were on your own computer. As a result. you bypass the bottlenecks 
that bog down remote control and free the host to be used by some­
body else because HotDisk operates invisibly in the background. 

HotDisk is simple to use. too , since it utilizes all OOS commands 
- including the easy-to-use COPY command for tran sferring 
files - as well as convenient drag and drop Windows capabil­
ities. And it gives you transfer speeds of 1.200 to 115.200 bps. 
plus password protection. host 
dial-back security and access 
rights for each user. 

So call Smith Micro ­ the 

S~11T11M1cRo rm 
so r T WAR[ rJZ..J 

leader in telecommunication software ­ today at 1-800-964-SMSI 
for more information or to find out where you can get HotDisk. 

Ifs the remote control alternative worth getting excited about. 

Ho1DISk ts a registered trademark 01 Smflh Micro Softw8Ie, Inc. All othoz trademarks and registered lfademarks belong to their respectrve companies. C1994 Sm.th Micro Software. Inc . 
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CARBON COPY CLOSE-UP COSESSION NORTON PCANYWHERE REACHOUT REMOTELY 
FOR WI NDOWS FOR WINDOWS FOR WINDOWS REMOTE CONTROL POSSIBLE/DIAL 

File transfer 

Host full file transfer control 0 0 

Remote full file transfer control 

Bidirectional file transfer 0 0 0 0 0 
 • 
Background transfer 0 

Lock out remote file transfer 0 0 

Lock out remote send function 0 0 

Lock out remote receive function 0 0 0 

Drag-and-drop transfer 0 0 

Sort files by name 0 

Sort files by date/time 0 0 0 


Transfer protocols 

Proprietary 

ZMODEM 0 0 0 0 

YMODEM 0 0 0 0 

XMODEM 0 0 0 

Kermit 0 0 0 0 

ASCII 0 0 0 

Others 0 0 0 0 0
• 
Communications session 

Remote can exit host Windows session 

Slngle·voice and data line 0 0 

Phone directory 

User-definable dialing prefix 

Software chat mode 

Modem customization utility 0 

VT-100 terminal emulation 0 0 0 0 

V-52 tennln11I emulat on 0 0 0 0 

IBM 3101 terminal emulation 0 0 0 0 0
• 
TIY terminal emulation 0 0 

Other terminal emulations 0 0 0 0 


Programming 

Editable macros 0 0 0 0 0• 
Learn mode for creating macros 0 0 0 0 0 0 

Scripting language ® 0 


@ • • • ® 
Scripts prompt for user Input 0 <ID 0 

Step through scripts for debugging 0 0 0 0 0
• 
Check scripts for syntax errors 0 0 0 

Variables 0 0 0 0 

Subroutines with parameters 0 0 ®> 0 0
• 
DO ... WHILE loops 0 0 ®> 0 0 0 

FOR . .. NEXT loops 0 0 © 0 0 0 

IF ... THEN ..• ELSE statements 0 0 ® ® ® 0 

Case statements 0 0 ®> 0 0 0 

Event-triggered automated scripts ® 0 ®> ® 0
• 
Time-triggered automated scripts ® ®> ® 0 

Script complier 0 0 ®> 0 0
• 
Miscellaneous features 

Display remote hardware information 0 0 0 0 0• 
Display host hardware Information 0 0 0 0 0• 
Display host/remote connection Information 0 0 0 0 

Transaction logging 0 


@ Using macros lo access Carbon Copy as a DOE server. ®> Via add·on module at extra cosl. 

® During terminal emulation only. @No ELSE. 
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Welcom to th monitor 
capital of theworld. Where ju t 
th righl CRT or LCD di play 
i waiting for you. 

Tak our n w high-re olu­
tion, flicker-free, 17-inch uper 
VGA 'gr en" monitors. A low 
0.26mm dot pitch mak imag 
crystal clear. And vi wing is 
asier on your eye and body 

thanks to a special flat, square, anti-glare, anti-reflection, 
anti- tatic screen; low MPR II radiation tandard and 
hand ome ergonomic design. 

Their largersize and controllability make them ideal 
for complex Windows~, Mac·11 and SPAR applications. 

They're easy on your pocketbook too.And not just 
because of their low initial price and two-year warranty. 
When "on"but inactive, power consumption goes 
down from 130 watts to less than 5watts. Imagine the 
co t savings ifyou had ten monitors. Or a thousand. 

CTX GREEN MONITOR FEATURE SUMMARY 
MOOE!. 
51!1 
Doll'ltdllnrnl 
Hot.Fna. f!OUI 
llOO 11290 NI 
1290 • tin' NI 
I024 • 718 NI 
Mao COIMlllbllilY 
fist~-

COiofMlldl 
.-..c.nltols 
-.&1S011211-3-­

&leeGM 14510M,.. ••• 
02I 0.28 

00.311 :JO·SO 

- -- -
87IWI !OlizJNI 

- --- -- -
Yes Yes 

<'¥111 4kl 

M620M ~ 1166QM 17650M f1815G M ... IS' 1&' 1r 17' 
028 ~28 0.28 0.27 028 
»112 30-112 30-65 30"6 311-86 

- - - - -~~· - "' "''"""" l!HzJNI 1$WNI l!IWNI 'ISHl/N I 'ISHl/NI 
I'll 

-
-
Yeo 

<'SN! 

.,.., v.. "'' "'' "'' Yta ..... Vea 
- - .,.., 

"" - Yts Yts ..... 
V.1 Yts Vas ..... 

<'111 <5N <&N <!NI 

For fu ll-time lowpower, no 
radiation and ev n mor versa­
tility, che k out our handsome, 
n w LCDmonitors. 

Their activ -matrix di play 
provide bright, parkling color 
(and b/w) even when view d 
from wid angl s. They weigh 
le than six lb. and can even 
b wall mounted. 

For ven bigger how , our low-co t LCD projec­
tion pan 1can turn your whole wall into a computer 
monitor. It's .flicker-free, show million of color and 
come complete with on- creen menus, freeze fram 
and enlargem nt capability, a patented overhead pro­
jector light blocker, wireless remote control and its 
own rugged carrying case. 

More than one million CTX monitors were pur­
chased by computer professionals in theU. .A. last year. 
Call us today and find out why. 

We just make great monitors. 
For more informution, conlact tl1eCDC regional office nearestyou: USA Headquarters 20530 Earlgate S!ree~ Walnut, CA 91789, 909-59!Hil46, Fax 909-595-6293 Technical 

1pport l.soo.888-2012 BBS 909-59'hm3 Southern Region 6624 Jimmy Carter Blvd., Norcross, GA 30071. 404-729-8909, Fax 404-~5 Eastern Region 481-AEdward 
Ro Drive, Elmwood Park, NJ (f/4(!/, 201-646-07(!1, Fax 201-646-1998 Midwestern Region 500 Park Blvd., Ste. 295C, Itasca, n..60143, 708-285-0202, 

Fax 708-285-0212 Southwestern Region 1225 E. Crosby Rd., Ste. A21 ,Carrollton, TX 75006, 214-416-9610, Fax 214-245-7447. 
Cl l994 er.< lnt<matiooal, Inc. All broid namaare trademarksor regi tertd tradenwl<sof their respective owners. 

Circle 80 on Inquiry Card (RESELLERS: 81) . 
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Carbon Copy 

Close-Up 

CoSession 

pcAnywhere 

ReachOut Remote 

Remotely Posslbte 

CoSesslon 

pcAnywhere 

ReachOut Remote 

Remotely Possll)le 

0 5 10 15 20 25 30 0 

· : ' 

Remote-Control Perfonnance 
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Close·Up 

CoSesslon 

pcAnywhere 
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Carbon Copy 

Close-Up 

CoSession 

pcAnywhere 

ReachOut Remote 

Rell)otely Possible 

ReaohOut Remote 

Remotely Possible 

Carbon Copy 

Close·Up 
CoSesslon 

pcAnywhere 

ReachOut Remote 

Remotely Possible 

0 2 4 

NIA 

• , . 

20 40 60 80 100 

8 9 

Modem compres ion, however, generally 
doesn't match software compression. 

Resolving Resolutions 
When a remote u er connects to a host PC 
the assumption is that the screen data from 
the host PC will exactly fit in the screen of 
the remote PC. That assumption will be 
challenged if both creens are not at the 
same resolution. With Windows support­
ing resolutions of up to 1280 by l 024 pix­
el one system may well be running in a 
higher re olution than the other. Most of 
the programs support a variety of SVGA 
resolution (Clo e-Up upports up to only 
800 by 600 pixels), and all allow PCs with 
differing creen re olutions to connect. 

The programs handle different screen 
re olutions in several ways. Where the re­
mote PC is at the higher resolution the 
ho t PC's entire creeo fit into a mall 
window on the remote screen. If the re­
mote PC i at the lower resolution , the 
host's screen wilJ be too big for the re­
mote' s creen. The remote then displays 
one area of the host's screen, and you ac­
cess the rest by croU bars, mouse, or arrow 
keys. Close-Up takes a unjque approach, 
forcing the higher-re olution PC to drop 
to the resolution I vel of the oth r P . The 
other pr gram take appr ache · that are 
reasonably similar to each other. Reach­

ut. pcA nywhere, and o es. ion have 
sc r II bar · for moving around th host 
screen; Remotely Pos ible u s the mou e 
and arrow keys. arbon opy bring up a 
small box t repre nt the 1her . creen. 

Security 
er password and a ma ter password ~ r 

the h st P are good pr cauti n again. t 
unauthorized acce .. U er pa sword are 
individual pa words that remote u er 
must enter during the initial conne Lion to 
the hot. The master password limits access 
t the creen where all the other user pas ­
words ar edited. Without a ma ter pass­
word, anyone with au. er pas word could 
open the password table and memorize r 
change th other individual password . All 
six program support both u er passwords 
and a master pa sword. 

Automatic dial-back are the next level 
of protection. A dial-back number i a ·­
sociated with each log-in name and pass­
word. When someone log , in, the call i 
di connected and the host call back a' the 
designated calJback number. Thi ke1.. 1 

an unauthorized user with someone else's 
password from connecting unles the call 
is made from the legitimate pas word hold­
er's phone (where the cal lback is received). 

conrin11ed 

0 100 200 300 400 500 800 700 

All times In seconds; lower numbers Indicate better pertonnance. 

We tested ~of the nllllll..-trol procrw llslng C....,.. Pral.iMa 4l2Ss 1J1te1ns as the 
host llld remote. The IJltelns wert equipped wltll 8 MB of RAM, DOS 6.2, 11111 Willdon 3.1. For the 
tie tnndw tats, we lnlltmltt.d fotlrdlfJwent Ille types, becaue tralllfer speed CH be putty 
ltf9cted "' how well the trMlsl9r proloc:ol •nd _ ......... mlprtthm ....tch with the rann.t of the Ille 
behlr b•dened. We llMd •....,.._Word far Willdon 6.0 doc.-t far the RwmaU Prtnt11w ...i 
Pmp Redisplly tests. Tiie Video DltllilY tests - the procrw' IP9ld dhplQtnc • series of 
llllOlllyl graplliclll Illes. We lllllde eveiy efJolt daring the testlec to optlmtn the performance of theM 
.,.,,.,....... We c:oMacted the tests .t DTE speeds of 9600 bps mnd 57 .& Kbps. Al times -111 
--is; sllorter ... lndlc.te better perfonnmice. 

144 BYTE SEPTEMBER 1994 

http:lndlc.te


EXTRAMATH 

,
• 

A powerful and flexible two-dimensional 
computer-assisted design program, 
with professional performance. As well as 
covering all manual design techniques, 
thanks to the speed and 
ease o1 design given by 
the program interface, US$ 69 
EXTRACAD II allows the 

SUGGESTED execution of -mechanical PRlCE 
architectural, chemical, 
electronic and civil design, 

MS-DOS VERSION as well as many others. Available 
in several languages 

Via Montepu/ciano, 15 
Tel. +39-2-66987036 

Ms-DOS VERSION 

Available 


in several langua~ 


PHYSICS SIMULATIONS FOR WINDOWS 

An cxcclleru program for phy ics •tudics. 
divided into Exp rim nts. Dicli nnry nnd 
Te 1. lni1ially it ls possibl • 10 • im11la1e 
physical mQdels (wi1h the possibility f 
altering b undary condi ti ns) with result 
display both on video and on paper. The 
Dicrionury funcLion$ allow easy sear h or rhe 
lnws of kinematics. Finally, ir is possible 10 
carry out ea ·y test.s for self evaluati n. 

Function cal ulation 
for Windows is a 
useful tool for 
the analysis of 
mathematical 
functions. The 
program allows 
the plotting of 
functions, the 
calculation and 
plotting of second 
differential and 
primitive functions 
(maxima, minima, 
flex points and 
~eroes), the 
calculation of limits, 
defined integral 
functions and more. 

- 20124 Milano (ITALY) 
- Fax +39-2-66987027 

IF YOU ARE LOOKING FOR A 

SOFTWARE DISTRIBUTOR IN 

IYALY,PLEASE CONTACT US 




IaJIJ fa1VJ Software Roundup 


CoSesslon is a very strong program in near1y every categOI}'. Its speed Is quite good, particulariy in me transfer and 
video display tests, two veiy important performance categories. CoSession's feature set is extensive, and it will 
operate at a DTE rate of 230.4 Kbps, one of only two tested programs to do so. Some aspects of the program are 
difficult to learn. 

The di al-back feature hould not be con­
fu . cd wilh a roving all back, which will 
call th remote u. r at. any number. Roving 
call back is a convenience feature primar­
il y us d to reverse long-di. Lance charges 
incurred during a m dem connecti on. All 
six pr grams . upport automali dial-ba ks; 

Carbon Copy, Close-Up, pcAnywhere, and 
ReachOul Remote ontrol . upporl rovi ng 
ca ll back . 

ncryption is probably the ul timate level 
of sc ·uri ty. U. rs worri ·d about phone­
1i ne tapp ing or ave. drop pi ng shoul d 
choo 11 program wi th the abi lity to en-

About the Products~·':,~~ 

Carbon Copy for Windows 2.0 
Modem and LAN combined .......... .... ...... .... .. .$199 

Microcom , Inc. 
500 River Ridge Dr. 
Norwood. MA 02062 
(617 ) 551-1000 
Cln;le 1078 on Inquiry Cant. 

Clo...Up6.0 
Modem .... ... ..... .... ..... ... .. ....... .. .... ... ......... .... $199 
2·user LAN .. .. ...... ............ ............. .. ......... ... .$395 
&user LAN .......... .... ..... ........ .. ...... ... ...... ...... $795 

Norton-Lambert Corp. 
P.O. Box 4085 
Santa Barbara, CA 93140 
(805) 964-6767 
Cin:le 1079 on Inquiry Cant. 

CoSeaalon for Windows 1.0c 
MO<lem ........................ ................ ... ..... ...... .$199 
LAN (up to 25 workstaUons) .... .. ...... .. ....... .. ..$295 

Triton 
200 Middlesex Tnpk. 
lselln, NJ 08830 
(800) 322-9440 
(908) 855-9440 
Cln:le 1080 on Inquiry Cant. 

Norton pcAnywhere 1.0 
Modem ond LAN comblnod .... ... ....................$199 

Symantec Corp. 
10201 Torre Ave. 
Cupertino, CA 95014 
(408) 253-9600 
Circle 1081 on Inquiry Cant . 

ReachOut Remote Control 4.0 

Modem .. .. .... .. ...................................... ...... . $199 

4·user LAN .. .... .. .... .. ... .. .. ........ .... .... .... .... ... ..$295 

1-user dd-on .. ... .. ............... .. ...................... $195 

1~ser add-On ........... .... .... .. .. .. ...... ....... ...... $250 


Ocean Isle Software 
1201 19th Place 
Vero Beach, FL 32960 
(407) 770-4777 
Cin;le 1082 on Inquiry Card. 

Remotely Pou lble/ Dlal 4.0e 
Modem ........... .. ....... ... .... .... .. ...... ....... ... .... .. $199 
LAN (unlimited users al one site) .. .... ..... .... ...$499 

Avalan Technology, Inc. 
P.O. Box 68B8 
116 Hopping Brook Pk. 
Holl iston, MA 01746 
(508) 429-6482 
Cin:ie 1083 on Inquiry Cant. 

crypt the log-in pas. word upon log-in , or 
even all the data during the connection. A 
line tap would be able to intercept only 
gibberish, becau e it would not have the 
encryption key needed to translate the gib­
berish back into meaningful data. All the 
programs except pcAnywhere support 
password encryption. Data encryption is 
upported by CoSession, ReachOut Re­

mote Control and Remotely Po sible, but 
because of strict federal regulation of data 
encryption products, users should arrange 
with their software dealer to make ure it is 
included with their purchase. 

Remote-Control Choices 
Close-Up, with support for more than 600 
modems includes more than three times 
the driver. of any other program. It pro­
vides excellent performance when redis­
play ing a creen on the remote y tern, 
thanks to its built-in Photographic Memory 
caching. Users will fi nd thi s especiall y 
useful when moving through a multipage 
document. Usabi)j ty is hampered by the 
ab. ence of on-line help throughout most of 
the program and the lack of icons and win­
dows such as the other programs offer. 

lo. e-Up i. notab le ~ r its abili ty to work 
wi th th ircl-pany viru -checking progra ms. 

o e. sion i a trong program in near­
ly every categ ry. It peed is qu ite g od, 
particularl y in fil e tra nsfer and vid o dis­
play 1es ts- 1wo important performance 
categorie . o e sion's featu re set is ex­
t n ive, an I it will operate at a DTE rate of 
2 0.4 Kbps, ne of' only two tested pro­
>ram. to do so. l t has excellent on-line 
help, but some aspect. of the program are 
tliffi cult LO learn . 

No other program matche. the a ll ­
around excellence f Reac hOu t Remote 

ontro l. lt delivers in almost every cate­
gory, with th fa test overall performance, 
the highe t usabili ty rating, and the mo ·t 
features. Te. ter. unani mously ra te it num­
ber one in the general usabil ity evaluation. 
ReachOut also offe a built-in viru heck­
er. With it optimal mix of performance 
and power, ReachOut . hould handily meet 
any rem re-control need . . • 

This report contains the results of The Soft­
w,a re Dige t Ratings Report, a monthly 
publicationfrom the Naricnal Software Test­
ing Laboratorip (NSTLJ. To obtain com­
plete tesr results and in-depth analysis, COIV 

ta01 NSTL (P.O. Box 551, Hightstow11, N'J, 
08520, (609) 426-7070, f ax (609) 426­
5434). BYI'E and NSTL ar.e opera1ing units 
of McGraw-Hill, Inc. 
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FIRST You GAVE Us A DESK. 



you to a solid, aggre sive systems company: Compaq. 

You may not be aware, but la t year we provided 

over 63% of the wodd's. upcrservers.
1 

That's b cause 

our advanced y terns can actually outperform mini­

computers costing many time mor , while delivering 

nt rpris - lass rdiabilit . Th ' an also radi ·aJJ cut 

per-transacti n nd maintenan Mts. 

ur exp ri nc , fuel d by partnerships ' ith su h 

tworking I ad rs as Novell, Mi rosof't and . C , has 

Now WE WANT To RuN 

, we know how much your p ople rely 

-lbryears. We also know that you're ery erious 

So, as your trusted P company, we'd like to refer 

d u devdop an int ·grat d family f n •t' orking 

- mm the nt~w ProSignla V (whi h offi rs 

at a desk.top pric ) to th high­



THE WHOLE COMPANY. 


going to end 1,lp with s.malJ, complicated computer. 

o Compaq's networking-solutions bring you the 

same ease of use we've brought to the de!>ktop. Our 

CD-based SmartStart technology vastly simplifiei 

mo t complicated part of the setup proee s ­

being serviced. The Compaq Insight M 

800 critical measurements of server 

Cl!<:le 288 on l11guiry Gard. 



_ _

~~ 
~~ ~~~~u~J .....~ away from-r$.•"­ the office, or need to 

0.., provide remote support, get 

the product that's ideal in the 

field. ReachOut Remote Control. Ir supplies the 

. .
many secunty options as 

Sing-Sing. Operation is as smooth 

as silk." Info World rated ReachOut as #1 and 

awarded it their Buyer's Assurance Seal. And 

PC Magazine UK confessed ReachOut "was the 

only remote control program that worked right 

out of the box." They named ReachOut The 

Editor's Choice and called ir a top 

notch value. The new ReachOut 

power to remotely control any PC running 

Windows or DOS. From anywhere. To· 

anywhere. View a remote PC's screen in 

one Window while working 
Rated Version 4.0 for Windows 

continue th 

locally in another Window. 

U e Reach ut' xclu ive Number One tradition of 

excellence with upport for all 

Remote Clipboard to cut and paste 

data between the two. Transfer files 

at record br aking speed . ven 

INFO 
WORLD 

synchronized files 

b tween two PCs. 

In 
The Field 

high resolution monitors up to 

1280 by 1280 with 256 colors. 

What' more, it mak no 

modifications to the Windows 

initialization files. And speed i as 

ReachOur has earned three 

major awards in the past 18 months. T he late t 

being "Product of the Year" for 1994 from LAN 

Magazine. Whjch goes to show that ReachOut is 

one powerful networking tool. InfoWorld 

proclaimed "ReachOut offers superb screen, 

mouse, and file transfer speeds and provides as 

much as 40% faster than the version 

Info World had reviewed. 

o don't settle for anything less than ReachOut. 

Call us toll free now for more information or 

for the ReachOut dealer nearest you. 

1-800-677-6232. And then be the best in your 

field, with the best in the field. 

1-800-677-6232 

cean 
120119th Place 

Vero Beach, Florida 32960 U.S.A. 

r1.-i-. ~a.11._ ..... ..._ 1ft.llLl ..u.u ~.a.•.d 1.o_c_c.c1 1 _c1:u:.~ ?A~\ 

Phone (407) nG-4777 Fax (407) nMm 



Iaij1 fM't'J Hardware 

Big, Fast IDE Drives 
The first high-capacity IDE drives show a lot of promise, particularly If 

you have a local-bus system that supports them well 

DAVID ESSEX 

T he need for fast, high-capacity 
hard drive bas recentJy chal­
lenged the well-established popu­

larity of the ATA (AT Attachment) inter­
face u ed with IDE drives. The low cost 
and relative technical simplicity of IDE 
drive are Liule help when the data- tor­
age requirements of workstations and mul­
timedia machines pu b again. ta BIOS­
and DOS-impo ed 528-MB capacity Lim­
it. Further, on local-bus . ystems, ATA 's 
2- to 3-MBps data-throughput rate i no 
match for the nominal 5- to 20-MBps rates 
of the SCSI bus, putting LDE at a peed 
disadvantage in multimedia environments. 

To meet thi challenge, last year hard­
ware and sy tern . oft ware makers began 
updating the ATA tandard-pu hed 
omewhat by an Enhanced IDE . tandard 

pr po cd by Western Digital (see "JOE 
Takes ff,'' March BYTE). Pan of West­
ern Digital' pr po. al relating to incrca ·ed 
capacity (well beyond 528 MB) and high­
er TA bu thr ughput were adapted by 
the FF ( mall Form Factor ommiltc ). 
an ad ho industry group. The re ulting 

proposal i n win th hand. of AN I, 
where it could pick up other enhancements, 
such a. D-ROM suppo11 , on its way to 
be oming known a · th ATA-2 standard . 

A few (540-MB) dri ves began imple­
menting th F guidelines last year. This 
past ·pring and summer, larg r, faster 
drives arrived, and they are th ubject of 
thi s roundup. All offer burst data transfer 
rates over the ATA int rfa e of al lea l 
I I. I MBp . The performance story re­
mai ns more complicated however, a the 
data den iry of magnetic media, spin rates, 
and efficiency of read/write head move­
ment continue to play major role . The 
point is well illustrated by Lbc varying 
throughput and eek speeds exhibited by 
the reviewed drives, which range in ize 
from 540 MB to 1.08 GB. 

In the Channel 
The eight IDE drives reviewed here are 
repre entative of hard drive manufactur­
ers ' late t effons to bring dri ve electronics 
up to speed with local -bus sy terns and 
improvements in the mechanical aspects 

of drive architecture. Standard ATA data 
transfers going over th · typical T A bus 
arc limited to a bandwidth that cann t han­
dle the fas ter stream of bit s er atcd by 
newer drive . rowing ever smaller, the. e 
drives have mored nsely pa ked platter 
with drive heads thut are themselves get­
ting . mailer, lighter, and quicker. b th me­
chanica lly and cle tronically. Even when 
mat hed with higher-thr ughput I cal-bu 
computer" IDE drives ould not match 
S SI rates, because the PU 's ·tandard 
way f ontrolling throughput (called Pro­
·essor 110, or PIO) did not let it r cogni ze 

when I00 percent of th shar d local bu .. ' s 
bandwidth wa. available for data transfers. 

The olution t fas ter PlO, implement­
ed on all 1h reviewed drives, i called flow 
control 11sinR !ORDY (the f/0 hanncl 
Ready line on 1he ATA bus). Fl w omrol 
lets the drive electr nics r gulate th PU . 
data transfer function. s the drive can re­
liably communicate with the bus at higher 
. peeds. The SFF has tandardized new 
ATA Li.mings using fl ow ontrol (ca ll ed 
PIO Mode 3) at 180 nanoseconds per cy­
cle. The result in theory, is maximum in­
t rnal transfer rates, or burst rates, of up to 
I l.J MBp.. That tran late into at lease a 
doubling of effective data tran fer rates a 
result more or less borne out by the BYTE 
benchmark test . r measured sustained 
buffer-to-host rates a high as 7 MBp. . 

An alternative method, Fa t Multi word 
OMA, uses the computer's OMA con-

The new genel'lltion of 
fast IDE drives with 
larger capacities Is a 
good match fOf" fast 
local-bus systems. 
Counterclockwise from 
left are the 1-GB 
Mk:ropolls Taurus 
4110A, the 1-GB IBM 
0662 Model A10, the 
540-MB Seagate 
ST5660A, the Western 
Digital Caviar AC2540, 
the 728-MB IBM OSAA· 
3720, and the 540-MB 
Quantum ProDrive LPS 
540AT. Not Included In 
the photo are Seagate's 
1-GB ST31220A 
Medalist 1080 and 
Western Oigltal's 1-GB 
Caviar AC31000. 

troller instead of the CPU to handle data 
transfer. b tween the drive and system 
m mory. FF dcfin s Mod I DMA trans­
fe rs tc a llow burst ra tes of up to 13. 
MBps. roughly equivalent I. PIO Mode 
. (A new Pl Mod 4 offers burst rates of 

up to I .6 MBps and show. up here only 
on the I-GB IBM 0662 Mo lei AIO and 

eagate T3 I 220A, although y ·tern 
weren' t avai lable al revi w time to sup­
port r test th sc rat-. .) 

as ter throughput was not the nly IDE 
improvemen1 I hop ·d lo observe in the 
tested drives. The F prop sal provide. 
two translation schemes tha t I t DOS ­
based sy terns break the 528-MB barrier. 
The lil"l, HS, involves a simple transla­
ti on between the sli ght ly incongruous 
cylinder-head-Sc tor parameters in the sys­
tem BIO and those in the drive tirn1ware. 

The . econd scheme, LBA (logical block 
address), tran. late. the CHS information 
into a 28-bit adclres that can be used by 
the perating ystem device driver, and 
dri ve interface. All the reviewed dri ves 
. upport the more advanced LBA standard, 
but they use the impler CHS in older ys­
terns with BlOS code that doesn' t support 
LBA. Many newer systems al. o upport 
only CHS, becau e it 's more difficu lt to 
modify a BlOS to suppo1i LBA. The CHS 
scheme has an upper capacity limi t of 8.4 
GB-enough for now. 

Small size and energy efficiency are 
two more benefits common to these drive . 

cominued 
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Drive Perfonnance Results 
BYTE DOS File 1/0 

Read iKBps) 

IBM osAA-3720 •••DE 
IBM0662Mode1A10 ·---DE

Mlaopolls TaUIUS 4110A 

Otlan1ul)1ProOriVelPS040AT ·---ml
Seaga~ITT5660A lilm•••mIJ 

Sea9f1e ST31220A Medalist 1oeo 
Wes1em Dlgilal Caviar AC2540 

Westem Dlgi1a1 Caviar AC31000 

Write (KBps) 

NSTL PLATT QBench 1.30 

Index Da1a Access Time \msl 

~ 
, 19 

I 

I 

100.D 0 soo.o o 02 °"4 o.6 o.a 10 u o 2.0 ui e.o a.o o SIO lll'.0.0 ISIOD 

Tests were done on a Compaq Deskpro XIE 450 wffll a 5().MHz 486DX2 CPU and bU/lt·ln local-bus /DIE SllpPOrt. 
For all· tests excsp/ the O&nch Data Access T/f1l8, longer bars Bl'fl baltff. The NSTL PLATT 
msu/ts am given as a gBOrtffJtrlc f1l8an of welghtfld, ln<IBxfld raw results. 

Results from three different hard drive tests show 1 fairly consistent performance picture, with sllgllt Jostling of rellltlve positions between tests. lllaer drives generally 
do better because they use the latest technology. 

None i more than 1 inch high; Seagate' 
540-MB ST5660A is only 0.75 inch high 
(it's also maller than the others in length 
and width). These reduced dimensions will 
allow computer manufacturer to continue 
downsizing system boxes. In adrution, the 
drives all boast low wattages, helping to 
meet federal government procurement re­
quiremenll pe ilied in the Environmental 
ProLection Agcn y nergy tar program. 

Drive Testing 
J u. ed cwo P y Le m. to te 1 the hard 
drives: a ompaq D • kpro XE 450 (50­
MHz 486DX2) and a Zeo Pantera (60­
MHz Pentium). a h sy tern provided a 
buill- in local-bus TOE c nne tion and a 
BIO that support ID drive larger than 
528 MB. The ompaq was a year- Id r A 
ystem with a 170-MB onn r ID · drive; 

the Ze . was a m re recent PC! (Peripheral 
Component Interconnect) design with a 
425-MB We tern Digita l TOE dri ve. In 
both . ystem ', the ho L drive wa config­
ured as an IDE master and the t drives as 
laves, u ing the appropriate drive jumper 

if nece. sary. 
I used three Lest : the file 1/0 part of 

BYTE' low-level DO benchmark, Quan­
tum s QBcnch l.30, and STL's PLATT 
(Page Level Availability Time Te t) ( ee 
"Lab Report: 32 High-Speed Hard Drives," 
September 1993 BYTE). Each test cakes 
it own read on the complexities of drive 
perfom1ance. 

The BYTE file I/O te t measure read 
and write 1/0 from the DOS file level. 
QBench work at the BlOS level, mea­
uring sequential and random reads and 

writes. It produce a weighted average of 
acce time and data tran fer rates ba ed 
on profiled DOS application (65 percent 
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equential I/O, 35 percent random· 60 per­
cent read, 40 percent write). 

The NS1L PLATT benchmark is based 
on a profile of hard drive activity mea­
ured from Windows business applications 

running with Microsoft's SMARTDRV 
caching program. The acce s-time results 
from 12 tests, a mix of random and se­
quential read and write operation , are 
weighted and averaged according co the 
Window · profile. One part of the PLATT 
all w calculati n of equential throughput 
(divid ing the 16-KB bl ck ize by the re­
turned acces time in milliseconds). 

The age differ nee between the Lwo ce t 
system intlu need drive installari n and 
performan e. While the ompaq auto­
matica lly worked wi th the two WesLern 
Digital drives and the I-GB Seagate, it re­
quired utility oftware uch a. OnTrack' 
Di . k Manager (provided with many of the 
drive ) to recognize the other drives, and it 
w uldn ' t work with the 540-MB eagate 
unit unle sec for 52 MB. The BJO in 
the newer Zeo yscem recogni zed and 
worked with all tested drive , aucomaci­
cally configuring co their maxi mum ca­
pa ity through a etup menu election. 

The Zeos, with ic more ophi licated 
IDE controller, got much higher through­
puL rates in many of the te ts hawing that 
the sy tern can be a bottleneck with new 
faster drives. Testing the five biggest drive 
on both systems showed chat the 1-GB 
IBM 0662 Model Al 0 picked up the great­
est throughput benefit from the faster ys­
tem ; the Micropolis Taurus 41 lOA the 
728-MB IBM DSAA-3720, and the We t­
ern Digital Caviar AC3 J000 showed inter­
mediate gain . The I-GB Seagate drive 
made mailer but till ub tantiaJ through­
put gains. The fa test mea~ured throughput, 

7 MBps, came from the 1-GB IBM drive 
on a PLATI equential-read test chat pulls 
most of ics data from the drive' s built-in 
buffer. The test system's ATA bus speed 
had no effect on access-time tests. 

IBM DSAA-3720 and 0662 Model AlO 
Although the two IBM drive differ from 
each other substantially, both employ the 
magnetore i •tive head Le hn I gy invent­
ed by £BM. Magne LoresisLive read and 
wriLe head require fewer copper coi ls and 
materia l layer · than ·tandard Lhin-fi lm 
head . The benefit, a cord ing to fBM , .is 
smaller, simpler h ads that all w higher 
daLa den. ity and better durability . Both 
IBM drive al o employ digital read chan­
n I electr nic that all w reliable reading 
of m re den. ely packed daca ( e "Digital 
Hard Drives," March BYTE). 

The e cwo LBM drives do, in fa l , have 
s me of the highe t tra k den ity of the 
group (a. high as 4300 Lrack per inch for 
the 728-MB DSAA-3720), and the I-GB 
0622 claim a top-rated MTBF (mean time 
before fai lure) rating of 500,000 hours. 

The I-GB lBM drive's mailer, more 
efficient head and higher data den ity do 
not seem to give it any overall perfonnance 
advancage over the 1-GB Micropol is Tau­
ru , however. The Micropoli makes up 
in acces time what it lo es in data transfer 
rate. In the file 1/0 te t, the MicropoLi 
drive bested the field and exceeded the 1­
GB IBM unit's peeds by 3 percent to 13 
percent The IBM drive fared better in the 
NSTL PLATT benchmark, where it high­
er throughput slighdy edged out the Mi­
cropolis drive s quicker acces time . 

The IBM unit did lo w down in the 
PLATT eq uential te t that accesses 
four areas of the drive simultaneously (an 



SYSTAT®6.0 for DOS 

n w analys s l th YSt J pa kag : 
• d sign of xp rim nt pr dur 
~ r quality control including 
D- ptimal Tagu hi, Pia ken-Burman, 
Box-B hnk n, and oth rd ign 
• matri alg bra ommand · and 
fun tion • RAM A, a p w rful 
path analy is pro dur . 

ompatibl a ro platform . 

" Y. TAT (for Windows) ­ with 
its su.perbgraphics, high-quality 
stat.isticttl algmithms, and 
re a.son abl.e price - is an excellent 

•.,~· "" choice." PC Magazine
$Y!!.A~ 

Wh th r you u e D , Window r 
a Macinto h-wiLh Y J\T you're 
u ing th b st statisti s and graphics 

ftwarc avai labl . 

To ord r TAT (with a 60-day 
mon y-back guarant e), or to 
r qu st m re information, call: 

708-864-5670 
For Windows clrcle 142, 
For IBM/ DOS circle 143. 

For more infof'lmltion call or write: SYSTAT. Inc., 1800 SherJllan Avenue. Evan rt,,llllnois 60201 -3793. Tel:708.864.5670, Fax:708.492.3567 
Australia: 61.3.602.5088, Belgium:32.2.268. 1n5, D111mark: 45.64.406575, Finland: 358.0.692.3800, France: 33.76.418508, Gannany; 49.55.42n075, 
Greece: 30.1.362'9041, Holland: 3).34.0266336, haly: 39.581.213640, Japan: 81 .33.5902311 , Malaysia: 603.703 .5568, Mexico: 52.5,563.0641, 
New Zaaland164.7.8562675, Norway: 47,32.892.240, Poland: 48.12.360791 , Spain: 34.3.4154904, Sweden: 46.31.776,0121 , 
Swiuerland: 31.971 .33.71, Taiwan: 886.2.704.2762, UK: 44.462.480.055 
C 1991 SYSTAJ$, Inc. SYSTAT is a ragisttrad naaemarl< of SYSTAT. Inc. Wlmtows le 1111demarlcol Mlcrosof\Corp. Mac imosh r. e reglsttrld tl>dem11k ol Apple tomp01e1, Im" 
' SYSTATfor DOS rwted tiigtlfltfn <Mlltll evalunon by lollwtro 0"'61 llMitlp ,.,.,.. Vol. I. llf. ~ May, 1991 , Software O,g.,l ls 1rtgmarad111demerti of NSTL, Inc. 

The only statistics package
you'll ever need. 

"The best general-purpose statistics 
program"* just got better 
For more than 10 year , YSTAT, Inc. 
has been producing accurate, com­
prehen ive tatistics and graphic 
software. SYSIAT 6.0 for DOS the 
latest version of the highly-rated 
SYSTAT package bring you new 
dimen ion of power and function­
ality. A broad array of data handling, 
tati tics, and graphics feature have 

been added to the package. SYSTAT 
can accommodate larger data ets 
than ever before: the program has 
been rewritten to let you analyze 
data file with thousands of variables 
and unlimited record . YSIAT for 
DOS now support extended mem­
ory, to allow for very large, complex 
analyses.And, SYSTAT's graphic are 

now object-oriented, so you can 
modify them with ease, and rotate 
all 3-Dgraph to anyperspective. 

From basic to advanced statistics 
All versions of SYSTAT provide 
a full range of tati tical analyse , 
including: • frequencies • t tests 
• multi-way cro -tab • nonpara­
metric statistics • correlations 
• linear, multiple, and stepwise 
regression • ANOVA • ANCOVA 
• repeated measure • factor 
analysis • du ter analy i • multi­
dimensional scaling • Box:Jenkins 
ARIMA model • Fourier analy is 
• principal component analy is 
• mean models • post-hoc te ts 
• time serie • nonlinear modeling 
• loglinear modeling. 

SYSTAT 6.0 for DOS add everal 

Call for Introductory Pricing 

New! QuickGraphs & 3-0 Charts 
SYSfAT 6.0 for DO provides Quick­
Graphs, plots that are automatically 
generated with each analysis. ew 
3-D bar, pie and ribbon charts give 
you three dynamic ways to present 
your analy i results. The package 
now also upplie Shewhart, Pareto, 
and C SUM charts for quality con­
trol. Other SYSTAT graph include: 
• box plots • density plots • function 
plots • icon plots • probability 
plots • quantile plots • tem-and­
leaf plots • 2-D and 3-D catterplots 
• map with geographic projections 
• contour plots. 

SYSTAT for Windows & Macintosh 
SYSfAT (version 5) i al o available 
for Window '"and Macintosh~ All 
SYSTAT data and graphics files are 
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indication of server capability), On aFaster Systembut it was till as fast as or faster 
than any other drive but the Mi­
cropolis Taurus in this test. Both 
l-GB drives have a large (512­
KB) buffer so difference in 
caching algorithms are the mo t 
likely reason for the IBM drive's 
performance drop-off. 

IBM' 728-MB DSAA-3720 
has the smallest cache in the 
group (96 KB ), and , at 4500 
rpm, its rotation is slower than 
the 1-GB drives . But it com­
pares favorably to the 1-GB IBM 
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pied with the low average seek 
time (8.5 ms) claimed for both 
drives, should lead to quick data 
access. In those tests measuring 
random-acces time in the Win­
dows-oriented PLATT bench­
mark, the two drives did better 
than all the other , with the 
Micropolis generally fa ter than 
the IBM. In the DOS-oriented 
QBench te t, however the two 
Western Digital drives were fast­
est in data-acces -time tests. 

U ing more disks contributes 
to the Micropolis ' s high $739 

IBM IBM0662 Mlcropolls Seagate WestemDlgitat
drive for multimedia use , be­ DSAA-3720 ModelA10 Taurus 4110A ST31220A Caviar ACJ1000 street price, but then Micropoli 
cau e it doesn' thave to perform ~--------------------~ offers an industry-leading five­
TCAL (thermal recalibration), a Running on a 60-MHz Zeos Pentium system with a more sophisticated IDE Interface year warranty. (IBM offers a 
periodic compen ation for heat­ than the 50-MHz Compaq 486 Deskpro had, several of the drives Improved mar11edly five-year warranty on its 1-GB 

In throughput results, as shown here by the QBench test. The 1-0B IBM andinduced mechanica l changes Mlcropolis drives showed the strongest benefit. 
that can translate into lost video 
frames. (Some of the other reviewed drives 
don' t need to do TCAL, either.) IBM says 
it 's preparing a workaround to mitigate 
TCAL' effects on the 1-GB drive. 

The small cache may be one reason why 
the 728-MB drive ha lower throughput 
than two of the smaller (540-MB) drives 
wh n, theoretically, its higher lrack and 
areal den ity would let it pump bi ts fa ter. 
rn the file 1/0 te , the 728-MB JBM drive 
general ly fall lightly behind the 540-MB 
Quantum and eagate uni t , although it 
pa e. two l -GB dri ve n the Pentium 
QBench te t. 

Micropolls Taurus 4110A 
As noted above, the I-GB Micropoli Tau­
rus perform slightly better than the I-GB 
JBM drive even though it lack the data 
den ity advantage of magnetore i ti ve 
techn logy. It avoid some of the down ide 

of high capacity by employing five platters. 
It thus has two more than the three-disk 
IBM drive giving it an edge when per­
forming nonsequential eeks on large files 
(measured by the Short Seek and Long 
Seek tests in the PLATT benchmark). 

The Micropolis can confine such files to 
a narrower range of cylinders (track that 
ar the same general distance from the 
drive spindle) becaus th extra di ks allow 
more capacity per cylinder. In other words, 
the m re ta ked up the cylinders, th h rt­
cr the di tan e the read/write head mu l 
move when randomly acces ing in a file. 

Both JBM and Micropoli s state that the 
I-GB I.rive ' 5400-rpm rotational speed 
reduce latency time (the time it take for 
the reque ted block to pa s under the head 
on e the head ha arri ved at th correct 
tra k) to 5.56 millisecond . Thi i an ea ­
ily proved mathematical verity and, cou-

IDE drive but not on the 728­
MB unit.) Those looking to push 

the capacity limits of the IDE interface 
ought to seriously consider this drive. 

Quantum ProDrive LPS 540AT 
While the ProDrive LPS 540AT is larger 
than 528 MB and supports fast local-bus 
transfer modes, it won ' t be Quantum 's 
fa te I or large t TDE dri ve by th time 
you read lhi . Quantum ' new 540-MB 
Li ghtning drive h uld be fas ter, and a 
730-MB version of the Lightning will be 
larger. While relatively low in the group 
revi wed here, the P Drive LP 540AT i 
till a fa t drive with an attractive price. 

The dri ve supp rt PIO Mod 3 and Fast 
Mu ltiword OMA, o the ATA interface 
throughput can potentially malcb the drive. 

However in both the acce s-time mea­
ur important for random file 1/0 and 

the throughput mea ure imponant for e­
quential file I/O, the drive placed well back 

IDE HARD DRIVE FEATURES 
Specs like these can give agood picture of a drlve's capabilities, although they do not take Into account one Important attribute: the effectiveness 
of the caching algorithms for the drlve 's built-In cache. Larger drives get the best technology-for example, the higher (540Q..rpm) spin rates 
for the 1-GB IBM and Mlcropolls drives. They also have higher MTBF ratings and the longest warranties. 

DRIVE CAPACITY DISKS NO. OF HEADS/ SPIN AVERAGE SEEK TIMES (MINIMUM/ CACIE/ TRACK 
(fllB) RECORDING RATE LATENCY AVERAGE/IAlllUI; MS)" DENSITY 

SURFACES (RPI) (MS) (TPI) 

DSNP3720 728 2 414 4600 6.87 
IBM 0662 Model A10 1052 3 615 5400 5.56 0.6-2.5/8.5-10.1/16.5-18 512 4077 

Micl'oQOllljT.a\IM 4110A 1057 6. 1CW 5400 !L&e , 
~ .. 

Quantum ProDrive LPS 540AT 541 2 4/4 4500 6.87 4/12123 128 2875 

SeaQdtS1'S8flOA 54CI 2 414 4SCJO U7 M(fa'llf 
Seagate ST31220A Medalist 1080 1083 3 6/6 4500 6.67 3.5112125 256 4250 

w~ Caviar AC2S40 641 2 414 4SCJO 8.e? 4i't1-1M& t28 
WeS1em Digital Caviar AC31000 1084 3 6/6 4495 6.67 4/10-12123 128 4000 

"Track-to-track, Including settling time; hyphen separates read and write values where necessary 
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in the pack (though rarely last). Among 
the three 540-MB drives reviewed here, it 
placed second in sequential-access test , 
behind the Seagate ST5660A. The Pro­
Drive fared best in several of the impler 
PLATT equential tests, indicating that it 
may be a better drive for Windows than 
DOS, since that test is modeled on the use 
of hard drives in a Windows environment 

Two factors may have depressed the 
throughput result . Like the Western Dig­
ital drives, the Quantum ProDrive has a 
fairly small (128-KB) cache/buffer. And at 
2875 tpi it has the second-lowest track 
den ity of the group (the Micropolis Tau­
rus 4110A has the lowest). 

One final note: Quantum, like Western 
Digital and Micropolis, ships its drive with 
a pecially licensed copy of OnTrack Com­
puter Systems ' Disk Manager to perform 
the CHS translation needed to get above 
the 528-MB DOSfBIOS barrier on sys­
tems with older BIOS code. 

Seagate ST5660A and ST31220A 
Seagate's mid-capacity entry has little that 
overtly differentiates it from the other 540­
MB drives . When tested , however, the 
ST5660A showed eek and throughput 
speeds that put it not only at the t p f the 
540-MB group but in range of the I-GB 
drive . For examp.le, in the file l/0 read 
te t, the T5660A' 559.4 KBps placed it 
fourth overall, behind three J-GB drive . ln 
the PLATT benchmarks, it jumped toward 
the top in the cquential te t . . 

ote that the eagate was the only driv 
I couldn 't configure for more than 528 MB 
on the Compaq test ystem. The ompaq'. 
BTOS didn't automatically recognize it, 
and Seagate bas no plan to ffer its own or 
a third-party driver. That houldn ' t b a 

IATtD ITIF WHIAllTY PllCE 
(PDWH-011 (TEAIS) 
MOUIS) 

500,000 5 $730 (list) 

300,000 2 $389 (street) 

3 $689 (street) 

250,000 3 $679 (street) 

WJndOws DLL and an 05/ 2 32·blt version Is also avallableJ 

Circle 129 on Inquiry Card. 

Save Disk Space 


•PKZIP version 2.0 

PC WORLD PKWARE 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 files. 
This saves disk space and reduces flle transfer time. 

Software developersl You can significantly reduce 
WORLD CLASS product duplication costs by decreasing the number of 
•"''Ano disks required to distribute your applications. Call for 
"'"' "' Distribution License information. 

Put Your Executables on a Diet 
Software developers! Save disk space and 
media costs with smaller executables. You can 
distribute your sotl:ware In a compressed form 
with PKLITE Professional.• PKLITE Professional 
gives you the ability to campress files so that 
they cannot be expanded by PKLITE. This 
di ourages reverse engln erlng of your 
programs. 

PKLITE Increases your valuable disk space by compressing DOS 
executable (.f:Xf: and .COM) mes by an average of 45%. The operation or 
PKLITf: ls transparent, all you wlll notice Is more available disk space! 

for YOUR Application 
Th PKW~ Data Compression Ubrary" 
allows you to lncorporab data 
compression technology Into your 
soft.were applications. Th application 
program controls all the Input and 
output or data. allowing data to be 
compressed or extracted to or from an~ 
device or area or memory. 

All Purpose Data Compression t\IQOl'lthm compresses ASCQ or binary~
G.ufc;kly. The routines can be used with mllnY popular DOS languageS. A 

http:examp.le
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IBM Stonee Sptems Mlcropolls 
Division (Taurus 4-llOA) 
(DSAA-3720; 0622 Model 21211 Nordhoff St. 
AlO) Chatsworth. CA 91311 
Dept. 2W4 (800) 395'3748 
Rte. 100, P.O. Box 100 (818) 709-3300 
Somers, NY 10589 fax: (818) 709--3396 
(800) 426-7299 Clrde 1085 on Inquiry Card. 

fax: (800) 426-3395 

Cltde 1084 Oii inquiry Card. 


About the Companies 

Quantum Corp. 
(ProDrlve LPS 540AT) 
5'00 McCarthy Blvd. 
Milpitas, CA 95035 
(800) 624-5545 
(408) 894-4000 
fax: (408) 894-3205 
Clrcle 1086 Oii hlqlllry Card. 

~Techno!CV 
(ST5660A; ST31220A 
Medalist 1080) 
920 Disc Dr. 
Scotts Valley, CA 95066 
(408) 438-6550 
fax: (408) 438-7852 
Circle 1087 on lnquily Cini. 

Western DI~ Corp. 

(CaviarA02540; Caviar 

AC31000) 

8105 Irvine Center Dr. 

Irvine, CA 92718 

(800) 832-4778 
(714) 932-5000 
fax: (714) ~32-6498 
Circle 1088 on Inquiry Card. 

problem later on in the year as the Phoenix 
BIOS, AMI' latest BIOS, and other de­
igned to handle higher IDE capacities and 

LBA translation become more widely 
available. However, if you own an older 
y tern, you may not be able to acce the 

ST5660A' top 12 MB without a utility 
like OnTrack Di k Manager. 

The Compaq had no trouble with Sea­
gate 1-GB ST31220A Medali t 1080. 
Formatting nicely at over 1079 MB, the 
Medalist performed competitively with 
the I -GB IBM and Micropoli drives on 
the Compaq, running neck-and-neck with 
Seagate' smaller 528-MB unit. Both Sea­
gate drives did well on equential tests, 
but not as well with random 110. Read re­
sults were con i tently behind write for 
both eagate (they u e th am caching 
algorithms). nth Zeo, Pentium y t m, 
the I - B cagate fell significantly behind 
other I -GB drives on throughput te t. . 

Western Digital Caviar AC2540 and AC31000 
A lthough We t rn Digital, champion of 
the Enh anced ID rn ovem nt, ha · en­

dowed its Caviar IDE drive witb all the 
right high- peed protocol upport- Mode 
3 PiO and Mode I DMA- its efforts do 
not seem to bave brought superior perfor­
mance. Tbe drive are fast, but not as fa t 
as the others I te ted. The 540-MB AC2540 
and 1-GB AC31000 provided imilar re­
sults in most tests with the larger, newer 
drive coming out a bit ahead. 

The Western Digital drives placed last 
or next-to-last in most throughput te t . 
For example, the AC2540's 495-KBps re-
ult placed it La t in the file I/O read test. In 

the PLATT benchmark, the Western Dig­
ital drive placed in the slower group witb 
the 540-MB Quantwn and 728-MB IBM 
drive . QBench re ult were mixed : I w­

·t in tran fer Lime but fastest in a cess 
tim . The QBench a cess-rirne resu ll de­
rive fr rn b th ·cquential and random op­
eration , so Lhe bui lt- in cache h lps out. 
Th PLATT ben hmark' · ek te t ', where 
the av iars didn 't do as w II, are ba ed 
n rand m l/ an I more refle t the drives' 

mechanical abilili . . 
Bui keep perf rmanc in per pectiv'. 

The We 'tern Digital drive offer capacities 
and eek time that would have been un­
heard of in an IDE drive two years ago. lf 
you have an olderISA system that you ' re 
upgrading for increased capacity, look at 
Western Digital ' pricing, because you 
area l likely to ee great performance dif­
ferences between drives without local bu . 

With capacities over 1 GB and upport 
for local-bus tran fer rates, new IDE drives 
remain your be t bet for desktop systems, 
where lower clrive-inteiface overhead gives 
them a peed advantage over comparable 
SCSI drives. SCST hines only in multitask­
ing, multidrive ituation and can provide 
multigigabyte capacities. Drive utility pro­
gram like OnTrack' · let you use these 
drive, on j ust about any y ·tern with ID 

nnecror. , bur newer y ·tern that auto­
matically re ognize large capac iti s and 
provide lo al-bu throughput are where 
they belong. • 

Da vid Essex is a BYTE tech11ica/ editor. Yu11 c<111 
reach /ii111 011 til t' Internet or RIX tit des.1·ex@ 
bix.ro111. 

ROMDISI< TM For PCMCIA Products circle 82, 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • OTHER Products circle 83 on Inquiry card. 

SOLID STATE Disk Emulators and PCMCIA Products 
Board Level Disk Emulators 
• Replace mechanical drives in embedded systems 
•High performance and low cost models available 
• Flash, EPROM and battery-backed SRAM 

technologies. Capacities from 180K to 14MB 
•Dual drive and hard drive emulation support 
• 8 and 16 Bit ISA bus support 
PCMCIA Carddrives & Adapters 
•Use PCMCIA cards in your desktop or 
embedded PC system 

• Internal model fits in 3W' drive bay 
•Dual socket & external models available 
• Support for all types of memory, 
110 cards and Type Ill hard drives 

•DOS & Windows compatible drivers included 

PC CardShark II ™ 
PCMCIA Carddrive 

High Capacity DRAM Drive 
• Expandable 16 to 512MB. 51/4" or 
desktop models.Fast SCSl-2, SIMM 
module based, .1msec access with 
built-in battery back-up and ECC. 

Flash IDE Drives with capaci ­
ties from 2.5 to 40MB 
Features: Autoboot capability, all 
models. Support for all popular op­
erating sytems. Solid state reliability. 
Applications: Embedded 
Systems, Diskless PCs, LANs, 
POS, Medical, CAD/CAM, 
Graphics, High Performance PCs 
and Servers. 

···················CURTIS, INC. Industry Leader in Disk Emulation Products 
418 W. County Rd. D • St. Paul , MN 55112 • 612/631-9512 •FAX 612/631-9508 

1156 BYTE SEP'TEMB R 1994 Circle 82 on Inquiry Card (Resellers: 83). 
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Access 2.0: The Best of Both Worlds? 

With ease-of-use features and enhanced development tools, Microsoft' s 

database manager aims at dabblers and developers 

JIM CARLS 

I 
f s the holy grail of database vendors: 

building a database manager with the 
ease of use of a flat-file database and 

the power to satisfy demanding developers. 
Microsoft reached for this elu. ive goal 
with the initial release of Access and hopes 
to close in on it with Acces. 2.0. The new 
features and capabilities in 2.0 aim at the 
low-end user with ease-of-use improve­
ments and at the darabase developer with 
enhanced connectivity and programming 
option.. But the package ca n be intimi­
dating and may leave the low end behind. 

Objects Through Windows 
Access 2.0. like I .x , i. an object-oriented 
RDBMS (relational databa~e management 
. ystem). User · new to this approach to 
data management will find a major differ­
ence between products lik • Access and 

Access 2.0 Is an object-oriented RD8MS. Objects In Access Include d.U tables, reports, screen tonns, controls tradi ti ona l command-driven DBM cs: In­
such as Input fields and buttons, and other elements. A property Is a characteristic of an object and can range fromstead of wrestl ing with a long list of com­
Input masks to valldllllon rules to " what·happens·when" Instructions for specific events te.g., a mouse·cllck). Themands and con trol statements whose be­
screen shows the properties assigned to the See Product Details button. The On Ciiek option of the Properties havior may be less th an obvi us. you 
window Um actions that can take place when the user cllcka on the button. In this case, the mouse-cllck triggers

wrestI with long li sts uf object propc11ies 
an event procedure (a block of code) . Clicking on the ellipsis next to the Event Procedure label brings up the 

whos m <ming: may he ·ven less obvious. 
snippet of code to be executed. 

An o~iecr is any item in th' . ystem that 
you can manipulate as a unit. Object. in the patien e of anyon used to th kind of optimization technology pur ·frns'd with 
Access includ tlata tables. report. . :creen blazi ng sp''d you get with D S-bascd th e Foxpro acqui si1i on may serious l y 
form . . and contro ls . uch as input field. databas .. Th •r were also som · fcatu r s cramp your coffee hn:aks. 
and buttons. A properry is a chara ·1eristic fa finished da tabase application that 
of an obj I und can ran •e from input should have be n easier to implement. Space for Your Stuff 
masks to va litlation ru les to " what-hap­ Then w fea tu res in this ver. ion arc ex­ A full installation of the new version re ­
pens-when" insU11ctiuns for specific cvent.s tcnsiv . Be. id 'S the addi ti ons overed in quire. 22.4 MB 01· disk space. ftcr in ­
(e.g.. a mouse-di k). The prop ' rties avail ­ "A Few New Featur s in Access 2.0'' on cluding th space needed for Windows 
able to the user r r some objects can be pag 160 three other new feawrcs deserve swap fi le. and such. l squandered 2 hours 
alan11i ngly long. till , object orien tati on notice. The firs t is th program's more on a . earch-and-compress mission to get 
can be u h a superior way of organizi ng omprehen. ive set of wizards. 11 i: the lhe 30 MB l ullimat ly needed. 
desirable programmed behaviors that it is function of a wizard to answer the ques­ pace requirement. are compoundcd 
well wonh the effo11 to push yourself up tion. " What on earth do 1do wi th all these for advanced 1.x users who have li ve ap­
and ver the required learning urve. pr perties? ' These programmed helpers pl i ation. . hange and additions in the 

Access al o takes the Window. inter­ can make a big difference in lh case and new version make it prudent to keep the 
face abolll as far as it can go: OLE 2.0 speed with which you set up the pieces old version ali c until your applications 
right-cUck menus, hover help. cue cards. (i .e., object5) in an application. prove themselves ready for 2.0. Even more 
and a host of wizards. And you can copy The next feature of note is the Solutions prudent (don' t say 1 didn ' t warn you ) 
and paste objects (e.g., an entire tabl e) as databa. e. Thi s bundled sample is a fin ­ would be to read any readme fi les on Disk 
easi ly as you can manipulate highlighted ished application as weU a~ a . torehous of I before you install the new version. Tables 
rows and column. . how-to information including code sam­ created under previou ver ion will au­

ples, that help you climb the learni ng tomatica ll y convert to 2.0 format when 
New and Improved curve. I wish the Solution database had you open the MDB file, but all other major 
The previou version of Access was an ac­ been available when 1 wa strnggling with objects must be opened and aved. This 
compli hed data manager. but it cou ld try version I . Fi nally, the Ru ·hmore query- can be ted ious for a complex application. 

co111i1111ed 
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- Microsoft Access 
file fdlt Y:lew Belatlonshlps Window Help 

-

Access 2.0's new Relations Window makes it easy to define and edit relationships between tables. Notice that 
primary and foreign keys are easily visible. When defining relationships, you can specify whether to enforce 
referential Integrity and whether to allow cascading updates or deletes. 

A Sample Application 
To gel a feel for the new version, I created 
a project-oriented marketing database that 
might be usc<l by any pr fcssional s rvi es 
firm, su ha. archi t els, ·ngine rs, or data­
prrn.:e. . ing consu ltants. Many larg pro­
fessional firms mu. t conli nually produce 
mark ling aid . . proposal., and govcrn­
m nt forms that pre.~ent the firm' . exp 'ri ­
enc in a variety of ways, including crnss­
tabul 1tcd r sum . for staff members.• in(;c 
proposals ar • of'l 'n custom-tailored to fit 
th job being sou •ht, updating and ollat­
ing thi s information can b tccl iou!.. I set 
out to reat th basic table structure, input 
forms. and two reports: one for project in­
f rmation and another f r a staff resum ~. 

The initial design for the . ystcm re­
quired 13 tabl s, orga ni zed around a Ii. t 
of Pr ~cct . Two categories of tables were 
needed. The first would include resource 
table , such as li st. of employees. regular 
consu ltant. used by the firm, ·'approved" 
cod lists, and . o on. The second category 
of tables would detine the intermediate re­
lationships between the individual projects 
and the re ource I ists. 

You can reate table manually r with 
a wizard. J di scovered that rhe new Table 
wizard is mo ·t efficient if you' e already 
created tho e table that the wizard can­
not. Jn my sample application, these would 
be the intermediate tables, which would 
con i t of only two field . . both being pri­
mary keys of other tables. For example, 
the Ii t f employee · who had produced 
particular projects would be defi ned in a 
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table called Project Team. l created thi 
table manually with two field ProjectlD 
and EmployeelD, which together would 
create unique key. . r ating the ompound 
key wa, easy; 1ju:t highlighted bolh field. 
and clicked the Key icon on the too l bar. 

As you work with a ·h table Ii Id. a list 
uf applicable prop rties ( .g., forma11ing 
and va lidation rul s appear. below it. An 
imponanl asp ct of designing a tabl is ll 
Ii na Iizc. as much as p< ssiblc. th propcn ics 
for each fie I I be!" )re rcati ng queries and 
form . .• ince the properties you in ·Jude in 
the tabled ·sign arc inh rited by the que­
ries, form. , and reports based on th •m, 
this can . nve time. Although you can over­
ride these prop rti es in oth-

About the Productr object , it is m re effi ­
ci nt Lo pecify whai yo u A.ccaea 2 .0 .........$495 

wam at the table level. Microsoft Corp. 

1 Microsoft Way 
Redmond. WA 98052 

To define the Project ta­
bl and resource list., I u. ed 

(206) 882·8080th Table wizard. Thi. func­ fax: (206) 936-7329 
tion work. be ta. a library Circle 1075 on Inquiry Card. 

of predefined table . The 
Table wizard ships with 
over 50 ample tables . A library of tables 
help. enforce field-naming convention 
from one development project to another, 
o macros an I module developed in one 

project are more ea il y u able in a new 
mie. You can customi ze the default table 
list with your own; I recommend this, as 
some of the default field are too generic . 

The Table wizard al. o help · you define 
relationship between table ·. You can 
choose an exL ting table, and Access will 

create the relationship to the new table, 
even adding a linking fie ld if nece ary. 

You can define and edit relation hips 
with the new graphical Relationship win­
dow using point, drag, and click opera­
tions. When defining relation hips , you 
. pecify whether to enforce referential in­
tegrity (preventing the entry of nonexis­
tent foreign keys) and whether to allow 
cascading update or delete (w here a 
change to the "one" ' of a one-to-many re­
lationship al o changes the ··many"). One 
warning: The window ca.n show either all 
relation hip or on ly direct ones. Twa ted 
an hour trying to change the original Cu. ­
tomerrD field type, a modification the ys­
rem refu ed to allow becau e the Customer 
table wa. '' involved in one or more rela­
tion hip.." I wa. beginning to believe that 
the relationship was a bit too clande ti ne 
until I realized that I wasn"t displaying 
"all '" relationships. 

Creating Fonns 
The heart of any databa, e app lication is 
its interface, defined by it screen fom1s. 
Using the Fonns wizard, it i fairly simple 
to et up basic fom1s from the four avail­
ab l types- in g le olumn. Tabular. 

raph, and Main/ ubf rm- and in one of 
liv styles . Also, a new Auto orm r rm 
type creat s bc. t-gue ' . forms based on th' 
tahl' or query se lected. In addition to datn­
edi ting forms, you can build forms that 
use Access's ri h macro capabi liti 'Stoor­
g<1 nizc your appli ·ati on and cont'rol r ro­
cc. sing. climinatin 1 mu h of the coding 
thi s nomially requires. 

My Marketing databa. makes heavy 
use of subforms within the main projec1 
form . These hand le the data for project 

onsu ltan ts, teams- any­
thing wi th a one-to-many 
rdalion hip. Data entry for 
ubfon11s generally depend. 

on fir t ntering a va lid 1D 
from a related res urce list 
(e.g., to enter a Project Team 
member, you enter a valid 
EmploycelD fr m the Em­
ployees tab le). Thi means 

that the , ubform will typically use either a 
list or combo box for data entry of the key 
fie ld. Unfortunately. the Forms wizard 
doe, not et this up for you; rhere is a Con­
trol wizard for these types of controls. U. ­
ing it, you can quickly set up one of these 
for your key field, but you wi ll have to 
delete the oriJinal field. add the new con­
trol, and then make sure ro edit the Tab 
Order to restore the original fie ld . equence. 

Before a new member can be added to a 



the auto matic 

"You asked for apowerful and affordable 
tool to develop client/server applications. That's 
why Ideveloped System Architect 3.0.'' ~~~~~~~~~0~~S. IN 
Devdopers and project team looking 
for a CASE-based tool for diem/ 
server application development will find 
che answer in System Architect"' 3.0. 
This latest version of che CASE 
price/performance leader includes 
the fearures of expensive cools for a 
fraction of the cost. 

System Architect 3.0. 
SA 3.0 simplifies d1e development of 
cliendserver applications by support­
ing multiple methodologies including 
Information Engineering, Gane & 
Sarson, Yourdon !DEF OOA&D 
SSADM TV, Shlaer/Mellor, and 
Ward & Mellor. Ir also fearures an 
integrated data repository you can 

customize. And it runs under MS 
Windows®or IBM 's OS/2 PM.® 

Flexibility And 
Functionality. Choose Your Development sharing me SA Reposirory by locking diagram 

Th , ideal combination of flexibiliry and func­ and dara dictionary records.Environment. 
::::=rD ti~naliry has made A d1e Lmdisputed SA/PowcrBuilder Link: Allows the 

Network Security: Allows Project Managers 

:=:=:IJ.l pnce/performancc leader. As the needs co uniquely identify and dassify personnel with
exchange of design information between A 

~:~m'T. ofdevelopers have d1anged, so has me appropriate levels ofauthorization.
and PowerBuildcr for rhl: development of 

WI DOWS. scope of 'A's features and options: Acci!.ll' Comml Allows ream members ro 
more robu t clicnc/ crver applica tions. 

generation of • Sys1err1 Architm 3.0 t·oversxour deve/.opmm~ liftcycle 
wuh a complete range oj ftt1111res ond optwm. ARCHITECTE.HIdeliverables 

with desk­ Popkin Software & ysrcms, Inc.,Put Your Project Team In 
rop publish­ l l Park Place, ew York, NY 10007A Class Of Its Own.ing quali ry 

from SA System Architect 3.0 makes your project team England 44-926-88 11 86; Benelux 31-3406-65530; 


Encyclopedia. more productive wich a range of capabilities Germany 49-61S1-82077; Italy39-49-8700366; 


• Paim CUI including: Swi12Crland 41-61-6922666; Denmark 45-45-823200; 
screens fro1n Network Vmion: Allows multiple team mem­ Ausrralia 61-02-346499; Sweden 46-8-626-8100;
data in 

repository. beis co work concurrently on a project while Elsewhere 1-212-57 l-34.34 


SA men Painter: Allows repo irory­
based development of UI s rcens and menus 
or chara ter-based screens. 

SA Object-Oriented Vmion: upports 
Bouch '91 and oad/Yourdon. 

SA Reverre Daill Engineer: Reverse engi­
ne rs QL databases, including L erver, 
SYBA E, 082, lnformix, and racle. 

SA Schema Generator: Generates DDL 
and SQL criggers from entity models for 
Oracle, [nformix, lngres, PROGRES , 
Paradox, dBASE UI, DB2, QL erver, 
YBASE, and ocher SQL and 4GL databases. 

SA Project Documentation Facility: 

dlcck-out, hc.'Ck-in, or frcczc encydopc.'C!ia
AISQL Windows Link: Works with 

upra' , QL Windows. 

SA REPOSITORY 

'fOUIRfMWS 

objccrs with defim.-d authorization. 
Vnrion Contml Allows projccc encyclope­

dias, and d1eir rdaccd files, to be saved and scored 
wich appropriate vcrsion-idenrifying data. 
(Available in version 3. 1) 

Call Us Today At 
800-REAL-CASE, X138. 

To find our how ro qualify for your free 
0-day evaluation copy, call us mday, or fax 

u at 2l2-57I-3436. 

SYSTEMm. 

0 I ??~ ropkiu Sc1ftwnc & Sf.SCC:m~. In c, The: Syuc:m AH:huc:ct \QgO 1i a 1udcm:ark of Popkin Sof1w:u e & Syau:mi, Inc.. All 0 1hcr ln:uid and product n1met :m~ m1dcm:ulu or rcgi.u errd uaclc:m.ult uf 1hw tCJ.p<1.tive hulJu~. 
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IaJ1 falii\J Access 2.0: The Best of Both Worlds? 


AFew New Features in Access 2.0 

Graplical relationships Visually design the database and define table ~s 

Peint and dick fnllll aist of C0111111011 expression elealelts to quiaJy buld complex upressioas 

Autoform/AutORepert Generate fonns and reports automaticaly based oa atable or query 

OLE automation Build acustom eMollleat llitll Access objects and with objects exposed by other compUrt 

appications 

Cascading updates ~ llllimited letels of cascading updates and deletes to maintain consistency and iltegity 
and deletes of data at the table and ql!erJ lewel 

Input masks Apply input masks to automaticaly add furmattilg or insert special characters into each field or 
record. 

New SQL featins Pass SQL statements cfnctly to ODBC databases and create llnioa queries "and queries that cre­
ate, chaiige, or delete objects ii attached SQL tables. 

Project Team, the per on mu t already ex­
ist in the Employee Li t. Most well-de­
igned databa e. let the u. er add a new 

record on the lly when the sy tern detects 
a nonexistent foreign key. I wa urpri. ed 
Lo find that this is not possible in Acee. s 
wi thout some programming. Forrunarely, 
th' lutions database includes a d tai led 
ex1 lamttion of how to do this (i ncluding 
sampl cod that you can copy). 

Printing r rms i. only sa tisfactory. es­
p cia lly if you optimize the screen read­
abi li ty with specitic color . chemcs. When 
ins1alling u new appli cati on. you' ll ol'l cn 
ne d a data verilica1i n rep rt that rnimi ·s 
the input screen, especiall y for comple 

table . . Although you can drop a fonn into 
a new report de ign, the result may be le s 
than readable without further work. 

Queries and Reports 
Acee · ha a healthy et of querying tools, 
including a new Query wizard that aicl in 
creating some of the mor complex 1yp •s 
or queries, such as ros. -tab qu ri ·s and 
qu ri cs 1 find n nmatching records in a 
sc cmd tab! . inc mo. 1 f rms and re­
ports arc based nn qu rics, 1his is an im­
portant feature. n • major drawba ·k of 
1hc pr·vious version was the inabi li1y to 
export the results fa qu ry Lo other data 
formats . V rsion 2.0 corrects th i.. 

Acces 's reporting feature are imilar to 
the proce · of creating forms, both in con­
cept and application-from using the Re­
port wizards to the abiljty to drag an ex­
isting report from the repot1 Ii Land drop it 
into a report definition a a subreport. 

Worthy Effort 
Powerful? Certainly. Easy to use? Well. ... 
The experience required to take fu ll advan­
tage of this powerful program depends not 
on the program's design but on the de­
mand of complex data-processing y ­
terns. Acee cannot design your database 
for you. Nor can it greatly reduce the tweak­
ing needed for a maturing application as 
users begin to ca ll for variation on the 
processing theme they ee. 

For professional developers, the range of 
object propenies avai lable means the end 
of a great deal of coding. For the average 
user, Access hortens the time that needs to 
be . pent etting up a productive database 
and reduces some of the experience need­
ed. But Acee. s does not fill the niche for 
flat-file managers at the low end. For any­
one wirb major data management needs 
who ha the time or resource to imple­
ment it. thi s program can pay hack the in­
vc. 1111 111 hands mely. • 

Ji111 11r/.1· Is 11 co11 11/111111 andfrt' e/1111cl' ll'rirer /11 
Ml'm/lhis, Temwssel'. He hos over 14 years ' exper­
/l.' 11ce in sysrem de~·ign a11d user rro/11i11g. Hf! pm­
vide.1· rn.1·10111 so/M are. rmi11i11g, 1111d rechnira/ as· 
si.1·1m1ce 1t1 corJJorme c/ie111s. pri11111ri/\' i11 1 /111.\'I ' 
lt111g11age..mch as Clipper. Ya11 can rnwh him 011 
rile /11rn11er ar [)IX tll ediror.1· bir.c11111. 

• Gives you complete protection against unauthorized access and duplication 
or your software. 

• Aprocessor based parallel plug, with integral nDESencryption. ( 
• Includes a 120-byte field of programmable non-volatile memory. 

Also available: ' 
CodeSafe: plugless HD installation ClockPlug: for time-limited use of software. 

MemoPlug: amemory plug for PC's. NECPlug: for )apanese NEC systems. 

LANPlug: for Networks. U-Plug: a processor-based serial plug for UNIX systems. 


Head office: Czech Republic PC Kompas Tel: 32 (2) 423874 
5 Haganim St. P.0.8. 9195 France CT.I Tel: 33 (1) 47 381617 
Haifa 31091 , ISRAEL Holland Infor' Base Tel: 31 (03402) 54747
Tel: 972-4-516 111 Fax: 972-4-528 613 Italy DIGlsoft Tel: 39 (02) 6464 557 

Japan PT5 Tel: 81 (03) 3226 3840 
U.S.A : Poland Soft Tel: 48(22) 100081 (306,326) 

4005 Wedgemere Dr. South Africa LionSoft Tel: 27 (011) 887 8256 

Tampa, FL 33610 Spain Economic Data Tel: 34 (1) 442 28 00 EliaShim /

Tel: 1-813-744 5177 Fax: 1-813-744 5197 U.K. User Friendly Tel: 44 (0527) 510105 
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For free product information, mail your completed card 
today. or quicker response, fax to 1-413-63 -4 43! 

Fill out this coupon carefully. Please Print. 
. For FREE 

product Name 

information 
Companyfrom individual 
Addressadvertisers, 
City S1a1e Zipcircle the 
Phone Faiccorresponding 
Inquiry Number 61' ·24~inquiry numbers 
60 61 62 63 64 65 66 07 68 69 70 71 72 73 74 75 76 
77 78 79 60 61 82 63 fld 85 BB 87 68 89 90 91 92 93on Your Direct 94 95 96 97 !ffl 99 100 101 102 103 104 105 106 107 108 109 I ID 

111 112 113 114 115 1!6 117 118 119 120 121 122 123 124 125 126 127 
128 129 130 131 132 133 134 135 130 137 138 139 140 141 142 143 144 
145 146 147 148 149 150 151 152 153 154 155 156 157 158 159 160 161 
162 163 164 165 166 167 168 169 170 171 172 173 17A 175 176 177 178 
179 18() 181 182 183 184 185 186 187 188 189 190 191 192 193 194 195 
196 197 198 199 200 201 202 203 204 205 206 207 208 209 210 211 212 
213 214 215 216 211 218 219 220 221 m 223 224 225 226 221 228 229 

Link Card! 

2. Print Your 2'30 231 232 233 234 235 236 237 238 239 240 241 242 243 244 245 246 

Name and Inquiry Numbers 43.1-£20 

434 435 436 437 438 439 440 44, 442 •143 444 445 446 447 448 449 450Address 451 452 453 4'>1 45.S •156 451 458 459 460 461 482 463 464 465 486 467 
Answer questions "A" 468 469 470 471 472 473 47'1 •175 476 477 478 479 480 481 4112 463 484 

•185 ·186 487 488 489 490 491 492 493 494 495 496 497 ·198 499 500 501
through "E" and mail 502 503 504 505 500 507 508 509 510 511 512 513 514 515 516 517 518 

519 520 521 522 523 524 5?5 526 527 528 529 530 531 532 533 534 535or fax card to 536 537 5J8 539 5'10 541 542 543 54•1 545 546 547 548 5'19 5!i0 551 552 
553 554 555 556 557 558 559 560 561 562 563 ~ 565 566 567 588 569 
570 57 t 572 573 574 575 576 577 578 579 500 58 t 682 583 584 585 586 
587 588 589 590 591 592 593 594 595 596 597 598 599 tiOO 601 602 603 
(j().1 605 006 607 606 009 610 611 612 613 614 815 616 817 618 619 620 

1-413-637-4343. 

tnq111ry Num r 80 913. Product 
606 809 810 811 812 813 81'1 815 816 817 818 8 9 820 1121 82?. 1123 1124 
825 826 827 828 829 830 83 I 832 833 63'1 835 836 837 838 839 840 84 tinformation will 
842 843 844 845 846 847 848 849 850 65 t 852 8~3 854 855 856 857 858 
859 860 66 1 862 863 864 885 886 867 868 869 670 871 672 873 874 675be rushed to 876 877 878 879 880 881 8112 883 884 885 880 887 688 889 690 691 892 
893 894 895 89& 897 696 699 900 90 I 902 OJ D04 005 906 907 908 909 
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9?7 928 929 930 931 932 933 934 935 936 937 938 939 940 941 042 943 
944 945 946 947 948 949 950 951 952 953 954 955 95b 957 958 959 960 
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9 I 962 963 964 1165 966 967 968 969 970 971 972 973 974 975 976 9n 
978 79 980 98 t 982 9B3 984 985 9116 987 988 989 990 99 t 992 993 994companies! 
nqulry Num I 11 ()-13•1 

1100 1161 1162 1183 1164 1165 1166 1167 1168 1169 11711 1171 1172 1173 1174 
1175 1176 1177 1178 1179 1180 1181 1162 1183 llSA 1165 1186 1187 1188 1189 
1190 1191 1192 1193 1194 119) 1196 1197 11!18 1199 1200 1201 1202 1203 1204 
1205 12()6 1207 1208 1209 1210 1211 1212 1213 121• 1215 1216 1217 1218 1219 
1220 1221 1222 1223 122~ 1:?25 1226 1227 1228 1229 1230 1231 1232 1233 1234 
1235 I~ 1237 1238 1239 1240 1241 1242 1243 1244 1245 1246 1247 1248 1249 
1250 1251 1252 1253 1254 125.5 1256 125; 1258 1259 1260 1261 1262 1263 1264 
1265 1266 1267 1268 1269 1270 1271 1212 1213 121• 1275 1276 1m 1276 1279 
1280 1281 1282 1283 1284 1265 1286 1287 1288 121!9 1290 1291 1292 1293 1294 
1295 1296 1297 1298 1299 1300 1301 100? 1303 13().1 1305 1306 1307 1308 1309 
1310 1311 1Jn 1313 1314 1315 1316 1317 1318 1319 1320 1321 1322 1323 1324 

A. What is your primary job D. Whal operating systems aN! you 
flmctlon/pnnclp31 aN!a of currently using? (Check all lha1 apply) 
responsibility? (Check ono) 12 :l P(;•MS·OOS IS .J vn.• 
1 ::J MIS/DIP 13 J DOS· Wff'Ol:NIS 16 J Ml<OS 
2 J Prog1ammer!Sysrems A"l&lysT 14 J OS':! 17J VAXN~ 
3 .J Adrntll•Slfluon/Management E. For how many people do you 

.: .J Sales.'Milr'-e:1ng influence the purchase or hardware 

5 .J Engmee-•:Soen~t or software? 
6 J •Jtli~r 18 .J 1.25 2(1..J 51 92 
B. What Is your level of management 19 j ~50 21 u 100 & mo•e 

responsibility? 

7 ,..J SooKinevel 9 .J ?rotesS10nal 

a J M«fir.Hevc.1 


C. Are you a reseller (VAR, VAD, 

Dealer. Consultant)? 

111 .J Vet II J No Seprember 1994 1919698 1 

Inquiry Num rs 247-413 Card Valid until November 30, I994 

247 2411 249 250 251 252 253 254 255 256 257 258 259 26() 261 262 263 
264 265 266 267 268 269 270 271 272 273 274 275 276 277 278 279 280 
281 282 283 284 285 286 287 288 289 290 291 292 293 294 295 296 297 
298 299 300 301 302 303 304 305 306 307 308 309 310 311 312 313 314 
315 316 317 318 319 320 321 322 323 324 325 326 327 328 329 330 331 
332 333 334 335 336 337 338 339 340 341 342 343 344 345 346 347 348 
349 350 351 352 353 354 355 356 357 358 359 360 361 362 363 364 365 
366 367 368 369 370 371 372 373 3;4 375 376 377 378 379 380 381 382 
383 384 385 388 387 388 389 390 391 392 393 394 395 396 397 398 399 
400 401 402 403 404 405 406 407 4-0B 409 410 411 412 413 414 415 416 
417 418 419 420 421 422 423 424 425 426 427 428 429 430 431 432 433 

Inquiry Numbers b21..jjl I 

~~~•mmm~•m~mmDa~m 
638 639 640 641 642 643 644 645 646 647 648 649 650 651 652 653 54 
655 656 657 658 659 660 I 662 663 664 !l65 666 667 668 669 070 071 
672 673 674 675 676 077 678 079 080 681 682 683 68.t 6115 686 687 688 
689 ij9Q 691 692 693 694 695 696 097 696 699 700 701 702 703 71).1 705 
706 707 708 709 710 711 712 713 714 715 716 717 718 719 7?0 721 72? 
723 72•1 725 726 727 728 729 730 731 732 733 7J.I 735 730 737 738 739 
740 7•1 742 743 744 745 74 1.17 7'18 749 750 751 152 753 1ri4 755 7~6 
757 758 769 760 761 762 763 76-1 76.5 786 767 768 769 770 ni 772 773 
774 775 776 777 776 779 780 781 762 783 784 785 786 787 788 789 790 
791 792 793 794 795 7'l6 797 798 799 800 60 I 80? 803 804 805 806 607 

tn ulry Num s 11 jg 

995 996 997 998 999 tCXXl 1001 IOOJ 1003 1004 1005 1006 1007 1006 IOO'J 
1010 1011 1012 1013 1014 IOIS 1016 1011 I018 t019 1020 1021 1022 1023 1024 
1005 1006 1()?7 1028 1029 1(00 1031 1032 1033 1034 10.15 1036 1031 1038 1039 
11>10 1041 1()12 1043 1044 1045 1048 1().\7 1048 1049 l(J'iO 1051 1052 1053 105'1 
1055 1056 1057 1058 1059 1000 1001 106l 1063 106>! 106$ 1066 1067 1008 1069 
1070 1071 107? 1073 1074 1075 !Olli ion 1078 1079 1000 1081 1002 1003 106<! 
1005 1086 1087 1088 1089 1090 1091 1002 1093 1094 1095 1000 1097 1098 1099 
1100 1101 1102 1103 1104 IHl!i 1106 1107 1108 1109 1110 1111 1112 11131114 
111~ 1116 1117 1118 1119 1120 1121 1122 1123 1124 1125 1126 11?7 1128 1129 
l!J) 1131 1132 1133 113'1 11J5 1136 1137 1138 1139 11.10 1141 1142 1143 1144 
1145 1146 1147 11.18 , 149 1150 1151 1152 115:1 1154 1155 1156 1157 1158 1159 

lnqurry Nu 'lb r 1ns- 1 89 

1325 1326 1327 1328 1329 Ill) 1331 1332 1333 1334 1335 1336 1337 1336 133'1 
1340 1341 1342 1343 13-W 1345 1346 1347 1348 1349 13!.0 1351 1352 1353 1354 
!JM 1356 1357 1358 1359 1360 1361 IJ62 1363 1364 1365 lll!i 1367 1368 1369 
1370 1371 1372 1373 1374 1375 1376 1377 1378 1379 1380 1381 1382 1383 13&1 
1385 1386 1387 1368 1389 1390 IJSI 1392 1393 1394 1395 13911 1397 13'.!8 1399 
1400 1401 1402 1403 141)4 1405 1406 1407 1408 1409 14!0 1411 1412 1413 1414 
1415 1416 IJl7 1418 1419 1420 1421 1422 1423 1424 1425 1426 1427 1428 1429 
1'1:!0 1431 1432 1433 1434 1435 1436 1437 1438 1439 14'1() IJ41 1442 1443 1444 
1445 1448 1447 14<18 1449 1450 1451 1.152 14.SJ 1454 1455 1456 1457 1458 1459 
1460 1461 1402 1463 1464 1465 1466 1467 14il8 1469 1470 1471 1472 1473 1474 
1475 t476 t4n 1478 1479 1480 1481 1482 1483 1484 1485 1486 1487 t488 1489 

Diagnostic Equ1pmenl 5J MOf1rtOrs Terminals 18 Database 29 S<J<:unty 41Product Cat gory 
Disks Opiocal Drives 7 Mull1modln/CD·ROM 19 Educauonal 0 Snarowarc 42 

Inform llon 
OlsKeneslDupl1ca1ors 8 Pnnters/Plottcrs 20 Ei1g1neer.f11¥Sc1em1hc 31 Software 011phca1ton 43Cucle lhe numbers below for 

add111ooal 1ntorma1ton on the Fa• Boards/Mech1nes 9 Progiammallle Hardware 21 E.ntertd1nmen1 32 Soreadsheers ·14 
p1oducts you're 1meres1ed 1n Graphres Tablets/M1cer Scanners.IOCR10ig1hze~ 22 Graµ111cs 33 Unix 45 

Pen lnpu1 10 Tape Dnves 23 Macru1osn 34 Ut1l11tes 46
h Mft (9 

Keyboards II UPS•Power Managemen1 24 Marl Order 35 Wmdov..•s 4?AccessoneSISupplres I 
LAN Hardware 12 Ma1hemairca1·s1a1tstlca1 36 Wom Processing 46Add·1n Boards 2 Sottwnre
Lap1ops & No1ebooks 13 Mrscellaneous Sotiware 37Bar Coding 3 Business 25 Gt1-Nmtl
Mall Order 14 On·Llne Service> 38Communrca11ons1Ne1WOrk1ng 4 CAD/CAM 26 BooksiPulllic.al<OflS 49 
Memory/Ch1psl\.Jpgrades 15 Operu11ng System• 39Compu1er Syslems 5 Communrcations/Net~orlong 27 Aecru1tment 50 
Miscellaneous Hardware 16 Programming LangUllgeSIDate Acqu1s1t1on 6 Data Acqu1s1tion 28 M1sce11aneoos 51 
Modems1Mult1plexors 17 Tools 40•I 



For free product information, mail your completed card 
today. For quicker response, fax to 1-413-637-4343! 
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See reverse side 
for card. 

1. ForFREE 
product 
information 
from 
individual 
advertisers, 
circle the 
corresponding 
inquiry 
numbers on 
Your Direct 
Link Card! 

2. Print Your 
Name and 
Address 
Answer questions "A• 
through "E" and mail 
or fax card to 
1·413-637·4343. 

3. Product 
information 
will be rushed 
to you from 
the selected 
companies! 
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SAVE UP TOYES! I want BYTE for: 
1 year for $24.95 
( 12 issues plus Bonus Supplement) 

2 years for $44.95 40°/o
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1I:m fMt1 Systems 

SparcStation Overhaul 

The new SparcStation 5 Is a competitive low-cost workstation. 
The SparcStation 20 presents a more complex picture. 

ERIC GARLAND 

I 
n March. Sun Microsys tems re­

vamped its line of SPARC proces ­
or- based Uni x: workstation . Two 

new serie are the multiprocessor-capable 
SparcStation 20 eries, a redesign of Lhe 
SparcStation l 0 series that it replace , and 
the SparcStation 5 series, low-priced work­
·tations based on Sun's new MicroSparc il 
processor. The new SparcStation 20 se­
rie includes model geared toward multi­
media and accelerated 2-D and 3-D graph ­
ics. Sun ha~ di.continued the SparcStation 
10 and lowered the price of its low-end 
model, the SparcClassic. Price now range 
from $2995 for a no- friU SparcClassic to 
29,995 or more for a four-processor mod­

el of the SparcStation 20. 
Tbe new SparcStations represent sig­

nifi cant . peed increases over previous 
model . but th workstation market is c m­
pcti ti vc. Hcwlctt-Packanl' s PA-RI 
and il icon Graphics' Mips-hased m­
put r. hav te ted fa. tcr than un 's ma­
hine, and are uuing in to un 's sa l s. of RAM, I MB ol'RA ca h . and a 20- for vid oconfcrencing. Th system I test­
till , un held nearly half th workstat i n inch 1280- by I 024 -pixcl olor monilor. ed had a 70-MHz Micro pare II processor. 

mark l last year, and many peo ple will All pare tali n 20 models ome with Higher- nd models ba. eel on an 85-MHz 
fi nd th new sy. tems of interest: There's a microphone and 16-bit audi . The 20M Mi ro pare 11 start at $9595 with 32 MB 
something LO he said for reli ability and a adds acce lerated ideo playback, vi I o of RAM. a 17-in h color monitor. an<l I 
large base of application . . Wi th the parc- capture and compression, a video earn ra, GB of hard dri ve storage. 

tation 20, you can also increase pcrf'or­ videoconfere ncing softwar . and Photo Both new pare ta ti ons come in th 
munc with multiple processors. rn thi s D support. The stand ard built -in net­ same wcll-designe<l case, and you can LUrn 

review I lo k at ne of un · · new high­ w rking combined with video and audio a Spare talion 5 into a pare talion -0 
end pare talion 20 models and the more fea ture makes the Spa re 'ta lion 20M with a s imple motherboard swap. The 
co t -effecti v pare tali< n 5. prime platform for desktop video onfer- pare tat ion 20 system board has four 32­

n ing. With the excepti n of th video­ bit Bu expan. ion slots (two were fr c 
New SparcStations conferencing soft ware, however, l11 pack­ in the te: t machine) and two 64-bit MBus 

un offer the SparcStation 20 with up to age doesn' t 1 rov icle ut ilitic or too l. to slots to hold SuperSparc proces. or cards. 
four 50-MHz or two 60-MHz SuperSparc take full advantage of l11e computer's mul ­ a h card can hold one or two processors. 
proces:or · ( ee the text box ''Dual Sup r­ timedia potential. U ·ing 64-MB SIMMs, you can put up to 
Sparc, "). The ba ·e ystem come with one The high-quali ty 20-inch monitor pro­ 5 12 MB of memory on the motherboard . 
proce sor, a 535-MB hard drive, a 17-inch vides a very table. readable image. A The Spare tation 5 motherboard provide 
olor monitor, and 32 MB of RAM for wirele rem te onu·ol makes it easy to three Bus ex pan ion slots and eight 

$12, 195. You get your choice of 8-bit 2-D/ make all creen adjustm nts while stay­ STMM slot , each of which can hold up to 
3-D wireframe graphic. or 24-bit acceler­ ing a omfortabl di stance from the mon­ 32 MB , for a maxi mum of 256 MB. 
ated graphic and imaging. I te ted a Sparc­ itor- very elegant. For either par Station, you open the 
Station 20M, a model geared toward mul ­ The Spare tation 5 base model was de- case by remov ing two screws from the 
timedia; it ha Lhe same components as igned to be inex pen ive. For the $3995 back, one of which is the grounding crew. 
oLher parcStation 20 models but adds base price, you get a 535-MB hard dri ve, a This spring- loaded , crew is held in place 
videoconferencing capabilities. The re­ 15- inch color monitor, and 16 MB of o that you can· t Jo. e it. When you attach 
view unit arrived with a ·ingle 50-MHz RAM. The $7745 SparcStation 5 I tested a locking cable to the case. it bl ock re­
chip. The 18,843 test configuration also came with 32 MB of RAM , a 17- inch moval f the other . crew, preventing ac­
included two 535-MB hard dri ves, 64 MB Sony monitor, and hardware and software cess to the inside of the machine. 

c1mtin11ed 
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Dual SuperSparcs 
Sun tests show that a second SuperSparc processor im­
proves performance by 20 percent to 40 percent for most 
existing Solaris 2.3 applications. Once available, programs 
tuned for multiple processors will do even better. Sun 
points out that you don't have to see a performance dou­
bl ing to justify a second processor: If the percentage perfor­
mance increase for your applications is more than the per­
centage price increase for the additional CPUs, you come 
out ahead. If you order your system with two processors on 
one CPU board, the 
additional cost for 
the second CPU Is 
around $1500, or 
12 percent, over the 
base model list cost. 
However, if you add 
it later, you'll pay a 
steep $4500, or 37 
percent, of the base 
price for a second 
processor board. 

Near the end of 
my review of the 
SparcStations, I re­
ceived and Installed 
In the SparcStatlon 
20M a second 50­
MHz processor 
board. Installation 
was simple because 
the systern recog­

nized and automatically worked with the new processor. 
Although I had no benchmarks ready to test multiprocess­
ing, I did test around the edges of its potential using 
BYTE's Unix benchmarks . These tests are not multi­
threaded, nor are they designed to benefit from multiple 
processors, yet the second CPU provided an overall per­
formance gain of around 12 percent. That fits with 
SPARC's higher estimates for more complex applications. 

The best performance gain with multiple CPUs comes 
.---------------------- -------....., when you 're running 

more than one ap­BYTE Unix Benchmarks plication. With two 
tests .running simul ­
taneously (with a 
script), performance 

SparcStation 20M didn't differ marked­(one processor) 
ly from when run­

SparcStabon 20M ning one test with(two processors) 
one CPU . As long as 

SparcStallon 20M 
(two processors, two tests 

runningslmultaneouslyJ i=====;;;;.;.-1 i.;=====~ 

Sp11rcStation 20M 

(ono processor) 


SparoStotlon 20M 

(two procossora) 


SporcStatron 20M 
(two plOCOSSOIS, two !OBIS 

running slmull neously) ..._ ______. ._________. 
0 

you run Solaris 2.x 
i=====;_-'o.e 	 (which as yet has 

half the applications 
base of Solaris 1.x), 
a dual-processor 
system can run a 
fairly heavy-duty 
application in con­
cert with other 
tasks with virtually 
no performance 
degradation. 

Wh n you . wing the 
handle up, it lever the 
dri ve out of it con­
neclor o you can sim­
pl y lift il out. Sun of­
fe rs e t rn a l C l 
dev ice. th at can ex­
pand the storage ca­
pacity of the computer 
to up to 138.6 GB fo r 
the SparcSt alion 20 
and 42 GB fo r the 

pare talion 5. 
Both parcStation 

came wit.h a full array 
of ports on the back 
panel, including port 
for I OB ase-T Ethernet 

About the Products 

S1111rcStat lon 20M ............. ......... .$~8,843 


{lest configuration with 64 MB of RAM , 

two 535-MB hard drives , 2CJ..lnch color 

monitor, and videoconferencing options) 


Span:Statlon ll ................................ $n 45 

(test configuration with 32 MB of RAM , 

535·MB hard drive, 17-lnch color monitor, 

and videoconferencing options) 


Sun Microsystems Computer Corp. 

2550 Garcia Ave. 

Mountain View, CA 94043 

(800) 821-4643 
(415) 960-1300 
fax: (415) 969·9131 
Circle 1077 on Inquiry Card. 

SPARC Perfonnance 
BYTE's ni x ben h­
marks provide a mea­
sure of un ' s CPU 
progress. The Arith ­
m ti c and Dhrystone 
re. ults fo r the Sparc­

tati on 20 with a In ­
gle proce or bowed 
th at the new sys tem 
had approKimately fi ve 
time the performance 
of the SparcScation I+. 
Fil e copy ·bowed a 
dramatic improvement, 
with a speed index of 
15; the improvement is 

somewhat due to beuer hard d1i ve perfor­
mance. but more so to caching. The xecl 
test acLually ran sl wcr on Lhc Spare tation 
20 than on Lhe original pare tali n, due to 
the overhead inherent in olaris 2.3. The 
Pipes test was the nly other te. t LO rely 
heavily on the operating system and thus 
·howed onl y minor improvement. 

PECint92 results from Sun show the 
20M le. t un it' 50-MHz uper pare pro­
cessor scoring like a 90-MHz Pentium. 
The SuperSparc's PE fp92 score is about 
35 percent fa. ter than the same Pentium. 
BYTE"s nati ve-performance benchmarks 
painted a dimmer performance picture, in ­
di ca ting th at the SparcStaLion 20 had 
roughly two-t.hird lhe integer perfonnanc 
and 50 percent better Ooating-poim per­
formance than a 66-MHz 486 . Keep in 
mind that the native-perforn1ance test are 
affected by the quality of the C compiler 
u ed for each platfonn. StilJ, the e numbers 
put the : ingle-processor SparcStation 20 
at a performance disadvantage relati ve 

The in ide is w II laid out, with room for 
two internal hard dri ves and two rernov­
abl -m di a dri ves. The hard dri ves are 
lev rl y mounled in plasLic caddi s Lhat 

make upgrading simple. The addy han­
dle, when down, locks Lhe d1i ve imo pla e. 

(AUi la!lachment unit inLerfa el opli n­
al) . 1-2, IBM/ nLroni c parall I 
adaplcr, se ri al (Lwo), audi o in and out, 
vid o inpul (two), -Vid o input, and key­
board . The optica l mouse plugs imo the 
ide or t.he keyboard, redu ing cable tangle. 
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Micro talion. 
CAD oftware for Window 

andWindows NT 
Open yourself t a world of d lgn po. ibili­
ll with MlcroStation CAD software. From 2D 

drafting to advanced 30 surface modeling, 
MicroStation Version 5 Is the ultimate design 
tool for lhe \Vindo1 nvlronment. And the 
most complete with photoreali tic rendering 
and animati(ln.All in one packaga! 

Join U1e 1rnmy designers who have made 
Uiemove to U1e CAD tool for U1 '90s. 

Call 00- 45-4 56 for a free demo 
disk and brochure on MicroStation. 

MicroStation 
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FRACTAL IMAGE COMPRESSION REDUCES 

WHALE-SIZED IMAGES To GuPPY·SIZED FILES. 


Imagine storing up to 100 high-qualil)' full screen 
images un a single floppy disk with t•nough room 
left over for the I rogram to display them. 

Fractal compress ion liles avcrag bd ween IOKB and 
32 KB and displa )' at bctrracuda pceds. These incred­
ibly small fllrs provide unmat heel space savings in 
whatever storage: media you may use. Using fractal 
co mpression, r-,.1icrosof1 Enrnrtn was reduced from 
four 'D-ROM disks lo on e. 

Whether i1 's stills or full 11101ion video, 
DOS or Windows, Iterated Systems' 
.OBJ and .IJLI. fitmily of toolkits will 
help you conserve your resources. 

6Iterated Systems, Inc. 
F OR A DDITIONAL INFORMATION : 

TEL: 800 437-2285 FAX: 404 840-0806 

BENCHMARK RESULTS 
The Unix tests show that Sun's current SPARC systems are several times faster than the SparcStation 
1+. The native performance tests indicate that they're hardly faster than a 66-MHz 486 system. 

BYTE UNIX BENCHMARK 

SPARCSTATION 5 SPARCSTATION 20M 

Arithmetic 5.9 8.3 
Dhrystone 5.2 4.6 
Execl 0.7 0.7 
File Copy 12.4 15.0 
Pipe 1.7 2.3 

All benchmarl( results are indexed relallve to the performance of a baseline machine. The Unix benchmarks are indexed to a Sun 
SparcStation 1+ running SunOS 4.1.3. The native-performance benchmarks are Indexed to a 66-MHz 486. For each individual test, 
the baseline machine's Index =1.0. 

to workstation s based on DEC~ Alpha. 
Mip." s RS -4400. and HP 's PA-RI 
chips. 

The SparcStation 5 did better than you 
would ex pect from the SPEC numbers for 
the MicroSparc II processor. The Sparc ­
Station 5 came out only 15 percent slower 
than the Span:Station 20 on the BYTE 
Unix benchmarks. in spite of the fact that 

the SPFCint for the MicroSparc 11 i. about 
25 percent ·lower than that for the Super­
Sparc . The SparcStation 5 even pulled 
ahead in the Dhrystonc portion of the Lest. 

Solaris 
SparcStations have a huge following of 
people who not only own the computers 
but know them inside and out. If you ' re 

BYTE NATIVE-PERFORMANCE BENCHMARKS 

SPARCSTATION 5 SPARCSTATION 20 

Integer index 0.67 0.72 

Floating-point index 1.07 1.49 


booted, found the attached CD-ROM 
drive. and created the files necessary to 
access it. lt ':, easy once you know how. 
but it"~ not nearly as convenient ~ on some 
other workstations r ve used, where you 
plwi in a SCSI device and tum on the com­
puter. and it automatically mounts. 

There arc al ·o two ignificantly different 
version s or Solaris. 1.x and 2.x . Solari . 

not among them, the Solaris 
operating system that runs on 
the Sun computer~ is complex, 
with a steep learning curvt:. Jt 
has many intricacic · that art:n 't 
tandard Unix. 

I was stumped, for exam ­
ple, when I tried 1.0 hook up an 
external Sun CD-ROM drive. 
The driver file for the CD­
ROM drive didn ' t exist. After 
much head-scratchin g and 
searching with help com ­
mands, I discovered that I had 
to shut down the computer 
and. while outside the operat­
ing system, do a BOOT · R com­
mand. The sy ·tern th e n re­

5550A PEACHTREE PARKWAY NORCROSS. GEORGIA 30092 

1.64 BYTE SEPTE!Vt H l'.R l'N~ Circle 159 on Inquiry Card (Resellers: 160). 



On-Line is not the Internet. 


All claim to offer Internet access, 


but in reality, your 


personal computer is 


not connected to the 


Internet at all. 


On-line services offer 


you a single, 


restricted user 


interface and limited 


applications. 


That is not the 


Internet. 


lnterRamp5M is the Internet. 


lnterRamp brings the worldwide Internet to 


your fingertips so you can tap into an 


unlimited number of resources like 


MOSAIC, Gopher, WAIS, Veronica, 


Archie, ftp, E-Mail, News and much, 


much, more! 

PSI 
Performonce Systems lnternotiondl, Inc. 
510 Hunlmdr Pork Drive 
Herndon, VA 22070 
Fax&ick Info: 1.800.FAX.PSl.l 
Internet E.M.il: interMmp-info@psi.com 


·Restrictions dpp/y. Cont•ct a PSI Sales Representdlive for detdils. 


Choose any TCP/IP application. 

lnterRamp offers you ful l TCP/IP access to 

the Internet which 

means you can run 

ANY application or 

user interface that uses 

TCP/IP to communi ­

cate-- public domain or 

commercial. 

Choose your 

connection method . 

Whether at home, the 

'JPSM office, or on the road, 
lnterRamp offers you 

two ways to connect-- V.32/V.32bis 

modem and a phone line at 14.4 Kbps, or 

ISDN card, NT-1 and BRI phone line at 

64 Kbps. 

Don 't miss this limited time offer. 

Subscribe to lnterRamp in 1994 and re­

ceive lifetime "Pioneer Preference" pricing* 

and state-of-the-art third party software of 

your choice. 

Call PSI Today 

1.800.psi.3031 


(703 .709.0300) 

mailto:interMmp-info@psi.com
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1.1.1 i. the most current of the former ver­
ion and st ill ships with many Sun ·y ·­

tern s along with the new version. 2.3. 
There are good reason. for this. One is the 
5000 or so application. written for the old 
Solari · that don ' t work with the new one. 
Another is familiarity. Jf you know the old 
Solaris, configuring the new one i painful 
because the operaring- y tern data struc­
tures are different The new kernel is also 
bigger than the old one. But 2.3 is a strong 

erver operating system. supports multipro­
cessor machines, and can now claim 2500 
application , including all the biggie . 

Open Windows, the Solaris windowing 
system, i · poorly linked to the rest of the 
syst m. With both SGI and HP work ta ­
tion. , you conveniemly boot up right into 
the windowing ·y ·tem. With olaris, you 
must boot up and log in through a full ­
screen text mode and then run Open Win­
dows on top of the text-mode se. sio n. 

INVEST IN JAPAN! 

But make sure to cover your investment with 

the best protection under the sun. 

protection syst •111 in theworld,with oh11ions 
for Japanese-standard computers, ll!M i'Cs and 
compatihl , Macintosh~. and Amig;L~. 

••l•llll 

The Professional 's Choice 

much li ke the DOS/Window, combina ­
tion. Wor e, when leaving OpenWindow , 
you aren't warned if you have unsaved 
change in some document-a fault com­
mon to other Unix systems. 

Solaris 's strong point are stabi lity and 
a large applications base. Compared to its 
competition, however, Solaris ha a long 
way to go a far as ease of use and inte­
grating its windowing environment are 
concerned. 

Solaris 2.4 should be out about the time 
you read this. According to Sun, 2.4 will 
provid easy-to-use graphical administra­
tion tools as well as a common environ­
ment for the 80x86-bascd Solaris and the 
Solari. that run on the SparcStation , bul 
it will provide little else in the way of ·ig­
ni fi cant features. 

Still King? 
Sun is Lill the king of Unix work.stations. 
Although SparcStations don ' t have the 
proce. sor peed of their competitors, don't 
count them out yer. Sun ha made consid­
erable advances in multiprocessor and 
threading technologies that will be the cor­
nerstone of the distributed system. of the 
future- although the company is still prov­
ing 1hci r us fulncss for today' s applica­
tions. If un has fo llen h hind in speed. 
fast r PAR 1ro •ssors arc ri)1,h t around 
the corner. 

The upcr p<ir 11 processor is sa m­
pling now and shou ld ship arly nc 1ye.i r . 
. un pc ls th I00-MHz Super par · II to 
b ' 85 per cn1 faster than a 50-MHz u­
per pare. although it still won't be the 
fa st st processor around. l lowevcr, Sun's 

lira pare may be. This is a ful 1-blown, 
64-hit hip that should be more than three 
times fast r than th 50-M Hz SupcrSparc. 
It should b avai lable in quanliLy by the 
sc ·ond quarter of 1995. 

onsidering it. r rice, the pare talion 5 
is a good, fa. l machin ' and deserves con­
sideration even for high-e nd use. The 
Spare t.::ltion _Q serie: provides more speed 
and expandability but it '· less competi ­
ti v when you look at ju t price and p1.;r­
formance. If you forgo olaris I .x appli ­
cations, then running multiple processors 
under olaris 2.3 can more than mak up 
for the performance shone< mings of the 

parcSt.ation _Q's CP . How much more 
depend. on your own particu lar mix of 
appli cations. • 

For a softw:u vendor, rcw market~ arc more 
attractive- and more clrn.llenging- tha11 j:1pan. 
The market is huge, the pront potential b 
enormous, hul ·oarc lhc costs of 1ra 1 l~latio11 , 
documentation, and local marketin11. 

And, ru; in any other market, pint ·y and 
unauthorized u. of your software can cut deeply 
into your rcvcnu '. In Japan, the problem is 
co111plicatcd by the facl lhat ordinary software 
prot ction d vices ciu1't be used on the non ­
standard parallel ports of mru1y Japm1esc PC ·. 

That's why Aladdin de1'Cloped th · HASP36,a 
sophisticated software protection system specially 
de. igned for the 36-pin parallel ports found on 
japiu1csc EC and Fujitsu PCs. 

Like tl1e 1,000,000 llASP keys aJread)' in u. all 
over tl1e world, HASP36 provid asecure, reliable 
and fu llytransparent solution for your protection 
net'Cls. A. olution tl1al will safeguard your 
investment, without has.51ing the legitimate user. 

Order your llASP evaluation kit today, and find 
out why I!ASP is th fastest growing software 

North Aladdin Software Security Inc 
America 11lC Empire SL11U lh1lldi11H 

~50 Fiflh A1~11uc, Sulit•7204 
N.v York, NY HI I t8, l SA 
Tel: (&lll) 2l3 277. 212-564 %7R 
fo: 21l·%4 ~m 

Intl Office 	 Aladdin KnowledgeSystems Ltd. 
15 llcll Oil'!! Si . T<lMi1•. lsr.iel 
l'.O.lkix 11141,TdArlv61110 
M 97n·5l7 57~5. Fax:972+m 57% 

United Aladdin Knowledge 
Kingdom Systems UK Ltd. 

Tel: 075.HU !Iii, Pax: 0753-622 26~ 
France 	 Aladdin France SA 

Tel: 14085 '1885. fa\ I 412 19056 

Contact our office nearest to you for 
details of your local HASP distributor. 

Eric Garland ( flancoc:k, Nii ) ltas bee11 11si11g and 
pmfi1w11111i11g co111p111ers./i>r 12 years. Ne is cur· 
re111/y e111/trallcd by Unix. You ·w1 rcarlt ltim 1111 

1/te /11 wme1 or BIX (// edi1ors@bix.rn111. 
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Power of Cooperation 

Linux, a truly robust Unix clone, has evolved out of 

the Internet-and it's freely available 

J. BRUCE DAWSON 

L inux i notju 1 another imple­
mentation of Uni x. It's a complete 
rewrite, with an interesting histo­

ry and some attractive fea tures, not the 
least of which is its price tag: It has none. 
Linux is free-at least free from the more 
traditional li cense re triction tha1 come 
with commerci al Unix. You can get it off 
the lntemet from a number of ·ites for just 
the cost of the file transfers, or even on 
CD-ROM for a nominal price. And it 
come · with the source code. 

In ·pite of its freely avai lable nature, 
Linux i not public domain. Some of the 
code is bound by the Free Software Foun­
dation 's General Public Li cense: You can 
copy and redi stribute the a. sociated oft­
ware so long as the ·ource are readily and 
free ly ava il abl e. Other parts of the cod 
have copyr ights l'rom ex tern al :.ourc s 
( .g., B 'D). bu t a ll thcs s urc s 
p rrnit free redi stribution. I> 71 \)... t 

Family Tree I anticipated a 101 of tinkering on my 
nlike co mm e rcial ers io n · of pa11 just tc g t the syst ·rn up and running, 

Unix , Linux was developed by a but ' very1h ing work ·d surprisingly well 
largi.: number of unrelated indi vidu­ right out of the box. or ours , things wer 
als localed all ov r the world (most not as w II int egrated as they wou ld b ' in 
of them arc on the Lnt ern 1 • on­ a comm rcial ni x. For instance, the doc­
tri bu tors in elud 1h e ori gina wr , umentati on didn ' t always match what was 
Linus T rva lds (who li ves in Fi n­ installed on 1he system. 
land) and th University of alifor­ ne of the problems Fintroni has had 
ni a a1 Berkeley (the orig in ator · of LO deal wi th is a res ult of Linux 's ra pid 
B D ni x). The comributor all have di f­ n (and sources) t use is no! an easy one. flu x: There have been new re lease every 
f ring inter ·ts, but they share a c mmon Wh n 1 first heard about Li nu x. I was few weeks. and tra king compatibility of 
goal: lo create a l'reely avai labl operat­ skepti al. Uni x i jus1 too omrl ex a sys­ the various omponent versil1 ns is time­
ing system and software that wi ll . erve 1he tem, I thought, for a few people to put to­ consuming and tedio u. al bes!. A full Li­
need. of power users. gether and give away. ni x vendors want nux implementation is actuall y composed 

A Uni x look-alike, Minix , wa. Li nu x·s us to believe that it took thousands of lab r of ·oflware from many different develop­
phy ica l ance. tor, with ni x an ob i u year to put together their systems. Li nu ment sites. Th re isn' t a sin gle point of 
pi ritu al ancestor. But don '1 fa ll into the seemed like a fa ntasy that couldn ' t possi­ di stribution. Just tracking the source sit es 

trap of viewing Linux a. commercial soft­ bl y be a ·eri ous ·oluti on. and juggling th e tile transfers can be a ha -
ware. Linux was developed in a somewhat s le. Fintroni mu t spend an enormou s 
anarchi ' ti c fa hion by indi vi dual work­ Turnkey Linux amount of time compiling and configur­
ing together to create a Uni x that wa free 1 ·implified lhe processes of installing and ing each system with all its peripherals. 
of the usual Unix licensing hass les: but config urin g Linu x by rev iewing it on a Fintroni c had confi gured the system 
the developers also wamed Lo do it "ri ght.," system built and config ured by Fintronic, with a ound board. speakers a CD-ROM 
rather than just for profit. ol a ll of the a mall co mpany th at pecializes in as­ drive, a 530-MB drive, a 4-mm DAT (dig­
work wa a coordinated effort, and as a . embling PC clone. for Li nu . The com­ ital audiotape) drive 16 MB of RAM, a 
result there are several different Linu x pany claimed lO have taken the best or the nice tactile-respon e keyboard, and a l 7­
. ources available, ome better th an oth ­ different implementati ons of Linux Lo build inch Viewsonic di splay. Knowing of some 
ers. The deci ion as to which Linux bina­ it y Lem . . prob]em with se1ial ports, J had ordered an 
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upgrade to include the J6550A UARTs 
(univer ·al asynchronous receiver/tran ·­
milters), and the system came with those 
already installed. The CPU was a 66-MHz 
486 with 256 KB of cache memory. When 
l powered it on, the sy Lem asked ifl want­
ed DOS or Linux. After about I 0 seconds, 

with.in the Berkeley directory scheme, 
whereas Linux has a slightly different di ­
rectory layout Fortunately, l had enough 
Un.i.x experience to guess where the files 
hould be. 

My fir t real problem was e · ·entially 
that there is no real documentation other 

FINTRONIC LINUX FEATURES 

Here are m of the olher feabns that Flntronlc conlgmes In b Unax systems; 

• DOS ••Ilea. Nal8 tUt tlds Is ... coa­
sldenld to be --test... 11111 prod11e­
t1oa~................... ... 
me(cwathellallldaem'tnm.._t. 

• DOS&e .,.....-.._U.Xls 
rllllllllr. ...........,••
.,..........................,...
.... .....,..............,....... 


• 	~ llllnuy ..x....s,mm 
fllllctlcm ... , ...... 

• Opllllllllll-' XVlew--a ...,_,Xfw.............. 

•CNiwl..._.............
................. 


it defaulted ttl Linux. Th operating system 
earn· up in under 2 minutes (not in luding 
th operating-system prompt/time-out)­
one of' the faster Unix b ots I' ve seen. 

I logg ·din , mad sure that mo ·t f the 
ni x commands I'm familiar with were 

avai lable, <md started th X Window ys­
t m (using s a r Lx ). Th re were n un ­
happy . urpris s- X ame right up. X had 
been configured to use f vwm <L5 U1c window 
manager. This wasn't a window manager 
I was familiar with , but it looked very 
much like Motir mwm. I could get ~tround 
without learning too many new interface 
c le ment s. l started an x te r·m window 
(which was nearly instantaneou. ) and mod­
ified the window manager's initiaJizati n 
and configuration file for my account. l 
resta rt ed the X erver from the pop-up 
menu . o era he . [twas time to connect 
the machine to the network. 

On the Network 
[n the process of learning about fv~1m , I 
discovered that most of the man pages were 
included with the system. Unfortunately, 
not all ni an ntrie were accurate as to 
where files Li ved and whi h other software 
components were on the system. For ex­
ample, the networking man pages a sumed 
that many of the networking files li ved 
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than th ma 11 pages and a small I oseleaf 
I ind r · introni 'ent that ont.a ins s me 
minimally ou t-of-date sy, tern administra ­
tion informati n. The Linux administra ­
tor i expe t d to g t do um ntation from 
conver ·aLion in th U ·encl ncwsgr up 
comp.os.linux. 

ga in , Fin tr nic had don all the hard 
work of configuring th network card and 
cstab li. hing basic network operation . All 
rhad to do was set up the IP addresses and 
host name .. Afl r on ­

About the Companyfi gu ring NF (Network 
File System), I was able 

Flntronlc USA, Inc. 
Lo mount remote di ks on 1360 Wiiiow Rd .. Suite 205 
the Linux . y. te rn and Menlo Park, CA 94025 

(415) 325-44 74 NF -mount Linux di sk 
Circle 1089 on Inquiry Card.on other sys tem s. FTP 

worked without a hitch, 

as did Telnet. Even the PC- F server 

would start up and run . I c uld rsh tooth ­

er systems, a. wet I a r log in. 


It appeared that the network was opera­
tional. Well , not quite: l didn ' t get the 
name erver properly configured, and I 
could not rs h or rl ogin into the Linux 
' Y tern until 1 had both the full qualified 
nam (including the domain of the host) 
and the host name for each remot system 
in /etc/ hosts.equi v- a detail that 
would not be obvious to a neophyte Unix 

administrator, e pecially without docu­
mentation. 

Linux isn t a base-bones Unix clone. 
There is plenty of meat. ln tlle process of 
getting all the facilities of Linux config­
ured, 1discovered that it has TCPD con­
figUJed into its i netd . conf file. This is a 
nice feature that allows you to control in­
coming TCP access to your host. lt was 
comforting to know that it was tl1ere. 

Most of the features that Jfound on my 
Fintronic system (see the text box "Fin­
tronic Linux Features") are widely avail­
able, but tl1ey ' re not necessarily all ava.il­
able from the same source. J ran BYTE s 
Unix Benchmarks on the Fintronic Linux 
system. The system (a 66-MHz 486 with 
16 MB of RAM and a 530-MB hard drive) 
perfonned exceptionally well. There was 
some degradation on disk-access speed 
and pipe-based context switching when 
the system was normally loaded with more 
than a single u er on it, but the unencum­
bered system perfonnance was equivalent 
to that of a far more expensive RISC work­
station. 

Sold on System 
On looking ba k al th start of thi s project , 
I find that l am now wearing th proverbial 
egg in my face. I'm not just favorably im ­
press cl with Fintroni c's Linux syst m; I 
pulled out my ·redil card and order cl a 
Fin tronic system for my p rsonal us . 

• ome warnings, though: Unle s you 
know <i lot or nix (and p rha1 s v n have 
been foll wing th Linux n wsgroup di s­
cussions on the Internet 's Usen t), yo u 
wi ll ne cl more do ume ntati on than is 
avai lable ev n if you obtain your Linux 
from a ompany such as Fintronic. As the 
"copy-left" rul es tate, the sourc code is 

readily wa il able, here 
and there if not on your 
system. But if you need 
basic documentation, the 
source code isn' t likely 
Lo help you much. 

Linux ha . become 
what the Internet corn ­

rnunity wanted: a robust , freely available 
environment Lhal ha a ll the fea tures f 
many commercial versions, but with the 
openness and cooperative spirit of tl1e ear­
ly day of Unix . It' anarchy at its be~L • 

J. Bruce Dawson fa· a cori.m/Jant workingfor Vir­
gin Software, Lid. (Manchester, NH). He lias been 
developing /ow-level Unix, VMS. and DOS app/i­
cmionsfor the last JO yPars. He ca11 be reached 011 

1he /111emet elf jbd@virgin.mv.com or 0 11 BIX clo 
"ediwrs. " 

mailto:jbd@virgin.mv.com
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Choosing the right tools today will 
determine the success of your future 
applications. When you choose the 
DataFlex application development tools 
and DBMS,you can count on delivering 
successful solutions that really work... 
every time. And, DataFlex is transport­
able:over 300,000 sites worldwide have 
chosen DataFlex on DOS, LANs,OS/2, 
Unix and AIX. 

DataFlex's power, flexibility,and 
concurrent multi-user transaction 
processing capabil ities allow you to 
focus on the business requirements of 
the application rather than the underly­
ing language capabilities and systems. 
When you choose DataFlex as your 
application development environment, 
you get the job done faster and better, in 
your choice al either procedural or 
object-oriented programming styles. 

Your appl ications can be installed 
across the widest range of environments 
in the industry,thanks to DataFlex's 
multi-plattorm capabilities.Changes 
that once required lengthy and costly 
programming time are no longer a 
problem thanks to DataFlex's reusable 
code and portability. A change of 
operating system no longer means a 
major rewrite. 

To benefit from faster development, 
easier maintenance,and better looking 
applications, choose DataFlex. 

Features and Benefits: 
• 	Flexibility for easy changes 
• 	Object-oriented capabilities produce 

reusable code lor increased 
productivity 

• 	 Easy migration across awide variety 
of operating systems increases 
the market value of your application 
development 

~ 	~ ~ :_:a1at4l4-- ---- - --­
Object-Oriented 4GL 


Application Development Environment 

DBMS 

DATA ACCESS 
CORPORA1 1 0N 

14000SW119Avenue 
Miami, Florida 33186 

305/238-0012 
1-800-451-FLEX for producl &dealer inlormalion 

For inlormationvia CompuServe: GO DACCESS 
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aguine, January 1994 ­
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Low-Cost Simulation 

Using a circuit simulator to test your designs can save 

both time and money 

DANY DION 

S ometimes a simulation can be 
better than the rea l thing. I de­
·ign and bui ld electronic con­

trol ystem for a vari ety of automa1jon 
ta ks, and there are Lime when I wouJd 
like to try out a circuit before building it. 
Electronics Workbench is a simulator that 
runs under DO or Windows or on the 
Macin tosh and provide breadboard and 
te t facilities for analog and digital cir­
cuitry . I looked at the Windows version 
of Electronics Workbench 3.0. 

Workbench i a medium - to low-end 
product, intended for electronics student. 
and de. igner . The package 
include both analog and 
digital schemati c capture 
programs, with simulation 
and te tino tools for each. 
Workbench is configured 
l ike some high-end si mula­
tors that cost $2000 or more 
(e.g.,, p 'Ctrum oft ware's 
Mi ro- /\P or r ad 's Ver­
i l'i ati on and imul ati on 
Tools) in that the digital and 

The results of applying the Bode plotter 
to the output of a standard RIAA 
!Recording Industry Association of 
America) equalization filter/preamplifier 
lthe kind you normally find between a 
magnetic phonograph cartridge and a 
stereo amplifier). The Input in this 
example Is a sine wave varying from 10 
Hz to 20 kHz. Aft.er It passes through 
the filter, the Bode plotter shows the 
attenuation curve. 
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pri c . I was im­ chann 1 type with a time base f 0. 10 
pr sse I by h w nan()s c md l 0.50 se oncls p r di vision. 
w II it worked. My Th Bode plouer produces a graph of a 
analog and digi tal ci rcuit' frequency response. When con­

analog p 11 i ns ar entirely scparat !'unc­
tions. T g ' t tru , mixed-mod simulat ion, 
you'd have to use a very ex p nsi c pack­
age l ike M i rn im 's D sign enter fo r 
Windows (ahnut 8000 to $ 16,000). 

Inside Workbench 
Th primary inter face to Workbench is a 
palette (or /Ji 11 ) of elc ·tronic part s (either 
analog or digital, depending on which sim­
ulator you load) and a selec tion f te t 
equipment. To c nstruct a circuit, you drag 
part. out of th bin (see the s reen) and 
place them in the work area. Each part ha. 
one or mor li ve connection points. Drag­
ging a line between any two points make · 
a wired connection; the wire them Ives 
are auto-routing. Double-clickfog on a pmt 
in your design brings up a dialog box that 
lets you change the part 's parameter. (e.g., 
resistance and capacitance). Once you have 
connected all the components and attached 
the ·ignal generators. multimetcrs, and o ­
cilloscope, you click on the on/ ff switch 
to tart the imulation. 

Considering Workbench's rea onable 

contr I syst ·ms regularl y includ . i nal 
ampli liers. filters. bridge ampliti rs with 
fc dback and current limiting, • tepper­
motor ontrols, and sund1y logic decoders. 
I cnte1 cl som of my working tlo.;si ' ns into 
W rkbo.;nch to s" how well the simula­
ti on compared to the real thing. The fac t 
that the analog and digita l simulations arc 
s para tc was a bi g prob l m, however; 
many real-world designs freely mix analog 
and digital circuitry. 

Workben ·h's transistor. won' t prop ~ r­

ly bi as be ause the simulator uses only 
ideal values. Real transistor don' t work 
exactl y like their descripti ons in a text­
book. 1 managed 10 gel my working cir­
uit Lo run on the simulator by changing 

some re. istor va lue · and rem ving some 
filter capacitors. 

Troubles in Analog land 
The function generator can produce ·ine, 
triangular, or quare wave · at any fre­
quency from I Hz to 999 MHz, w ith a duty 
cycle of from I percent to 99 percent. The 
analog simu lator' oscilloscope is a dual ­

nected l a circuit , th plot1er generates a 
range of frequency over a p ctrum sc­
i cted from 1.0 MHz to I0.0 GHz. The re­
sult is a screen plot that shows h w y ur 
ir uit I rf rms ov'r th entire frequen­

cy-range sweep. 
Workbench's op amps (op rational am­

plifiers) may not work the way you ex­
p ct, be ause Lhe simulation dri ve: them 
with standard voltage values ( 15 V D ) 
in. tead of the vo ltage ources you have 
elsewhere in your circuit. p amps behave 
differenLly d pending n their power- up­
ply voltage. 

Workbench tran. i tors don ' t have l im­
itati ons on vol tage r ·t11Tcnt. Jn Work­
bench, you an use a small signal Lransi ­
tor, like a 2 2222, as a power transistor 
and ink I 0 amperes at 120 V D with­
out causing an error. In real life, you 'd get 
a rather spectacular puff of moke. The 
frequen y generator provides your choice 
of quare, sine. or triangular wave output. 
but at onJy one frequency. Finally, some of 
the parameters use different measurements. 
AC vol tage ources have peak va lues, 
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whi le other component , like fu es and 
light bulbs. use mis (root mean square) 
values. You have to b careful to match 
these different voltage measurements. 

The analog simu lator comes with a Li­
brary of 37 ba. ic components, including 

voltmeter di play no more information 
than the simple LED probes that you can 
have any number of in youJ design. 

The logic converter is far and away the 
most interesting part of the simulator. It 
can look at your circuit and tell you the 

IN THE WORKS 

Good products just keep getting better. By Uae time you read Uais article, Interactive 
Image Technologies expects to have put the finishing touches on a new version of Work· 
bench (available in October). Acconfmg to Uae company, Uais new version will address many 

of the concerns our reviewer had with version 3.0: 

• Analog and digital simulators will be com· • There will be multiple input gates and a larg­
blned in one package, enabling mixed-mode er array of standard parts, such as count· 
simulation. ers, RAM, ROM, SSS timers, SCRs (silicon· 

controlled rectifiers) , and triacs.• Digital components will have propagation 
delays and other more realistic properties. • Op amps will have power-supply pins. 

• There will be a choice between m !transis­ • Clock generators will support multiple fre. 
tor-transistor logic) and CMOS parts. quencies. 

No price had been set when we went to press, but Interactive Image expects the price to 
be a bit higher than for version 3.0. 

connectors, voltage sources , current 
. ou rces, ground, and other components . 
Designing ci r uits with 1.he analog simu­
lat r an b diffi ·uh if' you don' t huve 
enough working knowledge of real-world 
compon -nts. You have lO hand-chec k 

very compon nt for prop r rati ng b >fore 
building a rea l ·ircuil from the d •sign. 

Digital Simulation 
The parts bin in the digit.HI simulator is 
filled with common logic design clements: 
I gic gat :. nip-tlc ps, a half adder, and a 
seven-s gmcnt display. As with the ana log 
simulator, you can select a regi n of a cir­
cuit and save it in your bin as a subcircui l. 

Th tools in Lhe dig ital . imul at ll' are 
different from che analog simulator s. ince 
the digital simulator has no provision for 
analog circuitry, an osci lloscope or Bode 
plotter would mak no sen ; inste·1d. you 
get a word generator, a logi anal yzer, a 
voltmeter and a logic converter. 

The word generator store a sequence 
of ixteen 8-bit w rds that an play back 
automati ca ll y (cycle) or one al a time 
(s tep), or play through once and stop 
(bu rst) . Workbench 's logic analyzer has 
eight input channel · and can be triggered 
by an external ignal, by the input channels 
U1cmselves, or by a user-selected pattern . 

Jnever did figure out whal. the voltmeter 
was good fo r_ Since aJI circuits in the dig­
itaJ simulator are driven by 5 V and run 
at logic 0 and I levels (0 and 5 V), the 
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truth table, convert a truth table to a Bool ­
ean expression. take a logic equation and 
simpli fy it, or bui ld a ci r uit from a truth 
tabl or a B olean expression. The I gic 
s implifi ca tion alg rithm is the uine­
McKlusk y meU1od, instca 1of the more 
familiar Karnaugh mapping. 

Th Quinc-McKlusk y method b gi ns 
by so1ting th terms ofn truth table accord ­
ing t the numb r of tru ' conditions they 
contain . Thes t rms arc ompare I to find 
those that differ by only one variable, and 
that variab le is climi ­
nated.1l1e pre ·ess i. re­
peated unti I n further 
elim ination is possible. 
The grouped terms lhat 
remain are considered 
prime implicants . The 
final step is the elimi ­
nation ofredundantex ­
pressions. ince thi 
method works with the 

About the Product 

Electronlca Workbench 3.0 ............ $299 
for Windows or rl1e Mac 
Interactive Image Technologies, Ltd. 
700 King St. W, Suite 815 
Toronto, Ontario, Canada M5V 2Y6 
(800) 263-5552 
(416) 361·0333 
fax : (416) 368-5799 
Circle 1076 on Inquiry Card. 

binary representation of express ions, the 
Boolean expre sion is automatic. 

The logic conve1ter would be most u. e­
fu l fo r ituation s where you want to re ­
place a portion of your design with a PAL 
(programmable array lo"iC chip). Once 
you test the circuit , you use the logic con­
verter to c nvert the fini hed circuit to a 
truth table for tJ1e PAL programmer. You' 11 
have to live within the limitations of the 
package, though, and restrict your PAL 
designs to eight inputs. 

Alas with its shortcoming. , the digital 
simulator is as restrictive as Lbe Logic con ­
verter is enabling: Logic gate · in the sim­
ulator are pe1fect and respond instanta ­
neou ly. Without propagation delays such 
as you'd find in real silicon, high-speed 
circuits won't respond correctly and feed ­
back loops are impossible. For instance, 
one popular way to create an inexpensive 
clock is to tie a number of logic inve1ters 
to themselve in a loop, with resistors and 
capacitor to control the speed. Without 
the analog/digital mix, you can't add the 
resistors or capacitors, and the simulator re­
ports that the feedback loop is stuck in a 
race condition. 

Pass Uae Breadboard 
Perhaps the bigge ·t shortcoming of the 
combined package,----{)ne that might stop 
me from trying to do real de ign work with 
either simulator- is that Workbench ha 
no import or export capabi lity. If you com­
plete a design and want to produce a print­
ed circuit board, you can ' t simply capture 
the final schematic and tran fer it to a print­
ed circuit board layout package. Anyone 
using a schematic capture program or sim­
ulator like Workbench i likely to be using 
printed cir uit board lay ut oftwar to 
pr duce board . 

Lt ' s a ' ure bet Lhat Intel won ' t be usin n 
this software for designing the succ ssor tc 
th · Pentium. I might be abl to use it for 
design ing simpl cir uits, but most or my 
work requires combining analog and di,_ 
ital circuitry. 

I an ea ·ily s c Workb nch as a product 
for hobbyists or electronics students. Per­

haps even mall com­
pa ni e. that ca n' t af­
fo rd mor expensive, 
professiona l- alibcr 
t o ls lik Orcad' 
Verification and im ­
ulation T ols or Spec­
trum 's Mi cro- AP 
wou ld find it useful. 
Whil U1e manual and 
the included sam ples 

don ' t auempt to explain electrnnic theory 
in depth, they provide enough informal.ion 
to get anyone new to electronic simula­
ti on started. • 

Dc111y Dion is tlte owner of Promecnn-Agma in 
Greenfield Park, Quebec, nnada. He ltas been de­
signing q11ality-cn111ro/ systems for more than 10 
year.1· and has been programming 011 microcom­
plller.1· since 1978. He c a11 be reached 0 11 Compu­
Serve ar 75240,524 or 011 the lntem et or BIX at 
ddiun @bix.com. 

http:digit.HI


An emulator on its own 

So SmarTerm includes 
the protocol stacks. 

S 

VMSor Dam 
' 

will get you
nowhere 
fast. 

marTcnn gives you everything you 

need to connt>ct your P · to UNO<, 

cncral hosrs. You just 

marTem1 ,ind go.' 

Ir's :i really radical idea, like selling 

:i car with wheels. So radical, in 

fact, SmarTerm is the onl y 
software that gives you the 

complerc connectivity, high 

performance, and case of use 

you ne :d, all in one. 

SmarTcrm produces all consist 

of the mo r precise rcrminal emulation available, plus free marTerm 

T P/IP and LAT stacks and NDI and ODI upport. (You wouldn't expect 

to pay extra for the wheels on your car, would you?) 

On top of this, marTerm's pioneering corporate support cools and uriliries 

make the software cost effective and quick to nm by automating common rasks. 

You can use your mouse in host applications record scripts, use drag-and-drop 

ITT and more - so much more than any other 

connectiviry package. 

Find out how to 'SmarTerm and go' with the complete host connectivity 

software. Call Pcrsoft now at 1-800-EMULATE (l-800-368-5283). 

All SmarTerm®for Windows 
products include: 

• SmarTerm T P/IP as a Windows , ockets DLL 
• Individual or centra li zed T P/lP management 

• Drag-and-drop FTP 
• Pop-up keyboards 

• U er-defina ble button pa lencs 
• True Multi pl Do umenr lnte rfa e 

onnecti ns direct ry 
• cri pt recorder 

• Simplified keyboard remapping 
• SmartMouseTMprogrammable mouse uppo rr 

u tomizable help ystem 
• On- creen roolbox 

SmarTerm products arc al o available for DOS. 

----------~

persa/f® 
Persoft, Inc., 465 ience Dri"e, P.O. llox 44953, Persoft Europe, Lower Woodend l\.1m. , Fawley, Henley-on-Thames, 

Madison, Wisconsin 53744-4953 USA. CONNECTIVITYSOLUTIONS Oxfordshire, RG9 6JF, England. 
Tel: (608) 273·6000 Fax: (608} 273-8227. COS • Windows • E!heir.et • Token Ring Tel: 0491 638090 Fax: 0491 6380 10 

Q 1994 PC'Tsoft, lnc. All rights ractved. Per soft andSm:uTrrm arc registered tr1dcmarks 3nd SmanMousc j~ au-.1dcmark or Pers.oft , Inc. AU other tr.admmks memiont'd :ire ptopmics oi 1heir re:s~li,· c comp;tnics. 
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IF THIS IS HOWYOU 


Now you gain virtually inslant 
access lO Dalapro·s product and tech­
nology services from your own PC, 
with Dalapro on CD~ROM. 

Menu-driven software makes it 
simple to browse through Lhe table of 
conlenls or search by keywords and 
subject lo get fasl answers to all your 
technology questions. And you can 
simultaneo1..1sly view multiple reports 
and cut and paste between applica­
tions to custom - tailor analyses. 
Available in both Windows and DOS. 



KEEP PACE WffH THE NEWEST 
INFORMA770N TECHNOLOGIES, 
YOU NEED PROFESSIONAL HELP 

PRESENTING THE FULL LINE OF 

DATAPRO INFORMATION SERVICES 


Dovmsizing. Wireless. Client-server com­
puting. Multimedia. ATM. Strategic plan ­
ning and sound business dec isions 
depend upon keeping up with the latest 
information technologies. 

But you probably need a supercom­
puter to sort through all the publications 
that end up on your desk. Sure, consul ­
tants can help, as long as you're willing to 
pay as you go. 

Isn't it time you turned to 
Datapro information services? 

For over two decades Dalapro 's 
unmatched information services have 
helped users, buyers. and managers of 
information le hnology plan effe tively. 
And Datapro ha be n ther every step or 
the way- from mainrrames , nd dumb 
terminals. through the PC revolution, to 
th ri e of int rnclw rk . 

T day, with it slafT I over 400 p ­
ci lists and m re than I oo expert ana ­
lysts . Dal pro ha th e resource to 
address virtually very riti al issu in 
computing and ommuni ati ns. 

An essential resource for anyone
who must evaluate, implement, 
or manage technology. 

Whether you want a qui k overv iew 
or are I oking to build a complete libra1y 
of r search mate1ials. Datapro's ompre­
hensive inforn1ation techn logy services 
ca n help you make decisions quickly. 
Charts, tables, nd graphs make it a snap 
to ompare product features, function , 
and prices. And once your system i up 
and running, Datapro is lhere to help you 
manage and maintain it. 

That's why IT professionals use Data ­
pro lo stay up to date. Sa les and market ­
ing professiona ls coun t on us to help· 
them track trends. And vendors tum to 
Datapro to size up the competition. 

Datapro's line of comprehensive
information services can meet all 
your needs. 

With Datapro·s complete line of infor ­
mation services, you're always in the 
know no matter what your concerns. 

Product and Technology Services 
First Looks. Keep tabs on major 

developments in information technology 

J 	 Available on CD· ROM 

until a complete repo1t is available. 
User Ralings. Get beyond the hype 

and find out which vendors can really 
deliver on their promises. 

Technology Concepts. Slay ahead of 
the game when it comes to vendor strate­
gies and other vital issues. 

Market Ove1views. Discover the mar­
ket's promising vendors and products. 

Comparison Columns. The effortless 
way to make side-by-side appraisals. 

Competitive OU/looks. Put products 
and underlying technology in perspective. 

Product Reports. An in-depth look at 
specs, features and functions, pricing, 
interoperabi lity, and other issues. 

M inag ment Reports Pra ti al 
atlvi fr m profcssi nal the I t kes the 
my ·tcry ou t or m naging informa tion 
Le hn I gy 
Business Services 

Datapm 11/inc. ·1 p into th ree nlin 
d tabas s fr m the oflice, at home, or 
vcn n th road. 

Reprints. A ost-cm ient way to deliv ­
r your produ t 111 ssage and verify pr d­

u l features an I bcnems. 
Feature Reports. Cu ll JU t wha t you 

ne d from Dalapro's de le ba of Infor­
mation ervi es nd put a sharp f ·u on 
stra tegi bu iness d cisions. 

t1storn Pt1hlisl1ing. Pa kage the I test 
pr duct infonnation in a conv ni nt , sin ­
gle source tailor d to keep s Jes person­
nel ne tep ahead of the c mp Lili n. 

Consulting Se1vices 
llelp Desi-. . A tclcphont: inquiry service 

to help you make the best use of' your 
Datapro information service. 

Assist on Demand. Pay only for the 

inrormation you need about a specific 
product, vendor, or technology. 

Swveys. Determine the strengths and 
l imitations of your products-and your 
competitors'-from actual users. 

On-Call Consulting. Fast answers to 
most inquiries within m i nutes-via 
phone, fax. or electronic mail. 

Educational Services 
On-Site Seminars. Custom-tailor a cur­

riculum in any aspect ofinformation tech ­
nology right where you do business. 

Computer-Based Train ing. Get a 
grounding in the fundamentals or master 
advanced topics right on your own PC. 

Teleconsulting. Let a confer nee call 
between students and instruct rs ad ­
dre Implement" lion i u .:; that - me 
up in later Lage of a project 

Intemalional Se1vices 
Dal 1pr J lntcmatwnal. ct up-Lo­

th -minute industry na lyse. and in ­
dcpth evaluation into th h nds of pr ­
re sion I whc1se r sponsibiliti extend 
beyond the U.S. 

Markel Research Services 
N( rthern B11siness l1 l}amwtion . A I ta­

pr uhsidiary, N rth m Bu ine s Infor ­
m ti n Is th world 's fi rcrno t strategic 
t lee m research c rnpany. 

Send for a free demo disk today. 

DATAPRO 

Datnpro USA, u-00 Ddriin Park wily Delran New 1crse) USA 

08075 . kl 800·.128 ·2776, fdX 6()'I 764 L81l 

Oatapro Internat ional, McC...rnw· Hlll House Shoppenhangcrs 
Road Mald<"11hcad , Berkshire. Fngland SLI> 2QL, If '•~ 
lei ·4 ·1 10) l>L~ 773277 l·DX ··14(())1)28 77J626 rtnlll 

r--------------------------------­
Please send me more information on the following Datapro services: 

Product & Tech ­ Business Services 
nology Services I Datapro Online 
[] Computer Systems Reprin ts and 
[' Communications Feature Reports 
[J Free Demo Disk J Custom Publishing 

Consulting services 
J Help Desk 

Assist On Demand 
[" Surveys 
[ On-Call Consulting 

Other Services 
Educational Services 

L 	Oatapro
International 
1'orthem Business 
Information 

I'm interested in learning more about Datapro on CO-ROM ) 

Name ........ ............................... .. .... .. .. .. .... .... .............. .....Ti11e ........... ..........•...... ...... .. .•...........••. .... ............. .• 

Organization ..........•............. ............................ .... .... .. ... .. Telephone .. ........ .. ................. ................... ..... ....... . 


Address .... .. ......... ...... .. ........... ....... .. .......................... ...... ..................... ... .. ......... .... .... ..... ......... .. .................. . 




HANDS-ON TESTING 


I 

I 

Today's mainstream CD-ROM drives offer faster 

performance at the most economical prices ever. We'll 
tell you which one is right for you. 
CHANDRIKA MYSORE 

D-ROM drives used to be a fancy option for your desktop system. Today, they 're essential for load­
ing new application software, viewing presentations, or accessing commercial and private sources 

f data. Recognizing Lhi s Lrcncl , many sy. L m vend rs of~ r 0 -R M driv in " multimedia" 
bundle . As we went lo pr ss, ateway 2000 announced that all its system. wou ld includ a 0 ­
ROM driv . tandard . 

But y u d n' t have lo buy an w system to tak advantage of D-ROM : This lab r p rt 
evaluate two dozen fa t and easy-Lo-instal l ex ternal drive that can serve y u wel l whether you use a P or 
a M ac. We test d 20 1-based, desktop driv s ancl rankecl the b st for gen ra l-purp se, low-co t and 
texl-inten ive appl i ations. A ll but ne of th driv s wa. double-spee 1, with thr ugh put score of 300 to 350 
KBp . The remaining drive was N 's qua lruple-sp ed Mu lti pin 4X Pro, which was the most ex pen, ive 
driv we tested ($995) but al. o the fastest for throughput: 590.3 KBps. We al o ranked four portable drive · 
Lhat onne l via a I and/ r a paral lel-port interface. 

How to use this guide 

Turn to page 179 for details on the double-speed drives that price for Best Overall , Low Cost, and Text applications. The 
showed the best performance, features. ease of use, and text box on page 182 ranks four portable drives. 

BEST OVERALL Pltxlot DM-5028 -5-d PlusDrive price, which doesn·1 Lower numbers Indicate faster 
Include the adapter. Adapter performance. This score 
prices for each drive are :·:=,:;::::.::;::-~ ...- .....- represents how fast the drive can 

oo.npllltlroau~lll~M•l•ll«Of'GfMftllotall
listed in the ·Roll Call" on IN OOltttlil~ dfWGI .. MIDCL tt.CllU 1.111\:r.ttlon wn -oorc ----- read data spread across the CD. 
page 186. 1Nlowet'llllldma1t~M'*-...m"*"111h&ckt... •poo 

chllb ...ritt!Wf ~ r.d 10 11wcn dlcellnet 11 M oftoeo. ltla. OM !i0'28 
~u1nt11pe1fo•ma'IOt•lt11111ftdla&K8bJ!ll!f . ftet.111...-ct1t.mn~ 

" '*"*•t.#lhOUll111a1~..xea•oi••HINl'°""#OOl'lllhllBoit Lower numbers indicate better 
•..,.. _ """ performance . This shows the 

Higher numbers Indicate faster - ..., l!IJaM!!llUl "'""' .... .. ... .--. percentage of the time the 
performance. A measure or the 1111 .,._ _,,_..., :;:..:: ~":"" :: :: ::': ~.. : ' :.'. 7 computer's CPU was used by the 
amount of data a drive can .,. ,.....,...... ,..,....,, "'' '", .,, "~ .,., ... ..•• ~~ '""" , CD-ROM drive during a sequential 
transfer in 1 second . -· ......,,..,..b "" "" "' read at 150 and 300 KBps.7 .......\ '"''" ' . 


Better ratings indicate drives with longer warranties, a range of device We considered t~e quality of 
drivers. and support for a greater number of modes, including CD-ROM ?ocumentat1on, mstallat1on, and user 
XA (Extended Architecture). multisession Photo CD. and IS0-9660. interface, among other factors. 
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Choosing a CD-ROM Drive 
Drive speed, the rate at which a drive can transfer data, is detennined by a number of factors, including spindle 
rate and how effectively the drive uses its buffer. Double-speed drives are good choices for most general-purpose 
applications, and excellent models exist that range from about $300 to $500. Quadruple-speed drives offer faster 
throughput but sell for $1000 or more. 

FRONT PANEL I I ' 11 1At a minimum, this should 
include a " CD busy" signal ,~ CJ 
power-on indicator, a CD eject Q 
button, an emergency manual· fi'1 - • 
eject hole, an audio jack, and - ­
volume control. --.-=-.------------------.-=-.--~ 

SCSI CONNECTION 
For best performance, choose a SCSI drive. Drives with 
parallel-port interfaces posted slow throughput sc:ores and 
are generally unacceptable for displaying full-motion video. 

STANDARDS SUPPORT They are solid choices for portable applications that don't 
For the greatest flexibility, require video, however. H the drive comes with a standard 
make sure the drive you buy SCSI connector, you'll be able to attach other SCSI devices 
can read multisession CDs, to that adapter. Some drives offer only a proprietary SCSI 
supports MPC level 2, and connection, which can't support other SCSI peripherals but 

CD LOADER supports CD-ROM XA lfor may show some performance advantage. 
We find tray loaders (picturedl details, see the glossary on 
to be easier to use than page 1821. 
caddies, although this tends to 
be a subjective decision. 
Caddies can be an advantage if 
they serve double duty as CD 
loaders and storage cases, in 
which case, you never have to 
expose the CD to dust. 

BEST 
BEST OVERALL 

Plextor DM-5028 

DoubleSpeed Plus 

An excellent combination of 
price and performance, this 
$409 drive was the second­
fastest double-speed drive 
In our seql.lential­
throughput tests, and its 
CPU utmzatlon score was 
among the most .efficient 
we tested. It also led the 
pack in the1ext-search 
tests. 

PAGE179 

BEST LOW COST 
Miror CD ROM Drive 
Sold primarily in the Mac 
market, this $259 drive can 
be a bargain for PC users, 
too, when it Is matched 
with the right inexpensive 
SCSI adapter. No matter 
which platfonn, you' ll see 
solid performance from this 
Toshiba.mechanism drive. 

PAGE 179 

BEST TEXT 
CD Technology 
Porta-Drive 13401 
This 3-Pound drive achieved 
the highest overall 
performance score In our 
combined text, sequential 
throughput, and random· 
access tosts . The Porta. 
Drive can run off of an 
e11ternel power supi;!ly, end 
the company supplies 
drl11ers for e wide range of 
operating systems. 

PAGE 179 

Wh ile th i report focuse. on ex ternal drive , you an 
gaug performan e of drive on reel by y tern vendor 
by looking at the ' Roll al l' on page 186, which list the 
basic driv mechanism used in each product. 

Double-speed drive have claimed their place in the 
main ·tream market b cau e of price and perfo rmance 
that fa t enough for them to d i play fu ll -motion video 
in ome re ol ution without droppi ng any frames. Less­
expensive ingle- peed drive of the recent past offered 
only 150-KBp throughput wid1 mixed review for video 
performan e. 

To rank drive perfonnance, we u ed custom bench­

marks to measure sequentia l throughput, ranclom-acce:s 
time, and CPU utilization of each drive. We aL o ran ap­
plication tests including a 912-frame video sequ nee 
to gauge if individual frames were dropped. Keyword 
and Boolean tex t earches he lped us determi ne which 
drive were best for search ing large t xt database . 

Although E s quadruple-. peed driv was the only 
one available for our te t cycle, you can expect severa l 
other vendor to offer these fa . ter drives by the tim 
you read th i . Note that IBM also sell CD-ROM drive 
but it d idn't participate in this repo1t because it expected 
to introduc a new mode l late thi summer. 
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THE BEST DOUBLE-SPEED 


• 


T
oday double-speed drives demonstrate sameness rather than di . ­
tinction. The 23 double- peed drives we rested repre ent only eight 
different drive mecbani ·ms. To ·l1iba' s mechanism is the dominant 
one in this sample: I I of the drive used either Toshiba's T340 I or 

T4101 model. Accordingly, performance varied only slightly across the en­
tire sample (by approximately I 0 percent), and the score for the drives u ­
ing the Toshiba mechani sms were almost identical. The T3401-based mod­
els produced sequential throughput of about 331 KBps, while the T4 I0 I-based 
model posted throughput of about 301 KBps. 

everthele s, the exception to the Toshiba-mechanism rule often per­
formed well. Our Best Overall drive, Plextor' DM-5028, uses a Plextor 
mechanism, and it throughput score was the fas te t of the drives we ranked 
in that category. 

The standard buffer size for double-speed drives is 256 KB, although we 
did see a handful with 128 KB or even 64 KB (including the Plextor). The 
buffer i e pecially important during times when the drive is waiting for 
the ystem to display an image on the screen: ln such cru!es the drive can read 
ahead and fill the buffer with data . However, the relatively small size of 
CD-ROM drive buffers (even when they' re the larger 256-KB buffer. ) don 't 
necessarily bring faster performance. 

Fi1mware plays a prime role in how efficiently the drive u ·es its buffer. The 
y tern CPU st ps very time it issues a read-ahead command to the CD­

Do You Need Quad Speed? 
NEC's MultiSpin 4X Pro performed 
without flaws. This high-performance 
drive achieved 590.3-KBps tlu·oughput or 
two times the rate of doub le-speed 
.......,..,.----~=--- product . In addition, it 
~alThroChput 	 come in a well-

designed housing with 
a rotating dust door 
and a clear control 
panel with an easy-to­
under tand LCD. 

However, the price, with adapter, i 
$ 1120, or al mo t 2l1 times the price of our 
Be t Overall winner. For mo t mainstream 
applications, quadruple peed is too 
expen ive to justify, but if you need the 
fastest perfonnance- and price isn' t an 
issue-consider thi drive. 

'--'-=~--~=...:J 

R M drive. Too many such command translate into notic ably slow sys-
t mp rformancc. D-R M v ndors us two approache. for buffering. ln circular buffer read-ahead, the driv continuously 
reads with just one interrupt fro m lh mai n pro cs. or. This keep. th ' buffer rull and improve thr ugh put. Anoth r approach 
i. to copy the driv ' s table of ontents or root-direct ry in formation into the buf~ r mcm ry, which can reduce rand m­
acccss Lime. 

The interface adapter and the device dri ver al. o play an important role in drive pcrformanc , e pe ially in P utilization. 
cv ral drive vendors, including Philips LM , Reveal, Hitachi , and Pl x1or f~ r a standard bundle of an 8-bit 1 adapt r. 
u h adapters arc handy if your ys10m lacks I and you arc n t planning ro run multimedia applications. If you are buy­

ing a D-ROM drive for vide -i111 ' n­
sive applicati n., consider a highcr-p r-
f rrning 16-bit 1 A r even an I 'A 

1 adapter. 
S medriv , such a Hita ·hi' s DR­

1900SP , come with a proprictaiy S SI 
adapter, whi h provide a performance 
edge over drive. that use a sta nd ard 

SI adapter. However, proprietary 
adapters can't support C l peripher­
als, . uch as a hard drive. 

T st resu lts for PU utili zation can 
be especially important for finding dri ves 
that won' t drop video frame when play­
ing vid o off a CD. All the SCSI-based 
drives achieve performance within the 
standard MP Level 2 . pecification , 
which i 40 percent for 150-KBps tran. ­
fer and 60 percent for 300-KBp rate . 

one of the C I dri vcs we te . ted 
dropped frames when they ran our test 
video fil e at a resolution of 320 by 240 
pixels. By contrast, none of the three 
parallel-port drives we rested met the 
MPC Level 2 specification for CP uti-

MULTISESSION QUEmONS 
All the CD-ROM drive vendors that participated In this report say 
that their drives can read multlsealon CDs; however, when we 
tried to read a multlsesslon CD, none of the drives succeeded. 

• The process of recording data and an nsoc:lated table of con· 
tents Is called a lftS/on. Whether It's a commercial CD-ROM tltle 

or your company's data that you've recorded onto CD-ROM, lnfonnatlon Is 
placed sequentially on the CD In spiral tracks. At the end of the recording 
process1 a table of contents, listing the flies and directory locations, Is added 
to the CD. 

To read multlsessions, drives need some read electronics and a device driver 
that can identify more than one table of contents on the CD. Our problems 
centered around not having the latter component. Although each drive was 
capable of multisession reads, none was shipped with the proper driver. 

JVC lnfonnatlon Products recently released a driver that can read Orangellook 
multisesslons on the CD. The price is $200 for a U).drtver distribution pack; the 
company includes the drivers with its CO.reconler products. When we loaded this 
driver, the CD-ROM drives worked as advertised. In addition, Adaptec's EZ· 
SCSI adapter comes with a device driver to read Photo CD multisession CDs. 
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were 

A 

li zation , and each dropped 80 BYTE BEST CD-ROM DRIVES 

percent or more of Lhe frame · 

(see '·CD-ROM for the Road" 


For the best in price and performance ...on page 182). 
Thi generation of double-

peed drives is also similar in BEST OVERALL Plextor DM-5028 DoubleSpeed Plus 
their ease of use. Installation 
was never more difficult than This double-speed drive offers an excellent combination of price 

connecting the proper cable · to ~ and performance. The $409 base· drive ($469 with adapter) 

Lhe SCSI port and loading a de­ ~ cempleted our sequential-throughput tests second fastest of all 
~ the double-speed drives we tested. Its CPU utilization was amongvice driver. Front-panel controls 
· · the lowest and most efficient we tested, making t('lis drive a good were al o easy to use for al I 

choice whether yeu need to search databases or run video. The DM-5028 tbe e drive . Each product came 
achieves this performance with a small 64-KB buffer. Its text-search times werewith an eject button, an emer­
tl'le fastest , although lts random-access sco(e was the lowest among the Best Overall drives. gency manual-eject hole, an au­

dio jack and volume control on 
the front panel. evertheless, S£QUENT1Al RANDOM BUFFER 

THROUGHPUT ACCESS CPU UTILIZATION (Ill FEAIURES EASE OF SUE DRIVE WARRANTY we did have a few favorite in- PRICE ' (KBPS) (SECONDS) 150 KBPS 300 KBPS SCORE USE (KB) YEHOOR (YEARS) 
terface imple-

BEST Plextor DM-5028 DoubleSpeed Plus $409 336.2 0.34 14.22 29.40 ......... ......... 64 Plextor 

Rankings for me nt a tion s 

m£11-0PToshiba America TXM-3401 E $545 331.1 0.29 15.34 29.02 .......... ............ 256 Toshiba

Best and Low Cost that offered 11111£R.UPLegacy CD-ROM 2X $575 331 .3 0.26 15.27 30.19 ............. ......... 256 Toshiba

Considered more than the llllllER·UP Mirror CD ROMDrive $259 331.2 0.26 15.22 29.45 ......... ......... 256 Toshiba 1 


s tand a rd llllNil·UP DEC RRD44-DA $549 331 .9 0.27 18.40 35.58 .............. ......... 256 Toshiba 3 
items. Tf the RUllllER-tlP Peripheral PLI CD·ROM MS $743 331 .5 0.27 15.91 31.82 ......... ......... 256 Toshiba 

drive had in ­ lllHHER-llP MacProducls USA Magic CD Pro $459 331.4 0.26 19.12 36.92 ......... ......... 256 Toshiba 
dicator lights RUNNEi-UP FWB hammerCD $749 331.4 0.26 15.22 29.04 ...... ............ 256 Toshiba 
or an LCD, it 
helped us tell Need low cost and fast speed?
when the CD 

wa loaded in 


LOW COST Mirror CD ROM Drivethe dri ve. But 

some drives, 


At $259, this drive known primi;iril_y In ttie MaQ market easily rnet the 1,mc;ler-$500 such a· D's 
requirement for this category. It makes only minor compromises In speed comparedT3401 . Legacy's D-ROM 2x. 
to the Best Overall winner. If you 're aPC user. you 'll need to spend approximatelyMacProducts A's Magi D 
$93 111ore for an ISA·based SCSI adapter and cable. For Lhls sUll-economicel price.Pro, Mirror's D ROM, PLl's 
you'll see solid performance from this Toshiba.mechanism drive: Its speed scores DR MM . and Rcvcal' s 
ranK near the top of the more expensive Best Overall leaders.The n1c11aincr, ha I no indica­

tor light to tell you if a D was 
SEQUEHTIAL RANDOM SUFfERI ad d or if the power was on. 
THROUGHPUT ACCESS Cf!l.l!.TILl1ATJQN (l\) FEATIJRES EASE OF SIZE DRIVE WARRANTY

In these a e , we had 10 press PRICE ' (KBPS) (SEC ONDS) 150 KBPS 300 KBPS SCORE USE (KB) VENDOR (YEARS)
tJ1e jcct button on the drive to 

BEST Mirror CD ROM Drive $259 331.2 0.26 15.22 29.45 ......... ......... 256 Toshiba 1 

ee if tJ1e D was ins 11ed. I ER·UP MacProducts USA Magic CD Pro $459 331.4 0.26 19.12 36.92 ......... ......... 256 Toshiba 1 


A n t about · '· trip! ' ­ RUllllEl·UP CD Technology CD Porla·Drlve T3401 $500 331.3 0.26 15.76 30 55 ......... ...... 256 Toshiba 1 

speed dri ve : ll.llllER·UP Plextor DM·5028 DoubleSpeed Plus $409 336.2 0.34 14.22 29.40 ......... ......... 64 Plextor 

TI1c fi rst E 


Text 

Rankings for 

3X MuhiSpin 
Need to find data quickly?Considered dri ve we rest­

ed produ ced 
thro ughput TEXT CD Technology CD Porta-Drive T3401 

ores th at 
in co n- This svelte . 3-pound drive achieved the highest overall performance score In 

our combined text, sequential throughput, ancl random-access tests. A istenL wiLh 
Toshiba-mechanism drive, the T3401 can run off of Its external power supply. 

Note that the drive ~ses a proprietary SCSI connection. which can help 
tripl e-speed 
perform ance. 

performance but doesn't support other SCSI peripherals. second 
drive couldn ' t 
complete our SEQUENTIAL RANDOM BUFFER 

THROUGHPUT ACCESS TEXT SEARCH SEC NOS CPU UTIUZATIOH.l%l FEATURES EASE OF SIZE DRIVEtests. Neither 
PRICE ' (KBPS) (SECONDS) ONE·WORD BOOtEAH 150 KBPS 300 KBPS SCORE USE (KB) VENDOR 

we nor NEC technicians could 
BEST CD Technology Porta-Drive T3401 $500 331 .3 0.26 15.23 15.08 15.76 30.55 ......... ...... 256 Toshiba
re olve the problem during our 
llJINER·UP Legacy CD·ROM 2x $575 331 .3 0.26 15.2 15.42 15.27 30.19 ..................... 256 Toshiba 


tc t cycle. 
11.UllJ.UP MacProduclS USA Magic CD Pro $459 331.4 0.26 15.35 15.37 19.12 36.92 ......... ......... 256 Toshiba 

llllllCR·UP DEC RRD44-DA $549 331 .9 0.27 16.24 15.29 18.40 35.58 ..................... 256 Toshiba 

llJttlIR·UP Toshiba America TXM·3401E $545 331.1 0.29 15.31 15.23 15.34 29.02 ......... ............ 256 Toshiba 


KEY 

Excellent 4444 Good 444 
RllHH!J.UP Plextor DoubleSpeed Plus $409 336.2 0.34 15.09 15.06 14.22 29.40 ......... ......~ 64 Plextor 

Fair 44 Poor 4 
' Doesn·1 include adapter pnce; see "Roll Call: 
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HowWe Tested 

We rated the drive for speed, 

features, and eru e of use. Our 
custom performance suite 
consisted of five compo­

nents: sequential throughput, random 
access, CPU uti lization, text earching, 
and video playback. 

Our low-level CD-ROM tests were a 
portion of NSTL' s InterMark perfor­
mance benchmarks. In each te t, drives 
were in tructed to read data from inner, 
middle, and outer tracks of the CD. We 
accessed data from these three areas be­
cause CDs store information equen­
tially on a single track that 's piralled 
across the CD. Drives spin the CD faster 
when reading data from an inner track 
compared to outer tracks, and a drive's 
performance can vary depending on the 
location of the data on the CD. 

The throughput tests measure the 
amount of data a drive reads into mem­
ory in a second. Data was read sequen­
tially in a eries of 16-KB blocks. Tn the 
random-access tests, drive read a single 
l 6-KB block then kipped over a third of 
th D to read a econd 16-KB bin ·k. 
Th, P utilization Le ·ts mea ·ure the 
percentage of P resourc s u ed to c­
quentially read 16-KB blocks at a nite of 
150 and 300 KBp-. 

The text- ear h te ·ts c nsistcd or a 
. in le, k yword . ear h and a Boolean 
·earch u ing Gofer. an informati n ex ­
change pr toco l d v lop d by th ni ­
ver ity of Minnesota. The text test data 
was "Project Gutenberg," electronic text 
of impo1tru1L English lruiguage docum nts 
publi ·lpd by Walnut reek DROM 
(Walnut Creek, A). In the first text test, 
we browsed a 5-MB file for a keyword. 
The second te t used a B olean search 
phra e to I ate two words. 

In addition we assessed each drive'. 
ability to play video sequences usi ng 
Microsoft's VidTest D-ROM video 
te, t.. The drives ran an 8-bil, 912-frame 
file in re olutions of 320 by 240 pi els. 

EASE OF USE 

We cons idered the quality of docu ­
mentation , how easy it i to insta ll the 
driv 's hardware and oftware compo­
nents and rated each drive front-panel 
indicators. 

The features that we con idered most 
important were the length of tbe war­

1.80 BYTE/NSTL LAB REPORT 

may Induce greater precipitation on windward • lopes, 

leeward slopes experience a RAIN SHADOW EFFECT. 

banters can also slow the pusege of cold, stable elr 

thereby protedlng regions to the leeward. Local relief 

differences tn slope or exposure affect the receipt of In 

runoff. end wind conditions. Dally differences In heatln:=g~a:;: co ng~"i::S:===~
ndd~::':oill11':::
generate local mountain end valley winds and land-sea breezes, 
Inland bodln of water 1110 cen creete dally !Jrcczcs 1 II 11 
Influence temperature and humidity In their vicinity ow g to the LAKE 
EFFECT. 

ranty, range of device drivers, MP 
Level 2 certification, and support for 

1-2 and ra t SI. We also I oked 
for the modes . upportcd , such a CD­
Audio, CD-ROM XA (Extended Ar­
chitecture), D-R (CD Recordable) 
CD-1 (CD l nteractive) and lS0-9660. 

We ran the tests on a Compaq De k­
pro 66M (66-MHz 4 6DX2) wilh a 500­
MB hard drive and MS-DOS 6.2 and 
Window 3.1. We di sabled Smartdrive, 
and no wapdrive wa · used under Win ­
dow . We connected each drive to the 
test system usi ng an Adaplec AHA­
2740/42 SCSI (ElSA) adapter and 
Adaptec EZ-SCSI 2.04. Three drives­
Hitachi s CDR-1900 PC. MacProducts 
USA' Magic CD Pro, and Reveal 's The 
Entertainer-use a proprietary SCSI 
connection; we u ed that forte ting. Test 

SEPTEMBER 19\14 

files re ided on th Le 1computer' hard 
drive. Para llel-port driv ran from an 
A T PowerExec 4/25SL n tebook with 
an enhanced parallel p rt, 8 MB f 
RAM, and a 200-MB hard drive. 

Contributors 

Alan loch, Senior Editor/BYTE, coordinates the 
r·om/Jined testing between rile BITE lAb and NSTL 

Chandrika Mysore, Project Manager/Nm, 
has te.1·red veriphemls and systems/or NSTl 
since 1989. 

Tlrr Wb Rt!tXJrt l.Y an ongoi11Rc:ullt1bmath1t pro;erl 
betwtcn BY7'E magat mt antl Na1ifmn/ Sqfrivarr '/8.~rb1g 

l..obumwrtc.\' (NS"fLJ. BYTE magm.ine a11d NS'/1.. <1re b(Jrh 

optmtmg unit.t ofMcGrnw~Hill. '""' Comar.11ht NSTL 
su1ffu11 the ln1tm1et ill ediwrs®11.wl.c1J111 1• m NSTL fo r .. 

Pl)'mm11/J Curporatlf Ct!nttJr, Pfrmnutlt M eeting. PA 


19462: or aJ (610) 94/- 96()1). Contucr HYTF. un th( 


Jnr<niet or BIX lll nj()c/o@bi.r.com 11ru1 (603) 924-9281. 
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IF A RAIDBANK DISK 


EVER FAILS, IT'LL 


R E P L . .;A C E I T S E L F 


A B S q 1i T E pf -,F R E E . 


.. ' 
--~ 

Every feacure in rhe RAJ Dbrmk lineup has been engineered ro 

enhnncc rhc licnc/se rvcr rclarionship . ur on - line hot spare 

and hot swa1 fun cion arc flnwlcssly managed by an inLc ll igenc ba kplane . The ing lc 

onne ror A Len hmcnt (' A) dri es virtually ·liminatc mulriplc poinc coma L fai lure. ur 

dua l power upplit·s arc fro1H mount d co p rovide convenienr ncccss, And RAJDhank is chc 

on ly hi g h-avai labil icy srornge rrny char'. boornbl e under Ncc W:irc , hacked by auchoriz ·d 

IBM on-sire service and Mi c roNer's 7 day-a - weck /24 hour-a - lay rtchni d . upporc . 

We'd love co go on. Bue for che co mplete rocy, cal l 1 (800) 800- DI ' K ;1nd you ca n calk 

direccly co a ercificd ccWare Engineer or requ est acld irional information . 

You ' ll see, che be c things in life. ·- .
I 

R.ALDba11k Tower RJ\IDba11k Rack-moum llA IOb.•11k Desktop are 110[ only free, they 're ri k- frce . 

I 

' I 

' 


/(l\/Dba11k P/11J JJ fl hiJ?,h-pc1fom11111ft 

l.i /SA baud hrJrduwra Jo /11111111 1h111 

111r/111lfS <1 32-bil 011-bo11rd /irnreJJor, 

ti lllJlfli1ml i/111" /ral/Jfer rt1tr fl[ 11/1 10 

11.2 M fJ!m a11d J11ppor1 /11r ,,fr111t1ll)' 

et't1)' Jlo/111/ar ()IS. 

HAI/ btJ11Ji offers o t1erJt11i/r 10/1wt1rt 

i11ltJrf11tt whirh drrnm1111Jd,1ltfJ /SA , 

EISA , VF. A -LfJU and MCA J)'Slt111J. 

Pe11/ltrtJ i 11c/11dt variable-lime d111" 

rebuild. ~1dlwri1t opti111iu11io11 tt11d .111/1­

porl fo,. e1Wtm '. x, 4.:>: and lllOSI OIS. 

MicroNe• 
Disrrihuml by lngrant Miuo (800) 4 56·8000. Mm el (800) MERISEL ond 1'cch D•I' (800) 23 7-893 1 

All Tn:adcm11rks, Re~iS<trc<l Trademarks and Logos :ue of rhelr respective holders. 
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Fast Access to Multiple CDs 

F
 changing CD, varies de­


data stored on nu ­

or fast acce · to 

pending on the CD loca­
merou CDs, con­ tion in the CD changer. 
sider one of the We measured the time to 

changers now available that change from CD J to CD 
can hold up to 18 CD­ 6 and then di played the 
ROMs. Three new chang­ directory on that CD ( ee 
er · are built using mecha­ the chart below). The 
ni ms from Pioneer ew Pioneer's DRM-1804X can handle quadruple-speed Pioneer 

up to 18 CDs.
Media Technology. The completed thi task fas test 
Magic CD 6 Quadraspin i · available from (ju t over 8 seconds), whi le the double­
MacProducts USA. lt ells for $ 1099 and ' peed Pioneer and quadrupl e-s peed 
can hold six CDs. It and Pioneer's $1845 Magic CD required 9.46 and 9.26 ec­
DRM-1804X are quadruple-speed drives, onds, respectively. 
although Lhe Pioneer can handle 18 
CD . Pioneer' DRM-602X u es a Time to Change (seconds) 
slower, double- peed mechani m, 
and it 's able to handle 6 CD . . MacProducts Magic 6Quadraspln 

9.26Device driver identify multiple 
Pioneer DRM-602XCD in the CD changer through dif­

9.46ferent drive letter. . When you ac­
Pioneer DRM·1804Xce . a CD, the drive mechani m 

8.07 move. up or down to align itself 
11.2.~with the de ·i red CD, dra ws the 

CD into place, and Jocks it for • FromCDslto& FromCDsltolS 

read in g. Th e amoun t of lime '-------------------' 

Key Terms 
CD-I (CD Interactive) A format developed 
by Philips for the playback of multimedia 
and Interactive software. 

150-9660 A pervasive file-format standard 
created by the ISO. 

CD·ROM XA (Extended Architecture) 
XA-compatlble drives offer multisession 
playback and synchronization of various 
media types. 

MPC Level 2 The Multimedia Marketing 
Council's standard for minimum multimedia 
system requirements. 

Multisession recording Recording data In 
more than one session. with a table of 
contents for each session. 

Photo CD A standard specific to Eastman 
Kodak's Photo CD storage media. 

Session Recording data and creating a 
table of contents on a blank CD. 

Single-session recording Recording an 
entire set of data on a CD at one time. No 
more than one table of contents is allowed 
on the CD. 

CD-ROMFOR THEROAD 

We teated three doublHpeed and one The SCSI-based 
biple-speed drive for portable appllc• Porta-DIM T4100 
tlons. Two used a parallel-port Inter· was a wisp at only 
face-Olac:tec'• RoadRunner Express 1 pound. 
and Micro Solutlonl' Backpack. Uber· Compared to 
ty's 115 Serles CDN-P and CD Technol­ the drives that 
ogy's Porta-Drive T4100 support SCSI supported EPP 
and parallel-port Interfaces. (enhanced paral­

The heaviest of these drives, the lel port) (all but 
Backpack and the Uberty 115, welsh the Backpack), the4.,......., which Is equivalent to ­ of SCSI-based Porta· 
the desktop drives we teated (althoulh Drive T4100 pro­
weights for the latter went up to 14 vides marginally slower throughput and 
pounds for CMS Enhancements' Plat· random-access speed. It shines, how­
lnum II). But the parallel-port Interface ever, In CPU utillzatlon by nanning with­
combined with relatively light weight in the MPC Level 2 specification at both 
recommends these drives for mobility. 150 and 300 K8ps. None of the parallel-

SEQUENTIAL SKIPPED 

TH ROUCH PUT CPU UTILIZATION (%l mMES FEATURES 

MODEL PRICE I (KBPS) 150 KBPS 300 KBPS (8-BIT FILE) SCORE 

Clocblte lfram tap leftl: CD'1 Purfa.DlfN T4100, 
Dllctltc:'1 Roldllunner Eli..-, Micro SolldioM' 
llllckpm:k, end l.lllerty'1115 5ertH CDN-P. 

port drhes met the 
apeclflcatlon. 
lNote: 1he Uberty 
drive, which sup· 
polta bath EPP and 
SCSI, WH tested 
lilina only the EPP 
Interface.) This Is 
borne out In our 
video tests: The 
Porta-Drive T4100 
didn't drop any 

video frames In our test, wh• the three 
remaining portables dropped tine quar­
ters of the frames. " you travel to show 
presentations that Include full-motion 
video, consider this drive. 

BUFFER 

EASE OF SIZE DRIVE WEICHT SUPPORT 


USE (KB ) VENDOR (LBS) EPP 


vCD Technology Porta-Drive T4100 ' $400 300.9 19.13 49.79 Oof912 7.9 8.3 64 Toshiba 1 
vDisc ec RoaciRunner Express CD·2x $499 301 .6 58.79 73.83 774 01912 5.8 6.4 32 Mitsuml 3.5 
vLiberty Systems 115 Series CDN·P • $649 31 1.0 45.83 94.34 854 ol 912 8.2 8.3 256 Toshiba 4 

Micro Solutions Bacl<pack $499 112.3 99.22 99.22 897 01912 5.6 6.1 32 Mitsuml 4 

' Doesn't include adapter price; see •Roll Call." ' Drive tested using SCSI port. ' Drive tested using EPP interface. v a yes. 
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Absolutely the fastest 
The new TEAC SuperQuad"'AT 
4X CD-ROM drive delivers 
the ultimate quadruple-speed 
performance for multimedia 
programs and games on your 
PC. The 600 Kbytes/sec data 

transfer rate coupled 
with the 195 msec 
access time brings 
you the smoothest 
video motion, the 

sharpest images, the fastest 
data retrieval. Four times faster 
than a standard drive, 33% 
faster than a triple-speed drive, 
it's the fastest PC/AT® CD-ROM 
available. Only from TEAC. the 
world leader in data storage 
products. 

Plug & play Sound Blaster™ 
SuperQuad 4X is plug-and-play 
compatible with Sound Blaster 
type AT interface sound cards 
and comes complete with 
easy-to-install software, cables 
and manual. It's also CD-ROM 
XA ready, MPC2 compliant 
and Kodak Multi-Session Photo 
CD compatible. 

Why settle for a half· 
speed drive? 
2X and 3X drives aren't in 
the picture anymore. TEAC 
SuperQuad 4X is the ultimate 
in multimedia performance. 
Insist on a demo before you 
buy. See the difference for 
yourself. Available through 
CompUSA and Merisel. 

TEAC America Inc. 
773 3 Telegraph Road 
Montebello, CA 90640 

For product and purchase information, call 

1-800-888-4X-CD 



HONORABLE MENTIONS 

NEC Technologies' MultiSpin 4X Pro provides 

front-panel buttons that let you easily select fast-

forward fast-reverse. Lop, and eject. Unique among the 

products we tested is this drive ' audio-control buttons for 

audio-on ly CDs. Al o handy is the amount of ·taui 

information the MultiSpin provide . An LCD indicates D 

loaded, D busy. and the speed at which the drive is pinning. 

"' 
For SCSI infonnation numbers at a g1ance, 
CMS Enhancements Platinum II CD-ROM drive offer. a 

unique from panel that di splays the termi nation tatus and ID 

number (along with the power and "drive bu y" indicators). 

TI1e drive also come.~ with brackets for stacking multiple 

drive. and a pedestal that positions the drive vertica ll y. 

Kudos to the few CD-ROM drive vendors, such 

as CMS Enhancements, Hitachi, Todd Enterprises, and Chlnon 

America, whose drives include a modest, but infonnative, 

"Disc Loaded" indicator on the dust door. 

Dul::.io"L•s Achieve:rn.en.ts 

The DEC RRD43-FB and Toshiba TXM-4101L drives have p wer buuon~ next t the addy in ·ert 

wind w, where most drives have an eject button (the eject buttons on the RRD43-FB and T M-T4 I0 IL arc below th , 

du t d rand don't have contra, ting !ors with th case). W found th proximity of the power 

and eject button to be fru tralingly clo e together. Mo ·t D-ROM drives' power 

switches are in the back or on the . ide, away fr m the front panel. 

Is it On or Off? The Lega y D-ROM 2 driv 's power-swit h indicator. 

rcve . e the "O" and' I" on the LOP cover of the drive compared to what 's 

indicated on the witch itself. 

... 
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The Authority in 

Windows NT Backup. 


When Fortune 

500 companies 

need proven 

enterprise-wide 

backup for 

WmdowsNT 

that's field te ted, 

th y turn t 

Arcada. 

Arcada provides 

proven data 

pr tecti n fi r 

client/server 

rni si n critical 

to protect the data 

on their own 

corporate network. 

From workstations 

to enterprise 

servers, Arcada has 

the only proven 

Wmd w NT 

bach.'Up ftwar . 

Actually, it' the 

only olid NT 

Backup that' been 

around as long asEnterprise Proven. 
Wmdows NT itself. 

Wmdows NT information y tern. So call 1-800-729-7894 to order 

In fact, Microsoft, the world's your complete, full functioning 

leading authority on 30 day evaluation version of Backup 
MICROSOFT. Wi d NT dWlNDO\•sN'r: m ows , uses Arca a Exec for Windows NT. 

-

Arcada 

s o ftware 

Arc:nd:i Sofo,•are, Inc., 37 Skyline Urive, Suite I J() J, L.•kc M:iry, l'L 32746. Tel: 1-800-3-ARCADA.@ l\l'J4 f\ro1tla Snfn,•Jre. Inc. 

All trodcmarks or rcbri.s1ere<l trademarks are property of d1cir rcspcctfrc owner). 

~~ft~ft~· 



ROLL CALL OF CD - ROM DRIVES 


SEQUENTIA L RANDOM 
DRIVE ADAPTER DRIVE THRO UGHPUT ACCESS CPU UTILIZATION ('!.) 

VENDOR MODEL SPEED PRICE PRICE VENDOR (K BPS ) (SECONDS ) 150 KBPS 300 KBPS 

CD Technology, Inc. CD Porta-Drive T3401 @ $500 $120 Toshiba 331 .30 0.26 15.76 30.55 

Chinon America , Inc. CDX-535 @ $795 $100 Chinon 301.40 0.31 7.85 41 .88 

CMS Enhancements Platinum CD-ROM @ $620 $400 Chi non 303.80 0.40 7.31 41 .69 

CMS Enhancements Platinum II CD-ROM @ $809 $391 Chinon 303.80 0.31 7.29 41 .69 

Digital Equipment Corp. RRD43-FB @ $473 $149 Toshiba 301 .00 0.49 19.93 50.43 

Digital Equipment Corp. RRD44-DA @ $549 $149 Toshiba 331.90 0.27 18.40 35.58 

FWB, Inc. hemmerCD @ $749 NIA Toshiba 331 .40 0.26 15.22 29.04 

Hitachi Home Electronics CDR-1900SPC @ $670 $112 Hitachi 352.20 0.35 18.03 34.71 

Hitachi Home Electronics CDR-1950S @ $670 $112 Hitachi 301 .00 0.32 8.87 42.54 

Legacy Storage Systems, Inc. Legacy CD-ROM 2x @ $575 $199 Toshiba 331 .30 0.26 15.27 30.19 

MacProducts USA Magic CD Pro @ $459 $199 Toshiba 331 .40 0.26 19.1 2 36.92 

Mirror Technologies Mirror CD ROM Drive @ $259 N/A Toshiba 331 .20 0.26 15.22 29.45 

NEC Teohnologles, Inc. MultlSpin 4X Pro $995 $125 NEC 690.30 0.26 8.67 17.57 

. 

Peripheral Land, Inc. 

Phillps Laser Magnetic Storage 

Ptextor 

Reveal Computer Products 

Todd Enterprises, Inc. 

PLI CD-ROM MS 

CM206/1 O 

DM-5028 
DoubleSpeed Plus 

The Entertainer 

TCDR2XMS 

@ 

@ 

@ 

@ 

@ 

$743 

$200 

$409 

$399 

$670 

$175 

Bundled 

$60 

Bundled 

$75 

Toshiba 

Philips LMS 

Plextor 

Panasonic 

Hitachi 

331 .50 

301 .00 

336.20 

301 .70 

301 .40 

0.27 

0.43 

0.34 

0.42 

0.34 

15.91 

21 .38 

14.22 

23.60 

8.11 

3 1.82 

48.85 

29.40 

49.63 

41 .69 

Toshiba America Info. Systems 

Toshiba America Info. Systems 

TXM-3401 E 

TXM-4101L 

@ 

@ 

$545 

$360 

$155 

$155 

Toshiba 

Toshiba 

331 .10 

301 .50 

0.29 

0.52 

15.34 

19.75 

29.02 

50.08 

CD Technology, Inc. 

Disctec 

Liberty Systems, Inc.• 

CD Porta-Drive T4100 ' 

RoadRunner 
Express CD·2x 

115 Series CDN-P 

@ 

@ 

$400 

$499 

$699 

$20 

N/A 

NIA , 

Toshiba 

Mltsumi 

NEC 

300.90 

301 .60 

311 .00 

0.51 

0.36 

0.33 

19.13 

58.79 

45.83 

49.79 

73.83 

94.34 

Micro Solutions, Inc. Backpack • @ $499 NIA Mitsumi 112.30 0.39 99.22 99.22 

~ = BYTE Best ' SCSI pon ' EPP (enhanced parallel port) ' Price Includes SCSI and EPP. Drive speed: Double @> Triple (@) Quadruple I@ N/A = not applicable. 
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VIDEO 
SKIPPED FRAMES TEXT SEARCH (SECONDS ) FEATURES EASE OF BUFFER DEVICE DRIVERS 

8-BIT FILE ONE -WORD BOOLEAN SCORE USE SIZE (KB ) WINDOWS 3.1 WINDOWS NT OS /2 MACINTOSH OTHER INTERFACE TYPE ' 

0 of 912 15.23 15.08 ...... .... 256 .... SCSl-2 

Oof 912 16.63 16.89 ...... ........ 320 v v SCSl-2 

Oof912 16.37 16.74 ........ ........ 256 .... .... .... SCSl-2 

Oof 912 16.77 16.71 ...... ........ 256 v v .... SCSl-2 

Oof 912 16.70 16.73 ........ ...... 64 .... v .... Novell NetWare SCSl-2 
3.x and higher 

Oof 912 16.24 15.29 ........ ...... 256 v v Novell NetWare SCSl-2 
3.x and higher 

oof 912 15.76 15.33 .... ........ 256 v SCSl-2 

Oof 912 16.86 16.76 ...... ...... 128 Proprietary SCSI 

0 of 912 16.76 16.75 ...... ...... 256 v SCSl-2, optional 
EPP 

Oof 912 15.20 15.42 ........ ...... 256 v v v Novell SCSl-2 
NetWare 4.0 

Oof912 15.35 15.37 ...... ........ 256 .... v v .... Novell NetWare SCSl-2, optional 
3.11 and higher EPP 

0 ol 912 15.55 16.59 ...... ...... 256 v v .... SCSl-2 

oof 912 8.69 9.52 ...... ...... 256 .... .... ti .... SCSl-2, optional 
parallel port 

Oof 912 16.55 16.70 ...... ...... 256 v v v v SCSl-2 

Oof91 2 16.84 16.85 .... ...... 64 .... .... .... Proprietary SCSI 

oof 912 15.09 15.06 ...... ...... 64 v v v v Novell NetWare SCSl-2, optional 
3.2 nnd higher EPP 

oof 91 2 16.76 16.76 .... .... 64 v' Proprietary SCSI 

Oof 912 16.03 16.81 ...... ...... 256 v v v v SCSl-2, optional IDE 

Oof 91 2 15.31 15.23 ...... ........ 256 v v' v' v SCSl-2 

Oof 912 19.38 19.51 ...... ...... 64 v' v v v SCSl-2 

oof 91 2 17.06 17.53 ...... ...... 64 SCSl-2 

774 of 912 26.79 36.08 .. .... 32 v EPP 

854 of 912 24.94 32.19 ...... ...... 256 v' v SCSl-2 

897 of 912 39.53 44.62 .. ...... 32 v' v EPP 

Excellent •••• Good AAA Fair •• Poor & t!' = yes. •Test via standard parallel: ' SCSl-2 drives suppor1 SCSJ-1 drives: EPP 
test drive would not run with EPP. dnves support standard parallel. 
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ROLL CALL O :F CD - ROM DRIVES 


SUPPORT MODES SUPPORTED 
SCSI FAST SCSI SCSI JO co AUDIO CO -ROM XA CO -I 

VENDOR MODEL ADDRESSI NG SCSI TERM INATION SELECTOR LOADER co 

CD Technology, Inc. CD Porta-Drive T3401 8 External Push button D v v 

Chinon America. Inc. CDX-535 16 External DIP switch D v v 

CMS Enhancements Platinum CD-ROM 32 v External Rotary switch D v v 

CMS Enhancements Platinum II CD-ROM 32 v External Push button D v v 

Digital Equipment Corp. RRD43-FB 8 External Jumpers lil v v v 

Digital Equipment Corp. RAD44-DA 8 External Push button D v v v 

FWB, Inc. hammerCD 8 External Push button D v v 

Hitachi Home Electronics CDR-t900SPC NIA NIA NIA D v v v 

Hitachi Home Electronics CDR-1950S 8- and 16-bit Internal DIP switch D v v v 

Legacy Storage Systems, Inc. Legacy CD-ROM 2x 8 External Push button D v v v 

MacProducts USA Magic CD Pro 8 v External Push button D v v v 

Mirror Technologies Mirror CD ROM Drive 8 v' External Push button D v v v 

NEC Technologies, Inc. MultlSpln 4X Pro 16 v Internal Push button D v v 

Peripheral Land, Inc. PU CD-ROM MS 16 v External Rotary switch D v v v 

Phillps Laser Magnetic Storage CM206/10 NIA NIA NIA Iii v v v 

.Plextor DM-5028 8 External Rotary switch D v v 
DoubleSpeed Plus 

Reveal Computer Products The Enlertalner NIA NIA NIA Iii v v 

Todd Enlerprlses, Inc. TCDR2XMS 8 Internal DIP switch D v v v 

Toshiba America Info. Systems TXM-3401E 8 External Push button D v v v 

Toshiba America Info . Systems TXM-4 101 L 8 External Push button D v v v 

CD Technology, Inc. CD Porta-Drive T4100 8 	 External Push button lil v v 

Dlsclec RoadRunner NIA NIA NIA Ii] v v' 
Express CD-2x 

Liberty Systems, Inc. 115 Serles CDN-P 16 lnlernal Rotary switch D v v v 

Micro Solulions, Inc. Backpack 8 Exlernal 	 Software Ill v v 

selectable 


• =BYTE Best NIA = not applicable. o' =yes. Caddy D 	 Tray Ill 
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'T'ESTED 


READ READ AUDIO CD SINGLE-SESSION MULTISESSION IS0-9660 DIMENSIONS (INCHES) FCC WARRANTY INQU IRY 
MULTISESSION AS DIGITAL PHOTO CD PHOTO CD DEPTH WIDTH HEIGHT CLASS (YEARS) PHONE TOLL-FREE PHONE NO. 

v 9.0 5.0 2.0 B (408) 752-8500 None 1105 


v' 9.88 6.0 2.25 B (310) 533-0274 (800) 441-0222 1106 


v 10.50 9.75 2.25 B (714) 222-6000 (800) 237-2707 1107 


v 11 .0 10.0 3.25 B (714) 222-6000 {800) 237-2707 1108 


v 10.40 8.0 2.10 B 3 (800) 722-9332 (800) 344-4825 1109 


v 8.75 9.40 2.75 B 3 (800) 722-9332 (800) 344-4825 1110 


v 9.75 9.50 2.25 A and B 2 (415) 474-8055 None 1111 


v 13.50 7.10 2.0 B 2 (310) 537 -8383 (800) 369-0422 1112 


v 13.50 7.10 2.0 B 2 (310) 537 ·8383 (800) 369-0422 1113 


v' 13.25 6.0 2.25 B (508) 435-4700 (800) 966-6442 1114 


v 11 .0 9.75 2.25 8 (512) 476-5295 (800) 622-8721 1115 


v' 10.75 9.60 2.0 B (612)830-1549 (800)654-5294 1116 


v 14.60 7.30 2.0 8 2 (708) 860-9500 (800) 632-4636 1117 


v' 8.0 9.0 2.40 8 (510)657-2211 (800)288-8754 111 8 


v 8.19 5.75 1.63 B (719) 531 -0168 (800) 593-4081 1119 


v' 10.43 7.76 2.20 B (408) 980-1838 (800) 886-3935 1120 


v' 7.71 1.62 5.74 B (818) 704-6300 (800) 669-3559 1121 


v' 13.75 6.0 2.13 8 3 (718) 343-1040 (800) 445-8633 1122 


v' 9.80 8.70 2.70 8 (714) 457-0777 None 1123 


v' 10.13 8.0 2.13 B (714) 457-0777 None 1124 


v' 8.0 6.0 1.0 B (408) 752-8500 None 1125 


v 10.25 6.50 2.40 B (407) 671-5500 (800) 553-0337 1126 


v 9.0 6.75 1.78 B (408) 983-1 127 None 1127 


v' 10.50 6.0 2.25 B (815) 756-3411 (800) 890· 7227 1128 
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Introducing the most COMPLET 
NOW you can record your own 
CD-ROM discs. OK, you already know 
that. But what does that mean? And 
what do you really need to record 
your own CDs? 

You see, a lot of companies will sell 
you their CD-recorder, and even more 
will happily sell you their software. But 
only one company provides you with a 

Whether you need to archive data, 
or develop custom CD-ROM discs for 
distribution or multlmedla 
publishing, we have a CD-recording 
system to suit your needs. 

llYJE And unlike other companies, 
.,,.,,,_ we've developed completely 

integrated software 
·~~f;~ble and hardware solu~ions, 

quad-speed drives, for 
even faster recording! 

Get the Facts! 
We know what you need. 
After all, we have the 
industry's only dedicated 
support and engineering team, 
bringing you the most complete 
solutions at the lowest total cost. 

complete CD-recording System so your JVC CD-recording 
solution - JVC. 

We've done It again! 
CD-Recording Is now more 

affordable than ever before! 
Complete systems 

start at just 
52,495 

Available" system is all you need. 

Check These Features! 
With full support for all international 
and emerging C[).ROM standards and 
formats, you can record on your PC, 
Mac or Unix computer and-thanks 
to the ISO 9660 format-your CD can 
be read by more than 28 million 
CD-ROM users around the world. 
Want more? How about mixed-mode, 
CD-I or XA to record your multimedia 
presentations. Or double-speed & 

So call today for your 
FREE brochure, 
"C[).RECORDING: 
The Whole Story." 

714/261·1292 

Jvc·~· 
JVC Information Products 


Company of America 


17811 Mitchell Avenue 

Irvine. CA 92714 


Fax: 714/261-9690 

Distributed In the United Kingdom: Distributed In Canada: Distributed In Japan: 
JVC Professional Products (UK) Ltd CAL·ABCO Victor Company of Japan , Ltd 
Ullswater House, Kendal Avenue 170 Alden Road 12.3-Chome Moriya-cho, Kanagawa-ku Yokohama 
London W3 OXA England Markham, Ontario L3R 4C1 Kanagawa 221 . Japan 
Tel : (081) 896·6000 Tel : (800) 387-4345 Tel: (045) 450­ 1754 
Fax: (081) 896-6060 Fax: (905) 4 75-2333 Fax: (045) 450­ 1760 
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Silicon for 3-D 

The Glint chip brings inexpensive 

3-D graphics processing to PCs 

PETER WAYNER 

The arrival of low-cost, higb-power video chips capa­
ble of rendering complex 3-D scene will, in rhe next 

thre years, transform the average desktop PC into a so­
phisticated graphics workstation. Tbe Oat, 2-D compo­
nems of today ' s user interfaces and applications will be 
replaced by fu.lly functional 3-D objec~ · that can move and 
rotate in any direction. Games, slide presentations, virtual 
reality-even spreadsheets-will never be the same. 

One of the first inexpensive 3-D chips available to vid­
eo board manufacturers is the Glint 300SX from 3Dlabs 
(San Jose, CA). The chip performs all the standard op­
erations of the current GUT accelerator video board and 
render up to 300,000 Gouraud-shaded polygons per sec­
ond. Such a level of performance isn ' t possible from to­
day ' s P . alon ·. You can 1hus think of 
the 300 X as a specia lized extension of 

Most GUl accelerators can draw only lines and rectangles 
as well as copy parts of a screen from one section of the 
memory to another. This is good enough for 2-D work, 
but not for 3-D applications. The 300SX, however, can do 
more. ln adclition to 2-D manipulations. it can draw prop­
erly shaded polygons in a 3-D environment. lt achieves 
3-D realism by making sure that onJy the closest polygon 
to the screen remain· visible to the user. The rest di sap­
pear. The chjp can al o add special effects, such as fog. 

The Local Buffer 
The 300SX has access to two different buffers for con­
structing an image. The main buffer ho lds a description 
of the color of each pixel on the screen. It can contain up 
to 32 bits per pixel: 8 bits each for red, green, and blue. 
and 8 bits for an alpha-b lending constant used for trans­
parency . Thi buffer is usua ll y stored in fast VRAM. 
which contain two port so that the image can be sent to 
the moni tor at the same time the 300SX is changing it. 

The other buffer, called the local buffer, contains up 
to 48 bits of additional information for each pixel. p 

your PU ded icated to 3-D task . 
3D labs cs1imal1.;S it will s II its hip al 

$150 apie e in su itable quanti1i1.;s. Wh n 
lhe 300 is bundl cl with relative ly 
more expensive memory. you' II be able 
to add sophisti cated -D graphics capa­
bilities 10 a P for well under . IOOO. 

Inside Glint 
Al 1hc hi ghest lev I. the archite ture of 
the 300 X is not much different fr m 
tha1of1oday 's G I accelerators. When 
the main processor needs to draw a 1ri ­
angle , for instan e, it sends a li st with 
th col rand 1he three vertices of the 
triangle across the P I (Peripheral Com­
ponent lnterconnect) bus to the 300SX. 
The compactness of thi · s imple mes­
. age allows the main processor to go on 
co other work while the 300SX inte r­
prets the message and hange the cor­
rect pixels on the screen. 

The 300SX, like GUI accelerators, 
relies on an efficient memory interface 
to a frame buffer that contains the values 
of each pixel on the screen. The chip use · 
the interface to stream large ection of 
the sc reen image through its pipeline. 

The 300SX Pipeline 

Host 
commands Qi

N 
c: Scissor Color Alpha 
Q) Texture~ and stipple DOA testiii 
Cll
a: 

Local-buffer 
DRAM 

Qi 
:i:: 
:J Q)Window -9 ·'EStencil Depthclip "§ ~ 
0 

__J 

Frame-buffer 
VRAM 

Qi
:i:: 
:J Q)Alpha Logical -'? :=Dither Q) ~blend operations E ~ 
~ 
u. 

At the front of the pipeline, the rasterizer creates a list of pixels for each primitive received from the host system.The faster this is done. the more respon-
Each pixel thus generated visits the various stages, where it is shaded, given texture, checked for visibility, and 

ive a screen is. written to the frame buffer. Using the infonnation in the frame buffer, the display system outputs the rendered 
But the imilarities ·top at this level. scene to the screen. 
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to 32 bit · of thi buffer i · used as a z-buffer, which contain ' the 
depth of the last pixel drawn at a particular location. When each 
primitive i drawn by breaking it into pixel , the depth (or z-co­
ordinate) i compared with the depth of the pixel that is already 
drawn in the frame buffer. ff this new pixel is closer to the view­
er, then it is drawn into the frame buffer. If it i fatther away 
and effectively eclip ed by the previously drawn object primitive, 
then the new pixel i ignored. 

The rest of the bit of the local buffer can be used to block 
out parts of a screen through stenci ling masks. A common use or 
this technique is to draw cutout lener and render a scene that i 
visible only through these cutouts. In this ca e, the description of 
r.he leuer · i placed in the local buffer, and this control rhe ap­
pearance of the scene. When the 300SX attempts to render a pix­
el, it checks with the e bi ts to ee if the pixel will be visible. 

The Graphics Pipeline 
The feature of the 300SX are implemented by fu ncti onal unit 
arranged in a long pipeline through the chip. The e units operate 
relatively asynchronously and are linked by buffered channels that 
route the information from one unit to another. The various step, 
in the pipeline are shown in the figure ' The 300SX Pipeli ne.'· 

At the beginning of the pipeline i a raslerizer, which takes 
the description of the graphics primiti ve (e.g., the three corner. 
of a triangle) and converts it imo a Ii ·t of pixel" The 300SX wi II 
al o antialias a primitive by computing the partial area covering 
a pixel, breaking the pixel up into ei ther a 4- by 4- or an 8- by 8­
·ubpixel grid. The chip uses this fractional info rmation to better 
detennine how much color ro apply at the boundaries ofrh prim­
itive.. In effect, it blurs th dges slightl y to redu e their jag­
gedne. sand tcJ sm oth animation. 

ach pixel then travels to each fun ti onal unit along th ' pipe­
line. The first unit performs two fu n ·lions: th ' scissors test, whi ·h 
hecks t . ee if th pixel Iii within th absolut houndari s of 

th fram buffer, and th stipple l st. which ·hecks Lo sc ·if the 
pixel lies n predelin ·d da h d lines or meshes. ·xt in lin '. th · 

olor DOA unit c rnputc the correct color of th ' pixel based 
on the col rs at the orn r. f the p >lygon. The 300S uses th • 
Gouraud-shading model t average the col r bused on th · posi­
li n of the pix I in th p lygon. This ensures that two adjacent 
polygons meet moothly. 

frcr c I r shading comes texture mapping. The hardware in 
this unit drnws a textur nt the polygon by d tcrmin ing whi h 
p t in the t xtur pattern i. L b drawn at each particular pixel. 

Texture maps are ften digitized photographs that, wh n mapped 
onto a -D surface lend a great deal of rea li sm to rendered scenes. 
A complete 3-D model of every pebble, bump, and rough. p t in 
a tree, for example, is just too complicated to l c rendered by to­
day'. te hnology. Instead, a rough polyg nal ·1pproximatio11 i. 
u ed, and the 1exture i projected nto it. The JOOSX computes 
the correc t tex ture co lor by interpolating among eight different 
ver ion:. A later version of the chip, the 300TX, hould pr vidc 
true perspective correction for tilted planes. 

At thi s poi nt in the pipeline, the 300SX use. the informati n 
from the I cal buffer to remove hidden pixels. If Lhe z-buffe r 
shows that a pixel would be covered by a previously drawn pix­
el, th n the covered pixel di appears from the pipeline. Similar­
ly, pixel that may be blocked by a rencil or a wi ndow ma k 
are al o removed. 

After the local buffer is accessed, the pixel are ready to be 
drawn into the frame buffer. There are three steps that control how 
a pixel is added to the frame buffer. Th· alpha value (i.e., the 
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last 8 bits of the 32 bits assigned to each pixel) determ ines the 
transparency of the pixel and is u ed to blend the new pixel into 
the previ usly exi ting pixel in the frame buffer. The 300 X can 
al o dither lhe pixel by finding two or more colors that approxi­
mate the desired color if it i. not available in the current palette. 
Finall y. Lhe basic logical operations of OR, AND. and XOR are 
used to control the drawing of new pixel into the frame buffer. 

Division of Labor 
The 300SX doe · many things for the rendering of polygons, but 
it i · important to recognize what it does not do. Although it draws 
haded polygons and u es a z-buffer lo determine which parts 

of the polygons arc visible, this i only half of a 3-D graphics ·ys­
tem. The chip does not actually compute the locations of a poly­
gon's corners or do any of the li ghting model calculations nec­
essary to convert an image into the JjsL of shaded polygons. 

Ln graphics parlance, the 300SX provides the back end- the 
rendering half-of a 3-D graphics pipeline, leaving the host CPU 
to perform geometry calculations. This is the , ame tack taken 
by Hewlett-Packard in its 3-D graphic ·y tern . 

The 300 X does not perform geometry calculations for a num­
ber of reason . First are the practical ones. Although a graphics 
pipeline that docs both geometry calculations and rendering is u u­
ally fa. ter than one that performs only rendering, it i also much 
more ex pen ' ive to implement Beside . most of the computa­
li n nece sary to rotate. caJe, and project objects are easi ly ac­
complished by standard CPUs. The calculation normalJ y in­
volve heavy lloating-poinl arilhmelic, which i best provided by 
a general -purpose P . The high-speed frame-buffer juggling 
that th 00 ' pcrfo1ms is not necessary at this level. A final prac­
ti ·al advantage of I ·uing th host P p rf rm g m try alcu­
lations i. that it allows 3-D performan to s al ulong wi th the 
performance of the P . 

The . 00 X also leaves geometry t . oft ware t avoid political 
pr hlems. Whik most . -D mpani s agr e n the basic st ps 
n"dcd lo uraw 3-D obj cts 11 a s r n. they do not agree >n 
the format or on many of the geometric model. used t repr s ·nt 
3-D ohj ct ·. p ·n Lis a popular ·tandard cl •vet pcd by ii icon 
Graphics and adopted by companies including rBM , DE , 1.n­
tcr 1raph, and Novell. Mier s ft , in fac t. hus made penGL Lhe 
standard . - graphics Pl l'or Windows NT and oth r version. 
of Windows. un Microsyst m. and other., h w vcr. hav oth­
er ideas ubou t gr phic. APls. 

By leaving th geometry calculations to software, the 300 X 
av id · all APl wu rs. Any graphics API can use th rend ring ca­
pabilities ofa 300 on the back end by first using its iwn ·oft­
warc-ba1 d geometric engin to onvert th s ene into a list of 
haded polygons and lines and then pa sing this list to the OOS . 
uch a system also let the geometry engine evolve in the e ent 

that more ornpli ated lighting model r ther improvements 
arc develop d. 

By provid ing boLh 2- D and 3-D acceleration the 300 
positioned to work with today'. GUls a. well a t m rrow 's vir­
tual reality- based imerfaces. A chip like the 00 X become 
more ommon in video di play adapters, oftware vendors wi ll be­
come bolder in incorporating 3-D capability into their products. 
The time is not too distant when 3-D graphics will be as common 
as GUI accelerator .. • 

Pe1er Wayner is a BYTE ('(J11S11lring ediwr based in Baltimore, Maryland. 
Ne can /Jp cnnlllcted on the lwemet ill 1H·111@an:ess.digex.co111 or 011 BIX 
as "pwayner." 

i 
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M'l th Iul "'•rncdi'A PC! 


Get the new .skills you need for ahigh-paying 

career in computer programm1ng1 


Only NRI at-home training 
gives you real-world program­
ming skills in three in-demand 
languages: QBasic, C, and 
Visual Basic, today's hot new 
language designed for writing 
popular Windows applica­
tions . Best of all , you get 
hands-on training with a 
powerful Intel -based 486sx 
computer system, complete 
with CD-ROM drive, Super 
VGA color monitor, 200 meg 
hard drive, Windows, and 
professional programming 
software you keep! 

... NRl, the leader in at­
home computer training. 
sho ·s vou how to take 
advanta iJe of today's 
newest programming 
opportt nities 
Get in on the ground Ooor of computer 
programming, one or today's fastest­
growing career fields . The l3ureau of 
Labor Stal istics fore ·as1 tha1 job 
opponunit1cs fnr programm 11; will 
increase much faster than average nvcr 
the next 10 )'Car , w11h as man)' a. 
400,0 0 ni:w jllbs opening up by 2005 

And the fastest-growing segment 
1>f programmmg jol swil l be P 
progra111111111g, f uekd by the phenom­
enal popularny of Windows and the 
rise of exc1ttng new languages such as 
QBasic, ·,and Visual Basic 

Now, with NRI at-home Lra111mg, 
you can g·t tlir m·w ·kills you need to 
build a top-paying career - even a 
full - or pan-ume busmcs al yl1ur own 
- m thi high-growth, h1gh-opponu­
nny fi Id 

... Get hand ·-on t> p ricn<·c 
ith today' programming 

tool4': a pow rful Multi­
media P , Window , 

3 

llr l . .... , 

' "'~ ' .......the kinds or full-featured. 
powerful programs today's 
employers and cliems demand .. 

call and ready 111cluding programs designed for 
10 help , you go nn IO learnusr tn a Windows environment ' 

lm1gram1rnng 111 three of wd11y'sOnly NR I gives )'OU firs1-hand 
10t1cst languagesprl1gramm111g exp~nencl' with a sLall'­

Ry thr time you Cl)tnple1e of-the-an, lntel-ba cd 486 ·x Lomputer 
system, comp! ·1e with D-R M 
dm·e.Supcr V(,A color monnnr, 
200 mcg hard disk dnw. five full 
megabytes of RAM, 3 '1" Ooppy Jnve, 
mou e, and more - all )'Ours to 1ram 
wtth nnd keep! 

Plus yuu exp lore the cxtn:111rd1 ­
nary capabilities nl three in-demand 
pn grnmmmg languages You learn 

Schools 
\\,lol,\\I I ldl <. t\llllf,\) 11):_ I dlll.lil• I (<'lllL'l 

+h1 1l.1'llll<'dltt\l1\11'11111· '\\\ \\';hhtngt<lll 

to design, code, run , debug, and 
document programs in QBASJC, C. 
and Visual Basic . Best of alL since 
Visual Basic is specifically designed 
for creating Windows applications, 
you learn to generate fully func­
uonal Windows programs, 
complete with text boxes, com­
mand buttons, and other sophistt­
cated graphical interface elemems 

... No previous experience 
necc sary 
Trai n Wtlh NRl, and inunediately 
stan ge lling the money-making JOb 
skills you need Lo be a com- puter 
programmer - no matter what 
your previous background. 

NRJ's step-by-step lessons and 
hands-on programming projects 

help you first master the 
programming design concepts 
used every clay by successful PC 
programmers. With your 
experienced RI instructor on 

your course, you have a clear 
understanding f programming mc1ho<ls , 
I nguages, and technique . and you'ri.: 
read y 10 handle any programrnmg Lask 
wi1 h con fidc:ncc: 

For rar\'t:r Cl>lll"l'S 

appnwed uml..:1 l;I f111l, 
chc-:k lnr der.111,

flL 2LltlL1tl 

YES! '>end Ille 1 he I ll.I I , .11al11g I w 1he. k<'d ,111d sihlW tnl' hl111 Nl\I L<ll1 g11·c me t hl' sktl 1~ 
,111d ,·,111i1dt'lllt• lL• c.1111 )!,tlllU lllPlll')' Ill ,111 (''(l1l111)!, !l('\\' l'~ll'l'l 1H hus11H:~~ ,,f 111\ l'Wl1 

V~ ual Ba... ic, and more Other Computer Career Courses 
- all your~ to \1tll'llll>111putl'r "n' 1ung 

I l,ruhasc \l.111:1.~.:1111·111keep! 
B11nkk.:qrn1g and :\cc11um1ng 

R1gh1 rom the \\ull1mnJ1;1 <;pcu<1lts1 
start, RI gets you 
actively involved 
tn Lhe challenge of Age 
real-world pro­
gramming. Step 
by step, you 
learn to create 

Stat<' Zip 

Check one I RU: catalog only 
Computer Programming 
PL Applrcat1•1ns ~pcualtst 
Progr.Hnn11ng in (_ +... 11·11h \.\ mtlows 
Cnmpu1n-:\1Jcd Dralting 

ume 

Address 

5448-0994 



• • 

I;ear~ computer programmif!g as you 
train with the latest programming tools. 

a 486sx computer system, 
Windows, VisuafBasic, and more! 

_.I couldn't believe NRI gives you a 
computer, loads of ref ereuce material, 

and pmfessio11al software. 
The course has taken my 

lrnowledge of computers mid my 
self-co11fide11ce to new levels!" 

[{pl1" h.1111'·1 \/1/ '' l1.it'l;r 

Here's what makes your 486. . · mini-tower 
computer yslcm tht." idc• I programming •ool : 

..... Full !BM compaubtlu) 

..... l I 1gh -specd lmcl H04H(\S\ t f'l 1 

w11h 25 MH: clnLI< 

..... 	 200 mcgab>'ll' hard di-.k d11w 

..... 	 l meg RAM 1 ns1,tllt:d . plus -I nwg 
Jtld11wnal R:\1\1 , 11 I\ Rl tv1 

..... 	 Window-, graphiu1l 1111t· 1lau.' 

..... 14 " ':> uper VGA color mcnllor vmh llll­
"\\We l hase 

..... I l1gh -dl'n'ill)' ~ 5 111Lh nopp : di k drive 

1')-1 t)i... () 2 Llpcraung sy~Lcm wllh 
~na.,1L 1ntcrprL0 tc 1 

P1orl''i-,1nn,tl rn111pile1o; for pr11grammmg 
111 anJ \'1::.u<1l Basic 

..... 	 New' CD-RO 1 I nw , st1u nJ c<trd .md -;p'<lkt' r" -----------------------------, 
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McGraw-Hiii Continuing Education Center 
4401 Connecticut Avenue, NW 
Washington. DC 20078-3543 
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~ ow, as never before, 
you can succeed as a 
compuler programmer 
NRI at-home tra111111g gives 
vou every1 hmg )'OU need 10 
bmld a high-paying career as a 
l.'.OllljJULer rrogrammer. 
Designed arounC.: a sLale-of­
the-art 486 x computer 
S)' tern , your Lrammg guides 

you smoothly from fundo· 
menta l principles 

through coding 111 
Lhree of toda(s rnosl 
wi lely used computt:>r 
langu<1ges: QBasic, C. 

and \'isual Baste, 
the language 
designed 

exclusively 
for pro­
gramming 
in a Win­
dows 
environmenl. 

Wnh 
NRI . YL'll gel the hands-on 
cxpencncc and the rnnridenLc 
11 takes to master t•'day's 

lm1grnmming challenges A11d . 
)>'er ·at 1ng and ru1111111g yom 
l1wn fu ll-lcng1h programs, vuu 
build ~kill::. you' ll he I rnud 10 
shnw any pro~ pcc l 1\'C ·m 
plnycr or Li 1cn t 

~ ;.,end today lor our 
I REF rntalo~ 
Prepare l1l,W f( r a h1gh-pn)11ng 
<.:arec1 as a Lomputcr program­
mer! See how NRI at-home 
1ram mg 111 (.c11nputer Prn­
gramming gi ve~ )'OU the 
' penen e and Lhe kn w-how , 
the complller and the sofLware 
you need LO get a fas t start in 
Lhis Lop-growth fie ld. Send 
LOciay for your FREE rnrn log. 

ll the card is missing, 
wriLe to us at R! Schools, 
McGraw- Hill Cominumg 
EducaLion Center, 440 I 
Connecticut Avenue, NW , 
Washington, DC 20008 . 
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The Fix Is In for Chicago 

Microsoft has added many 

robust features to the successor 

to Windows 3.x 

.ION UDELL 

C hicago 's new shell will likely capture the lion 's 
share of attention when the product finally ships. But 

ultimately the shell i just one-admittedl y crucial­
Win32 application. lf you' ll be deciding whether, or how 
rapidly to upgrade hundred or thou ands of Window 3. J 
seats to Chicago, you can treat the shell as an ala carte 
item. User who find its features easily discoverable can 
jump right in; u ers who don ' t can be weaned graduall y 
from the tried-an~-true Program Manager, which, like 
any Winl 6 application hould run just fi ne on Chicago. 

Decision makers won' t justify the inevitable pain of 
the most radical Windows upgrade ever olely on the ba­
sis of a better shell. They ' ll need convincing ev idcn ·e 
that hi cago will be a stable, ompatible multitasking. 
manageable. networkablc successor to Windows .x . To 
addr ss these concern. , Micro. ift has built a lot or new 
plumbing into hicago. H1.:rc are . omc of the highlights. 

Stability 
The k y point is that hicago, like NT, s parat . Win32 
applications (and some supporting sub. ysterns) into pri vate 
address spac s. What Win32 appli cat ions? That's a fa ir 
question , given that even Microsoft has yet to step up to the 
plate with Win32 (or even Win 2. ) version. of Word anti 

xcc l. But hicago will be abl t run on many more ma­
chines than Windows NT can, s it ' s rea. nab lc lo ex­
pect to see a signilicant move LO Win32 during 1995 . 

Chicago system. runn ing Win32 applicati on. should 
prove much more stable Lhan hieago or Windows 3.x 
. ystem. running mostl y DOS and Win 16 applicati ons. 
lnitiall y, however, Chicago will have to uppon I t. of 
DOS and Win 16 applications. These should 1un more sta­
bly, too, fo r . everal reasons. hicago track. resource 
such as memory. fil e handles, and GOT (Graphical De­
vice Int.erface) object. on a per-thread basis and run. each 
DOS and Win 16 application on its own thread . Thi. ar­
rangement mean. hicago can reclaim the e resources 
when a legacy application goes belly-up.H a DOS appli ­
cation crashe ·, reclamaLion occurs right away. If a Win 16 
appl ication crashe. , cleanup i. deferred until all running 
Win 16 applications qui t: Windows 3.x lacks memory pro­
tection, and some Win 16 application. grab resource owned 
by other , so aggre ive resource recovery won' t work. 

There's al. o nice improvement for plain DOS mulLi­
task.ing. As with Windows 3.x, multiple DOS boxes share 

the VM (virtual machine) that run the DOS system code. 
Corruption of that VM' s memory in Window 3.x was a 
di saster for Windows itself and for all other DOS VMs. In 
Chicago, Winl6 and Win32 application are no longer 
vu lnerable if-a. i recommended-you don ' t use any 
real-mode drivers. While DQS boxes 1u-e still vulnerable, 
you can opt, at some cost in performance, to guard the 
memory they bare using read-onl y page prote tion. For 
a va lid write, the y tern temporaril y switches the pro­
tection of the destination page to read-write. 

What about Vx.D (v irtual device drivers)? These scary 
denizens of ring 0. which is the highest pri vilege level 
on an 80x86 CPU, play an even bigger role in Chicago. 
They handle caching, installable tile systems, networking, 
communicati ons, and much more. Like NetWare LMs 

Windows 3.x Problem Chicago·Solution 

Runs unstably • separate the Win32 address spaces 
• clean up after failed applications 
• write-protect memory In DOS VMs 
• validate VxD parameters 

Multltasks poorly • schedule Win32 apps preemptively 
• avoid running with interrupts disabled 

Display drWers are lllC)JIOllthlc • layer mlnldrivers on DIB engine 

Hard to manage • fully describe system in registry 
• RPC-enable registry viewer/editor 
• export registry data with SNMP or DMI 

Works poorly with NetWare • Include 32-blt NetWare redirector 
• use IPX/SPX as default transport 
• support UNC for NetWare 

Works poorly on WANs • Include 32-blt TCP/IP 
• support DHCP 
• support WINS 

(NetWare loadable modu les), but unl ike Win32 applica­
ti ons and syst m services, VxDs have full run of the ma­
hinc and can gcr into trouble. 

Mi roso ft ' s answer i Lhat th debug ver. ion or the 
hicago kernel will va lidate parameters passed to VxD 

and so help developer spot trouble before VxD reach the 
fie ld . That. 's a . tarL, but it won' t .flush ciut all lhc nasty 
interactions that can crop up in Lhe fi eld . Moreover, as 
developers rewrite their VxDs to make them pageable 
and dynamica ll y loadable and unloadable. they ' re going 
to di scover and want to use other new tricks VxD. can do 
in Chicago-such as ca lling Win 32 safely in a special 
context known as appy time, or manipulating the schedu ler. 

To ensw·e that all the new VxDs that are bound to appear 
behave in an orderly way, Microsoft could offer to certi fy 
them, a~ does Novell with its LMs. A complementary 
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Core Technolo~es Operating Systems 

approach would be to give developers a flexible, comprehensive, 
safe framework for writing Vx.Ds. This approach would also help 
make Ch.icago and NT drivers source code compatible-. omething 
that Microsoft promised but won ' t in all cases be able to deliver. 

Compatibility 
Micro oft says that Chicago wil l run any application or device 
<lriver that DOS or Window 3.x can run . That ' possible be­
cau ·e Chicago includes Lhe same components that DOS and Win­
dows 3.x use to run those application and drivers. It 's a hybrid 
of 16- and 32-bit technologies. and some major pieces-notably 
printing and di . play- remain firmly rooted in the 16-bit world , 
a fact that raises legi timate concern· among critic . 

But it' s wo1th noting that, de. pite their mixed lineage. these 
Chicago subsystems in some ways surpass what the purely 32-bit 
NT offer, today. In the new printing model , a cream ofGDI com­
mands spools to an enh meed me1afile and then plays back through 
GD! on a background thread. This scheme ensures rapid return of 
control to the user. For developers, it will automate the most pop­
ular reason f'or using thread : to implemenL background printing. 

The di . play . ubsy. tem features a DIB (device-independent 
bit map) engine that, when pointed at screen memory, can serve 
a. a flat -frame-buffer display driver. Because the display drivers 
that ship with Chicago will use the DIB engine as a generic core. 
they shou ld be relati ve ly mall and straightforward to imple­
ment. like NT' s network card and storage mi11idrivers. A a re ult 
driver deve lopers can hook just the all their hardware will ac­
celerate. To create the fiction of a flat frame buffer when the 
graphics hardware i acnia lly bank- ·witched, a are most SYGA­
· las. car<l s, hicago suppli s a mapp r LO which DIB- •ngin -
based display minidrivcrs can mate their bunk-switching ·ode. 
That the DI B engin is a 16-/. 2-bit hybrid. rather than the pure 32-
bit entit y the 101 team wou ld hav pr fcrrcd LO create. undcr­
scon.:s hicago 's commitm ·nt to 16-bit · mpatibility. iv n that 
c.:o nstniint. !he advan c.: sin 1ri111ing and di. play arc promising. 

Multitasking 
Th· 111\lsl tmubling aspct:t or hicag ·s 16-bit compatibility is the 
Win 16 ock. a semaphore th:ll s riali zcs access to the 16-hit code 
Lh :-11 hicago inh rits from Windows 3.x. Both Win 16 and Win32 
applications mu ' la ·quire the s maphor tc a ccs, the windows 
and 101 resources it guards. so both arc vu lnerable to delay 
should a Win 16 appli cation fail co yield . Win32 thread. . since 
they' re preempti vely multitusked. hold the semaphore on ly briefly , 
so th y shouldn ' t block nther thread. for more than a mi Ilise ·ond 
or so. But won't Win. 2 application. monopoli ze the. emaphore 
luring lengthy print job, ? Micro oft claims not, becau:e 1he prim 

Spl)Oler that reeds the enha·nced metatilc to GDI for rendering is 
a 3_-bit , preemptively multita ked e111i1y that grabs and frees the 
lock on a per-GDl-cal l basis. 

Arm hair operating-system de igners may love to d bate hi­
cago's mulLitasking design. but users just want result.. One of the 
mosl wamed results is the ability, lacking in Windows 3.x , to 
handle demanding background communications. T he migration 
of network and di. k drivers to protected mode wi ll help alleviate 
Window. 3.x' . problems with high interrupt latency. Microsoft 
says, as will a concerted effort to identify and tune the pans of the 
system that were disabling interrupts for excessively long period . 

Management 
Chicago ' s manageability flow from its deep and comprehen­
sive . uppon for Plug and Play. At boot time, hicago enumerates 
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In fact , one look at Proxima's Desktop Projector series of LCD pro­
jectors and you 'll know that a new breed of computerperipheral has 
arrived. It's the ultimateway to present information andshare data. 

Look better, work smarter 
Now you can use the same computing tool you 
already use at your desk toenhance theproductivity 
of your meetings. With Proxima's Desktop Projectors, 
eve1yone can see, share, and shape info rmation to­
gether. That's what we call Desktop Projection. It 
helps build consensu in meetings; lets workgroups 
create project schedules, budgets mid other documents 
more quickly- and leads to faster, smarter decisions. 
And that saves you lime and money. 

Desktop Projector 2800 shown above. 

ACE controller system 
for superb computer 
and video images 

ADesktop Projector? 

It" not just tl1e innovative, li ghtweight 
design . Or the remarkablyeasy-to-us· 
control . ft's not even thebrilliantly 
vivid computer and video images it so 
effortlesslyprojectc;- even in well -li t 
meeli ng rooms. 
It's all of thi: and more. 

Of course,youcan also project brilliant presentations that captivate 
your audience. Not on lydo Desktop Projectors let you incorporate 
sound, motion , and our amazingCyclop.•cordless mouse, but 
theyeliminate th n'ed for slide. , flip charts, and tran:parencies. 

Any computer, any application 
Proxima's Desktop Projectors connect ju. t likea 
monitor to anyPC or Mac and work with your fa­
vori te productivity-enhancingsoftware. Starling 
as low as $4,995, there '. a mod I for almost any 
budget or application- from high-performance 
color to multimedia projection. 

Portable Desktop .
So whether it's a.ales presentation, management Projectors qo where 
discussion, or training session , Proxima's Desk- the action 1s. 

top Projectorseries lets you project the power of yourcomputer in 
themeeting room. 
For more information or thedealer nearest you, call us today. 

1-800-447-7694 

PROXIMA® 

Projectingthepower ofyour computer in themeeting room"' 
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Projector and Desktop Projedion are trademarks of Proxima Corporation. Other trademarks are the property of 1espective owners. 
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all buses and device on the ystem and records these in the sys­
tem regislry, so it know a lot about the hardware it's running on, 
and that lay a good foundation for system management. The 
RPC-enabled (remote procedure call) registry editor will enable 
remote monitoring (and in some ca e reconfiguration) of Chica­
go sy tern.. The regi try data wil l also be exportable ro other 
management tools u ing SNMP, DM1 (Desktop Management 
Interface), and potentially other protocols. 

What' lacking, unfortunately, is an equivalent way to manage 
software. Chicago' s performance-monitoring tool and proce­
dures aren ' t yet on a par with Lheir NT counterparts, and they 
may till not be when the sy tern ships. The event-logging APls 
that NT appUcation and drivers can use to record status and er­
ror information in the registry don ' t exist at all in Chicago. That 
Chicago sacrifices Win32 features such a~ Unicode, asynchronous 
110, and 32-bit GDI coordinate is troubli ng, but the lo s of event 
logging is really tragic. Managing oftware i ultimately an even 
bigger problem than managing hardware. A golden opportunity 
to lay a foundalion for soflware management is slipping through 
Microsoft's finger . 

Networking 
Window 3.x's poor network citizenship, particularly on Net­
Ware LANs, has been an endless annoyance. Chicago will bring 
major improvement in this area, starting with a bundled Net­
Ware redirector that integrate seamJes ly with native Windows 
file- and print-sharing services. The eparate NetWare dialog 
boxe of Windows for Workgroup 3.11 are no more, and UNC 
(Univer al Naming Convention) works the same way for Win­
d w and NetWar re. ourccs. New smans in th redirector . houkl 

nd the madd ning Window .x propen. ity to hang upon I sing 
ontact with a NetWarc s rvcr, Micro oft promises. 

A l'u rth r sign of Windows/NctWare d tente is th fact tha1 
hicago' s d fau It network protocol wi II b • Novell'. lP I PX. 
hicago's internal 1 r rver can al o piggyback on these uri­

ty s rvices of hoth TA (NT A Ivan eel crvcr) and et Ware 
servers. Thank. to pass-through authentication, you can share 
y ur driv with user-level . e urily, rather than the less-di. ­
criminating share-I vel security ava ilable in Wind w. ~ r W rk­
groups . 11 . This nifty inn vation leverages the user databases 
maintain d by NTA 'and etWare. 

hi ago also offers a systemwid log-in manager, ailed mas­
ter key. 11 can tran. mit a single ·et of credentials, which may be 
validated loca lly by hicago r remote ly by NTA or NetWare, 
to many pa.sword-protected service . . The mai l client will be th 
fir t ro exploit the master-key AP! , but olher application can, t o. 

Alt.hough Chicago default. to lPX/SPX, it will include the 
new T P/lP feature that are now (in June) available in beta 
form for Windows for Workgroups 3. 11 and NT Daytona. Specit:. 
ically, Chicago is a DH P (Dynamic Host on figuration Proto­
col) client and a WINS (Window Internet Naming Service) 
client. DH P. which governs aut matic, on-the- fly allocation 
of IP addresses, radically simplifies address management in large 
T P/IP network•. WlNS, whi ·h maps between network name 
and fP addresses, likewise simplifies the admini trative effort 
required to suppon browsing for named resources on routed net­
work . The current plan is Lo offer DCHP and WINS ervers 
only on NT. I hope these servers will show up on Chicago as 
well. • 

Jon Udell is a BYTE senior tech11ical editor a1 large. Yo tt can reac:il him 0 11 

1he /111eme1 or B/X a1 Jude/I a bix.com. 
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Object-Oriented COBOL 

The great-granddaddy of procedural 

languages may soon be stepping out 

in its new object-ori ented shoes 

RICK GREHAN 

C OBOL may be, depending on your opinion of it, 
the Franken tein or the Lazarus of computer lan­

guage . . Either by it own inertia or by irtue of its struc­
ture, it i unkiUable. Opinions aside, ii is mere fact that 
there is a great deal of COBOL code out there being exe­
cuted. Estimates run to billions of lines of code, repre­
. enting untold programmer-years (possibly prograrnmer­
decade or even programmer-centuries) of work. 

On the one hand. there's the force created by that mass 
of working code. It works. so common sense suggests 
that you leave it be. On the other hand, new technologies 
in hardware and software appear daily . Entrepreneurial 
sense sugg 'SI!> that an enormous ben fit wou Id b · ti·­
ri e<l from adapting those xisti ng programs to the new 
tcchnol gies. Such is th clilemmn facing B L pro­
grammers as they survey th• obj ·ct-ori ented landscap 

CautiousSteps 
B L pr >gramm ·rs fa ·c maintainability with mon.: se­

riousness than llhcr programmer . Yicwini.: the learn ing 
cliff climhed by programmers as they assault the ++ 
summit. BOL programmers might reasonably argue 
that the ++ w rid spcn Is all I< o much time looking for­
ward and not enough look ing bnek. Their co111plainl is 
not that ++ ·ompilcrs ar unab le t support ·~>de, but 
that no ca. y path is pro ideu to tum a program into a 

++program . 
Because OBOL program. ar running critical appli­

cations such as payro ll an<l g nera l ledger po. tings. they 
represent corporate ac ti vities that cm11101 die, lest they 
take the corporation wi th them. Hence, the com munity 
r B L programmer. is willing to enter the obje t­

orienLed world onl y in a series of sma ll. well -orche. trat ed 
. tep .. 

Dan larke, Object Ori ented Product Manager of Mi­
cro Fo u " i_ndicate. that what the OBOL cqmm uni ty 
want is twofo ld . It wants . ome rea. surance that there 
will be extensions ro OBOL that will all wit to partic­
ipate in the object-01iented game. imultaneously, it wants 
lots of rea surnnce that ex isting code won "t get broken 
in the move. 

The Job 
ANS I is putting together a pecification for 00 (object-ori­
ented) COBOL. Currently, only draft documents e isl, 

and the .shape of 00 COBOL is necessarily in flux a, 
meetings of the Object Oriented COBOL Ta k Group 
tX3J4. I, in ANSI-speak) continue. 

Presently, the draft documents provide good descrip­
tion. of what 00 COBOL cl as and method definition. 
will look like. TI1ere appears to be indeci. ion as to whether 
00 COBOL will support ingle or multiple inheritance, 
but all the fundamental object pieces are there: clas e . . 
mes. ages, encap. ulation , and polymorphism. I wa · sur­
prised at how robu ·t the draft specification appeared, giv­
en that COBOL lacks some ba~ic facilitie you need to 
build object orientation. 

Take, fo r example. the entire notion of object refer­
ences. COBOL doe n ' t have pointers. Remember. thi is 
a language whose developers were more interested in 
modeling the goings-on of financial calculation and book­
keeping than in developing clever abstractions of CPU 
addres. ing mode . Tmplementing object.. however. de­
mands . ome form of handle data con. truct-that i. , a 
small . . ingle data item that references a larger data struc­
ture, LL ually built a a pointer to a pointer. No such notion 
exists in current BOL: it will have to be iul'used into th 
language ( ia the USMi r clause. a modil'i r plac·d on a 
data description entry). 

Thi~ is just the tip of the iceberg. however. How, while 
remaining as true as poss ible to the spirit or tht.: OB L 
syntax, cou ld you outlit th language with objc ·t-oricntcd 
notions such as inherit anc" methods, and instance data? 

AGlimpse 
A sample of what object-oriented OB code might 
look like appears in the li sting. The li sting is bas u un 
object-oriented c ten. ions 10 BOL that arc now ava il­
ab le from Micro Focus anu ar. based Oil a draft pul lo­
g thcr by AN l' s Objec t Orienteu B L Tas i.. roup 
(X3.1 4. I). You ·an get still more inf rmation from Ray 

bin 's book Object 01'ienra1io11: An /111rnd11 c1i1111 .fi1r 
OBOL Pml{rw11111ers, available fr m Mi ro Focus Pub­

lishing: it includes a good description or Mi TO ocus's b­
ject-oricnted extensions. 

I cannot overemphasize this caveat: The code shown is 
based on draft propo. als. Examine it with Lhc und ·r­
standing that there may h di ff ·r nces between what you 
read here and what will : urvivc to the finali zed spcciti­
cation (not uue ou t until al least 1997). Nor do I intend to 
imply an end r. ement of Micro Focus; I am u. ing it ex­
tensions as a basis only, because they provide a snapshot 

f the cun-cnt 00 COB L . peci fi cation. 
In any case. the li sting show an oversimplified defin­

ition or a :avi ngs account cla ·s. su ·has might appear in a 
banking app li cati on. The CLAS I D phra e in the identi ­
fication division not only name. the clas. being defined but 
also inuicates its superclas. , if any. via the optional ! i'I 
Hl:RJTS phrase. In the listing. class savings account i. 
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Simple 00 COBOL listing for a savings - account class. 

IDGNTIFICATION 01\llSION . 

CLASS - JO . savings - account INHERITS FROM accoun 

ENVIRONMENT DIVISION . 

OBJECT SECTION. 

CLAS - CONTROL 


ace unt. 
!DENTJrICATJON OfVISI N. 
CLASS-OBJECT . 

DATA OIVJSlON. 
WO~K!NG · STORAGE SE Tl ON . 
01 total - numbe - of-accounts PI C 9999 . 
01 savings-accourit-details . 

05 interesl-rare PIC 99 V9. l. I
05 minimum·balance PIC 9C6)V99 . -IOENTIFlCATION OJV!SIOU. 


METHOO·lD . rese minimum - balance . 

DATA OJV!SION . 

LINKAGE SECTfON . 


01 new-minimum-balance PlC 9 ( 6lV99 . 
PROCEDURE DIV I SION USING new-minimum-balance . 

POOOl . 
MOVE new-minimum - balan ce PIC 9(6)\199 . 
EX TT METHOD . 

END METHOD reset -minimum - balance. 
ENO CLASS - OBJECT . 

lDENT!FICATlON Dl V!SfO N. 
OEJECT . .. 
DATA OIV I SLON . 

M HOO-IO . p1 intStatement . 

OA A DI VISION. 
 .,WO KIN1 TORAG src ION. 

01 d]spl yt11tere,,c; t PI C c l9. -· 
PRO~lOUR DlVISLON. ,,. ..., 
P0002 . 

DISPLAY · savings Al Cb~nL " . 
NVOKF. Sll l R " P. rl Lcl em·n " . 

INVOJ< 4n r'e " g V11l ue " RFfURNl G L mp l n r 
MQV rnpI1 tar I Iii playlo r t . 
ll i <;P IAV " In >r. P'' d: " di spl ylnler
r 1r M moo. ...J 

ND Mll HOD pri 11 t S a · men _II ~ 

NO OllJ r. r .-· " ­

CND CLASS avi 11q s cct oun c . ,.. .. • ~ 

Yet Unseen 
l~ORKlNG-STORAGE SECTION . There are more aspects of OO COBOL that l haven' t 1.:ov­01 interes USAGl OBJECT REFERENCE. 
lOENTlFlCATlON Dll/15JON . ered here: they are nonetheles important. One is the no­.._ 

a s uhc l us~ of' c luss acro1 11 1t. The Cl ASS CON I 1{0 1 paragraph. 
which follows. inclucfos inl'ormatj on Lhat tell s the compiler where 
it can locate implementation definitions if the acro1.rn t dass. 
(Different 00 OBOLs wi ll use vary ing techniques to connect 
a class naml.! to its i111plementation: in thi s cast:. I' m presuming 1hat 
tht.: comp iler recognizes tha1 1hcrc is onl y one a< co un t dass, 
det'int.:d elsewhere in the source code.) 

<Hice that CLAS . CONT HOL foil s within the OBJ EC I Sl:C I I ON. 
where class ohjects arc defined. Don't con fuse class objects with 
object~ created by the class: only one class object. exi. ts per class. 
Data ca rri ed hy the c las. objec l is global data- ana logous to 
s la l i c data defined within C++ classe. - acce sible by all objects 
created by the class . In the li sting, all sav ings accounts will have 
rhe same interest rate and 111inimum balance. so these data fi elds 
reside in the eta. s object. 

Similarly , method. defined for a cla. s obj ect manipulate onl y 
the eta. s obj ect 's data. Again. the li stin g shows a res~l-m i n i ­
lnL•ITI ba I a nee method that allows the program to set the mi ni mu111 ­

ba l a nee field. C lass objects also carry methods for creating and 
destroying instance object5, although none i. shown in 1J1e li sting. 

Jn thi case. the compiler would create defau lt methods for 
creating or destroying an object. 

The definition of objects created by the c lass follows in 
the OBJECT paragraph. Data i tems in the 1.JORK l NG STOR 
AGE SECTION arc instance variables. In thi case, the in­
. lance variable is a reference (a handle, i f you will ) to 
another object. an i nteres object. . ote that data items 
that you would expect to find in all types of accounts­
holder ' s name. address, ocial security number. and so 
on-wi ll be defined in the parent object. acco un r.. 

You can see some of the other elements of 00 COBOL 
if you examine the pr i ntStatement method. Fir.L. you 
can create temporary vm'iables (d isp l ay l nLerest in the 
example) that have lifetime and scope only within the 
method. Next, you can see that messages are sent tc objects 
using the IN VOKE verb . In the example. the sav i ngs 
acco Lint object sends a print S ateme n t message to its 
upercla sand then sends a get Value message to the i n ­

teres l object. Finally , the invocation of the getValue 
method demonstrates how methods can return values. (The 
example docsn 't show how values are passed into methods. 
You do this with the US I NG phrase. which you insert in 
the i N\I OK E command line prior to the RETURN l NG phrase. ,... l ngoing arguments are listed af ter the US l NG gerund .) 

tion or i11te1fac:es. a kind of inhe1itance mechanism that al­
lows an ihjcct to present on set or methods to 1he outsid' 
wurld at one ti me and a separa te se1 at anol her 1 i me. In­
terface tlcl'i niti ons wi ll al. o allow COB L (wi 1h the 
help or 1ra11slatms) t(l provi de a mechani sm lo produce 
an IDL (i nwrfacc defin it ion language) li te. This is an •c ­
cssary st1.:p for allowi ng C BOL objec ts to make them ­
selves availnhlc lo the 1 ut sid~· w11rld vi ·1, say. an ohjcc1 rc­
ques1 hrok..:r as def'in d by ~ RB A (Com mon Ohjcc1 
Request Broker /\rchitc turc) . 

Al Boston' s ' umputcr Muscu111, upslai rs in th People 
and 0 1111 utcrs area, you' II find a hizarrc c ·hibit that co 11 ­
sisL'> or a gray tornhstonc. th top ir which has been sculpl ­
ed 10 look Ii kc a sheep . Engraved on the tombstone is 

·· ~OBOL''; i1 is dnt..:d 1961 . According ro museum employet.:~ , the 
cxhihi1 was lonatcd by ~omeonc w ho was working on 1he early 
specifications r OSOL and was rnnvinced that the then ­
arguing members or the specification. committee (probabl y the 
CODA. YL- < nference on Data Systems Languages- group) 
would never cc me LO an agreement. Perhap~ the donor thought t11c 
tombstone a.joke; maybe he legitimately bel ieved thal OBOL 
would die earl y . 

In fact. h1 wever , OBOL is no joke, and it' s n1)t dy ing. And 
if 00 COBOL catches on, 1he language ·ould be more al ive 
1han ever. • 
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Thanks to new ObjectView

Desktop,the folks at Powersoft 


will tie getting alot of mail. 


The evid n e is in, and PowerBuilder$}9900 Desktop is oul. The response to newm• - IObjectView® D sktop has b en astounding, 
and its reputation continues to grow. Every day, more and more 
desktop d velopers are choosing Obj ctVi w D sktop from 
Knowl dgeWare to build robust client/server applications. 

And why? For starters, Obje tVi w D sktop is easier 
to learn and use. Whil some programmers struggl with 
PowerBuilder and its proprietary language for months (not 
all successfully), you can put ObjectView Desktop to work 
immediately. And when you do, you 'll discover that it packs more 
power than PowerBuilder Desktop. Not only will you develop 
robust applications faster,you'll build faster applications, too ­
up to 40 times faster than those built with PowerBuilder, 
according to independent benchmarks. 

Pinally,Windows®- based ObjectView Desktop isn't just a 
better product. It's abetter value. It comes with native database 
drivers for Oracle, Sybase, Microsoft SQL Server and lnformix, 
and middleware access to all popular desktop databases. (You 'll 
pay more than $2,000 to get the same database support with 
PowerBuilder Desktop.) Also included is a free copy of Gupta's 
SQLBase. 

Need more evidence? Then we suggest you buy both. 
After all ObjectView Desktop and PowerBuilder Desktop both 

com with 30-day mon y-back guaranl s. Aft r you lest th m 
h ad -to -head, return th one that doesn't measure up. 

We suspect Powersoft will have many unhappy returns. 

Quotes from people who know the in 's and out's about 
client/server development: 

"Knowl dgeWar hasupped th ante for desktop develop rs .. .W believe 

Obj ctView Desktop could I apfrog Powerso fl 's desktop offering to 


implement true client/server applications at a lower-cost entry point." 

Peggy Ledvina, Meta Group, "KnowledgeWare Makes aPower Play for 


Desktop Visual Developers:· Press Release, April 5, 1994. 


"KnowledgeWare has thrown down the gauntlet not only to Powersort but 

also to thedba evendors." Don DePalma, Porrester Research, 


"Low-End Client/ServerTools MayFuel Price War," ComputenJXJrld, April 11, 1994. 


" ...it [ObjectViewl is easier to learn and use than its compelitors and 

offers amoreeasily customized development environment:' 

Patricia Seybold, Research Group, "Development Tools [or 


Client/Server Applications," 1993In-Depth Research Report Series. 


To order ObjectView Desktop and take advantage of our S199 limited-time 

offer, including 30 days of free support, call: 1·800-675-2100. 


Also ask about our special bundle for the ClearAccess report writer. 

In CompuServe: GO KWARE 


[i] KnowledgeWare* 
Solution:-. At \.'\fork 

0 1994 KnowlcdgeWare, Inc. ObjectView is a registered trademark or KnowledgeWare. Inc. 
All other lrademarks belong lo !heir respeclil'e holders. 
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GRAPHICS & MULTIMEDIA ACCELERATOR 


Lynne - Graphic Designer: 
"Color. I need rich beautifUl colors infine 
tktail. The colors on the screen must 
match the printer. Andspeed. When 
I make a change, I want it on the 
screen instantly. Nothing Jess will do. 
"ATI's GRAPHICS PRO TURBO 
give me the 

best image qudity in 16.7 million 
vivid colors at high resolution 
1280xl024 graphics and with 
superior speed and an easy-to­
use color calibration feature." 

Precise color calibration 

Doug- Power User: 
"On!Y AT!s GRAPIDCS PRO TURBO 
metMYspec! I wouldn't settle for less 
for my new Pentium computer. It is 
not just the fastest Windows peiformer 
overall: 42M Winmarks with 256 colors 
and 28M Winmarks in true color. It also 

comes waded with Windowsfeatures, such as the ability to 

instantly switch color and resolution without leaving 
Windows, and FlexDesk+ an advanced oftware panel 
to control color, re elution, desktop and m ti n video 
acceleration. ATI' GRAPHIC PRO TURBO ha a 
omplete set ofdriversfor all the other operating 191stems." 

Hany -Ardutect: 
"Detail A{y drawings a11d models have 
incredible detail. l need resolution so harp, l 
could cut my fmger on it. Peifomtance and 
r.olor are 
criti al 

in both 

DO and 
Windows. And, I want a 
graphics card that will reduce 
rye strain."ATI's GRAPHICS 
PRO TURBO gives fast true 
color at high resolutions 
under both DOS and Wmdows. 
It comes with fast and feature 
rich drivers for nry CAD applications. 

After I'm done, I can unwind tl1e day 

with an exciting game. Onlyfast DOS 
peifo1mance makes that possible." 

True color and enhanced user 
controls for AutoCAO 

''/knew what 

/wanted" 


I GRAP.HICS 
-

PRO TURBO™ 

64-bit VRAM Accelerator 
Fast 42M Winmarks (4.0) 

16.7M Colors at 1280x1024 
Enhanced Windows Utilities 

NOW SHIPPING! 

WINDOWS AND DOS PERFORMANCE* 
I ,.. , ·~ .WINBENCH 4.0 


2S6 Colort ~=PlllCS PRO TURBO 42M 


All ORAPlllCS PRO TURBO 2BM16.IM Coln111 l.MG&lr.1i 

PC BENCll 8.0 " " • •-·· 
All ORAPlllCS PRO TURBO 442'JVGA 
IMG.&llltii~11 
liip1t1 .. ... 

Outperforms other accelerators in Windows. 

• Fast professional true color accelerator 
• Up to lOOHz refresh rate 
• Enhanced drivers for Windows, OS/2 PM, 

Windows NT, CAD and DOS 
• Available for !SA, PC! or VESA Local Bus 
• 2MB upgradable and 4MB versions 

available 
• Five year limited warranty 
• Priced at 2MB $449**and 4MB $699** 

ATI TECHNOLOGIES INC. 
33 Commerce Valley Drive East 
Thornhill, Ontario Canada L3T 7N6 
Telephone: (905) 882-2600 ext. 4441 
Facsimile: (905) 882-2620 
CompuServe: GO ATITECH 

Perfecting the PC 76004,3656 

Copyright © 1994 ATITechnologies Inc. ATI, GRAPHICS PAO TURBO. FlexOesk+. and mach64 ore trademarks and/01registered trademarks of ATI Technologies Inc. All other company and/or product names are 
trademarks and/or registered trademarks of tl10ir respective manufacturers. Features and specifications are subject to change without notice. Product ma1·not be exactly as shown. Color suppon shown for 
4MB versions. Features shown for Windows versions.• Performance levels may vary for other operating systems. Benchmarks done on 2MB PCI graphics cards at t024x768 in 256 colors and 800x600 in 16.7M 
colors 70Hz with lOOMHz Pentium. 16MB memory, 420MB hard disk using Winbanch 4.0 and PC Bench 8.0.••Suggested US retail prices, dealers may sell tor less. 

http:l.MG&lr.1i


Networks Core Technolo~es 


Optimizing Notes Replication 

Proper scheduling makes 

a world of difference 

DAVID VAVIN 

L otus promises that ote wi ll change the way com­
panies do bu ine s, and judging by the product' ex­

plosive market growth , that promi. e i being taken very 
eriously indeed. But while Notes user enjoy increas­

ingly pleasant user interfaces and sophisticated applica­
tions, network managers are discovering- the hard way­
that running Note efficiently is not alway a simple task. 
In this discu sion. J'll focu on an often-underrated cau e 
of uboptimal performance: ineffective replication ched­
uling. 

As a pioneer in di tributed databa e technology, ote. 
may be the first and most vi ible product to suffer from 
large-. cale cheduling woe . But with the advent of o­
vell 's Net Ware Directory ervice and replications rvi es 
for database servers from Ora le and yba. c, the issu 
of replication scheduling i. moving t the r>refronl. Buy­
ers anti vendors alike should rai se their level of aware­
nes. about this potentially riti al issu . 

From Concept to Reality 
T day 's global organizations need to provide their geo­
graphically di stribut d workgr ups with the ability to 
a ess and manipulat shar -d inf rmation . Bui because 
of technical l imi 1ations and telecommunications costs, 
relian on remote access to centrally localed data is often 
not feasibl 1.:. 

L( tus ores provides a ·onc ptually simple and cle­
ganl solution to thi. problem: Id nlical copies of the shared 
Note. <latabascs are distrib­
uted :o that user. do th bulk 
of their work on their local 
copies. What makes this. o lu­
tion work i. the concept of 
replicatio11 , a pr ess in which 
a pair f server (or a . erver 

Given hourly replications that never 
last more than 1 hour, how long does It 
take to propagate an update from one 
server to the others? With a hub-and· 
spoke topology !left), the best case Is 
between 2 and 3 hours, and the worst 
case is between 5 and 6 hours, yielding 
an average propagation time of 4 
hours. But a square topology (right) Is 
the optimal solution for four servers: 
The best case is between 1 and 2 
hours, and the worst case is between 2 
and 3 hours, for an average time of 
just 2 hours. 

and a workstation) communicate to synchronize their re­
spective copie of shared database.. 

The concept i a simple one, but the road to effective im­
plementation can be rocky. Notes is not immune to the 
u ual WAN (wide-area network) ai lments: international 
incompatibility of modems, unanticipated network con­
gestion, and insufficient bandwidth. Fo1iunately, network 
managers know how to deal with these problems. But 
they ' ve yet Lo acquire much experience with another prob­
lem that 's critical to the health of a otes network- repli ­
cation cheduling. 

Data propagation between servers i · governed primar­
ily by a fixed, network-wide replication schedule. That 
chedule, and the logical topology it implies, dictate how 

updates now through the system. Organization often un­
derestimate the impact that the topology and replication 
. chedule can have on the performance of otes as an en­
terprise-wide application. 

A well -planned flow, tailored to your . pecific infra­
structure and u age patterns avoids uneven erver work­
loads and excessive network congestion. Topology and a 
r ' plication s hedu lc can b de i. ive fa tors in dctermin­
in' whether your Notes n !work can propagat . hared 
informali n quickly n ugh Lo support th business pro­
cesses thal you want LO automate. What follows is a s e­
nario involving two organization~ und 1h irrespective 
approach ·s to their replicalion problems. 

Tales from the Trenches 
Organization I is a round-the-clo k operaiion. Its 75 of­
fices, which ar · scatt •red around 1he world , are in t rcon ­
nect ·d by the mpany' s priva1c n lw< rk . Each offi ce 
runs a Notes server. Rapid distribution of new inf' rmation 
has always b ·n cru ial LO many of the rganization 's 
busi n s. processes. r o111i1111ed 

The Impact of Topology and Scheduling-A Sinple Example 

A 

Assume replicatlons are sctieduled In the following order. 
H<=>A, H<=>B, H<=>C,H<=>A, H<=>B, H<=>O•... 

Best case: The update on Aoccurred just before an H<=> Areplication. 

2hours <propagation time <3 hours 

Worst case: The update oo A just missed an H<=>A replication. 

5hours <propagation time < 6 hours 

Average: Avera90 time foe lull propagabon: 4 hours 

B A 

c H 

Assume (j>arallel) reptlcaliQns are scheduled In the fotloWlr)g order! 

H<=>A I B<=>A I H<=>A I B<=:>A 
C<=>B C<:>H C<=>B C<=>H... 

Best case: The update oo Aoccurred just before tho hour. 

1hQor <propagation time < 2 hours 

Worst case: The update on Ajust nvssed a replication . 

2hours< propagation time < 3 l"Mlurs 

Average: Average time for lutt propagation: 2 hours 

SE PTE MB E R 1994 B YTE 20:1. 
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Organization 2 is a conglomerate of 15 loo ely affili ated fran­
chise located throughout Europe and the . . The fra nchi . es 
communicate over modems and rely on large vo lumes of hared 
(and frequently updated) in fom1ation. Over time, several hun­
dred N te databa .. es have evolved in thi s organization. Many of 
the e database. are distributed LO mo t or all of the erver., and 
·ome conwin very large. frequently updated documents. 

with replication. being initiated by erver in fi ve di fferent time 
zones accord ing to calling chedules that were not centra lly co­
ordinated- partly because ote provide no tools for managing 
cros. -time-zone scheduling-there were many 'Chcduling con­
!lict ; again, thi s resulted in lo ·tor delayed replications. 

Clearly. Organization I needed to cut back on the number of 
replication being made and take some of the load off the main 

Orga ni zation I wa nted a 
replication cheme that would 
propagate any update a soon 
a pos. ible. Since replication 
between two erver transfers 
only those change that have 
occun-ed sin e the two erver 
last replicated, and ·ince com­
munication costs on the pri­
vate network were not an i ­
. ue, organi za tion officia l 
figu red th y c uld replicate a 
frequentl y a they wi shed. 
They dec ided to u e a hub­
and-spoke topology. A central 
hub would initiate replication 
wi th all other servers every 45 
minutes. 

Organization 2 et up conti­
nental bub , each one replicat­
ing with all the ·ervers in its 
conti nent : th two continenta l 
hubs also rep licated wi1h ca h 
other. Rep lication ·cheduling 
was clone more or less on an 

Tips for Effective Scheduling 

Know the duration of your replications to help avoid verly 
tight cheduling. Don' t make unfounded a sumption 

concerning how long replication . hould take. 

Don't waste resources by replicating unnecessarily. For 
instance, if you' re n 9-to-5 operation, ther • · · probably no 

poim in having your New York erver replicate with your Zurich 
. erver after lunch time (EST), · ince nobody in Zuri h will 
generate or need information until the foll wing morning. 

Seek to introduce parallelism-that is, concurrent 
replication -into your scheme. Hub-and- poke topology 

i simple, but it's also the lea t efficient method, . ince the hub 
can replicate \ ith only one ·poke atn time. The model of 
regional hubs that was implemented by Organization 2 . how 
one way ef introducing concurrency. While the main hub is 
replicating with one reg!Mal hub. other regional hub can 
imultaneou·Jy replicate with their poke . To reall y appreciate 

th · impact nf' topol gy and schedul ing on 1urnar und time, see 
the f1gur' . 

hub . omprehensive per­
server and per-database anal y­
sis of replicati on howed that 
the highl y active databases 
were not replicating to all the 
ervers. The frequency of repli­

cation. wa therefore cut back 
wherever pos ible, and anoth­
er hub was brought in to share 
the effort with the oLiginal hub. 

Orga ni zati on 2 needed a 
new, centrally planned sched­
ule. comprehensive analy­
si of the duration of replica­
tions with the variou poke 
helped indicate how large a 
window needed to he reserved 
for each repl ication to avo id 
conflict .. lt al o showed that 
the European hub could not 
efficien tly handle replication 
with all it. . pokes, . o regional 
hubs were in1roduccd to h Ip 
di Lribute updates rnorc cfti­
cicntly. Th sys1e111 was care­

ad hoc ba. i .. wi th n real master plan ancl m cent ra l ntrol. 
The orga nizati on end I up wi th one dail y replicati on schedu led 
between 1h ' huh. and . orne spok .. and two or three dai ly rcpli ­
cuti )ns belwccn the huh. ands me oi ln · spokes. II wus decided 
that the member fa pair of rcpli ·:uing servers to initiate the 
rep lication would be the on · loca1ed in the ofti cc resp m. ihle fo r 
1hc phone bills. 

Problems and Solutions 
There was on basi prob! 111 with rganizalion I's reasoning: 1.hc 

crhead involved in Nol s replication. Rcplica1ions-e en emp­
ty rcplicati ns 1ha1 pull no darn- arc fo r from free. Both servers 
must expend a . ignifica nt amount of time and re. ources just to 
identi fy whether any updates need to be pulled fr m the olh r 
server. TL can ea ily take 30 . econd. (and som Lim ' · mu h longer) 
ju. I t detem1in th:ir n rh ing need to be done. a burden when thi. 
process mu. l occur mor than 100 time. per hour. 

As a resu lt, the hub was freque ntl y fo iling ro complete a ail­
ing cycle before it had to start a new round all over again , and 
. ome unfortunate p kes were con. istently dropping off the end 
of the li st and not getting replications. Moreover, all that repli­
cation acti vity put a significant strai n on the hub and caused se­
riou congesti on. 

Organization 2's replications were far from empty. Becau. e of 
the large volume of data, the low line.. and the replication over­
head involved, a typical rep lication would la t anywhere fro m 5 
minutes to an hour. and ometimes longer. In:ufficient awarene. 
of the duration of replicati n thr ugh ut the . ystem had cau ·ed 
ma ny replicati on to be scheduled too clo e together; co nse­
quently, they were often lost or significantly delayed. Moreover, 

fully mapped out , uncl, taking in10 consideration such issues as 
1 i me-zon di ITercnccs and u. age pull rns. a n 'W. more cffi ci nt. 
and more reli ahlc s h' dule wa. de. ign d. 

From Reliable Replication to Optimized Propagation 
uccessful tuning of a br ken repli at ion sy. tem is worth a pm on 

the ba ·k. But ensuring tha1 updates get whcr they' re n·ed d i. 
not en ugh. pclate. must also arri ve iv/ie11 they' r' needed. gain , 
the righ1 1opology and rcplicati n sch du! are the key factor!-. . 

It' s imp rtant t realize that de. ign and mai ntenance of your 
repl icati on scheme is nei1her a ide is uc n r a ne-time thing. It 
is no less important than server administration network man­
agem nt. and applications <level pment. 

Whi l you may need to seek out ide help e pe ially f r major 
overhaul , you should a. pi re to breed (or acquire) in-house ex­
perti e so chat you can . tay n top of your evolvi ng Note! network. 
Jn addition , u er of ote. and other disui buted-datn pr ducts have 
a ri ght to xp ct mu h more powerful 1ools for analyzing and 
modeling data fl ows than ar now ava il able . 

l f your Note. ne1work s em to be dragging its feet, it may 
be wearing the wrong ropo logy/scheduling shoes. Cu. tom-fit it 
wiLb a. go d a pair as you can, and your orga nization and it: 

ote. network ju ·t might start dancing to a smoother tune. • 

David Yavi11 holds a P/1.D. in 111athe111aticsfro111 MIT i11 thejields o,ftopology 
and co111/Ji11atorics. Formerly a research fellow at the Max- Planck Institute 
ofMathemmics in 801111. Gen11a11y. he is pres idem ofDY. Analytics (Nell't1111. 
MA) mu/ has worked as a con ·11ltallf ro ·ome ofthe world's largest Notes users 
011 issues of topology and replication scheduling. He cc111 be reached 0 11 the 
l111eme1as david@ 111arh. 111 i1. ed11 or011 BIX c!o "editors." 
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2 Xl:L 1 fr~ l11op 
modem· offn 
high rrllahrlr t • 
wulrorH hi~l r ro11 

ome mod m use rs don't ar if their lata g ts hung 
up, tra n mits ina curately, r if they hav to r dial sev ral 
tim s. Mo t mod m u ers do. for them th re's ZyXEL, 
the fu ll -feaLured fax mod ·m fo r seri us us r . 

ZyXEL Ian I and cellular modems get Lhr ugh where 
others fa il. They' re spedally cl si ned to overcome po r 
signal concliti ns on th physical layer wi th features like 
fast r train and auto fa ll -forward/fa ll -back. Th i. means 
ZyXEL m dems onnect th fi rst Lime and c min u 
transmit data accurately at ultra-high speeds up LO 
l 9.2 Kbp *over land lines (with DTE speeds up Lo 
76.8Kbp ) and 14.4Kbps over cellular nelworks. Fax 
speed is 14.4l<bpsN. l 7. lL's the kind of performance you 
only ex pect f'r m high-pri ed modems-but with 
Zy EL iL doesn't cosl more. 

ZyXEL dala/fax/voice/cellular modems have m re 
features than other modems of any price- like digitized 

I Ire new Z XEL 
porwble- the 
firsr rr uloswft h 
111otle111 {or lr111d 
wrrl cellular lines. 

v i capability, distinctive ring, multilevel security, 
industry standard data compression and error corre Lion 
protocols, and much more. 

When iL omes t c ll ular, no th r m )d m om s 
do · to ZyXE L. Wi th the Zy ellular option, your modem 
is not just fast and re liable. IL wil.I also communi ate in 
asyn hron us/synchronous mode at l4.4Kbps. The 
Zy ellular autoswiL h capability automatically switches 
y ur modem from land Lo cellular when land onnections 
are lost. Zy ell ular is the ideal backup for leased lines as 
we ll as f r mob ile ·ommunications. 

ZyXEL modems work in all environments-DOS'", 
i\lindows", S/2 , Macintosh , NeXT , U lX® and 

Amiga'". o get serious about saving Lime, cost and effort 
wi th true modem reliabiliLy. Don 't wait. 

CalJ ZyXEL now­
800-255-4101. 


ZyXEI.• The Intelligent Modem 
4920 E. L1 Palma Avenue, Anaheim, CA 92807~runswith 

(7 14) 693-0808 FAX: (71+) 693-0705Net'Mire 
BBS. (714) 693·0762 

1!11 All 1r:tdtmar~ arc thoe propc:nj' of 1hcm respecm't .,.,'fltn- • PLLiSScnHcnl)· ~ptu. ttuiu ..\lbJCct t.:>clunsc Wltlwu1notK't 
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each the World's Largest 

Malket for IT Services at 


ERVICES™ 194 
A L L 

The Information Technology Services 
and Support Conference and Exposition 

mber 5·7, 1994 • 
~ a ta Clara ConvHtion Center 

Santa Iara, CA 

• Tap a $52.8 Billion Market 
The U.S. is the world's largest market for information technology 
services and support. As industry and government seek ways to 
maximize their IT investments- through downsizing, re-engi ­
neering, enterprise-wide and open systems- spending on IT 

services and support will soar even higher. And so will 
opportunities for service providers. 

IT Services '94 is the Answer 
IT Services '94 is the Qcly national marketing event that gives you face ­

to-face exposure with high-level IT professionals. CIOs, CTOs, informa ­
tion resources managers, MIS/DP professionals, network managers, 

r--------------------------------------,I 
D YES, I'd like my share af the $52.8 ! 

billion IT services market. Please send me : 
more informa~on about D attending : 
D exhibiting in IT Services '94. i 

Name : 
Ti~e__________ 
Company_________ 
Address _________ 

City/State/Zip _______ 
Phone( __)______ 
Fax ( )______ 

Mail or fax this today to: 
Creative Expos and Conferences, Inc. 

28 Bubbling Brook Road 
Walpole, MA 02081 

Tel: 508·660·7099 • Fax: 508·668·2416 

© 1993, CEC 

contracting officers, technical managers, self-maintainers, develop ­
ment and operations teams- the people with the power to make or influence 
outside contracting decisions- the people you need to see. 

It's the Qcly event that covers the complete scope of IT services and support­
from conception to integration, including pre- and post-implementation... 

• Professional Services 
• Software Support 
• Systems Support 
• Express Distribution 
• Specialized Services such as equipment financing and leasing, training 

and education and much more. 

Plus, IT Services '94 hos strong support from industry leaders induding BYTE, 3Com, 
Bull HN, Digital Equipment Corp., lnfocorp, International Doto Corporation, Hewlett 
Packard, Novell/Unix System Laboratories, IBM and Microsoft Consulting Services. 

Plan now to get YQ!!!. share of this 

lucrative market. Call Creative Expos and 

Conferences at 508-660-1099 to reserve Produced by: 

your exhibit space today. 




.JERRY POURNELLE 

Don't Blinl{ 

F!ntafluge is back. This is the big Pentium ystem I wrote 
about in June. It features a DEC 3107 1.05-GB 9-rnillisecond 
SCSI hard drive, a Maxoptix T3-1300 optical drive, a Mi­
cronics Computers 60-MHz M5Pi motherboard, a Plextor Dou­
ble Speed Plu CD-ROM drive, and a Di tributed Processing 
Technology SmartCache ill SCSI caching hard drive controller. 
It's a11 wonderfully fa t. That' putting it mildly. Thi sy tern is 
awesome, and you must understand I don ' t usually say thing 
like that. This column is going to be full of superlative . First, 
though, the problems. 

etting up Pentafluge wa heer fru tration. If you'r con­
templating an act of penance, try CSI. It took me two day ; 
reading thi may av you part of that. 

Mo t of the problem wer my fault in th . n that th y wer avoidable if 
I'd be n more lever and had studied the ituation b tter. However, I didn 't want 
to pend my time ' tudying badly written manual . [t wa ea .ier to ju t tart in. 
Be ide , y t ms w rk b tter aft r I've . creamed at them. 

My previous work left Pentafluge unable t l sy ·terns arc prone t t rmination prob­
find the opti al drive and tlffli ted by mysteriou · lem , and the cab! used for internal [ is 
gli tches in lhe sound quality. J' ve since solved subj ct Lo the prob! ms of any ribbon cable, 
both problems. namely , that Lhe connc tors may not have been 

The sound-quality glitch s go away if you crimped on properly and aren' t making full con­
don' t use Berkeley screen savers in Wind ws; if tact. We ve had this dif!iculty incc P/M day, . 
you must use them, set 1hc111 up for internal ontact enhan er liberally applied t the cable 
peaker · und. When Berkeley creen aver. ontacts seems Lo help. [ ve written ab ut ta­

try to empl y high-quality wave-tables unds bilant 22- expensive but effective- bef re. 
Lhey grab Window r ources and never quite let This i. another u for it. 
go of all of them. Over time, thi s degrades the Wide ribbon cables can cau e other problem . 
·ound in all y ur app li cations. At lea t one Big heetah (my 3-MHz 486DX/2 machine) 
Berkeley technician claimed thi wa really a recently developed sere n fl ashe · and other 
problem in the Creative Labs ound Blaster driv­ video glitches. When l op ned him up, Tfound 
ers. Id n' t believe that, however, because I can that the hard drive cable wa blocking airflow to 
get the problem when T'm running Logitech' s Lhe video board. All my custom sy tems u e PC 
SoundMan and A Tl Technologies' ound-card Power & ooling power supplies ( ee my June 
sy tern. column) which have trong fans, but no fan can 

Pentafluge' s early problem. had more than blow air through a cable. When you install CSI 
one cause. There was hipment damage to the devices, pay attention to cable routing. 
power :upply and motherboard. It wasn ' t quite One problem with etting up SCSI ·y terns 
enough damage to have cau ed the problem ·, i that if omething won't work, you don 't know 
but we also had a bad SCSI cable, and apparently if it's the cable, or the termination, or the CSI 
one of the devices wasn't properly terminated. device it elf. Fortunately, there ' s a remedy. 

colllinued 

Awrestling match 
with a new 
Pentium machine 
and graphics card 
produces a 
winner: the fastest 
system yet at 
Chaos Manor 

ILLUSTRATIONS: JAMES YANG C 1994 SEPT MB E R 19 94 BYTE 2015 



Granite Digital makes a serie of products, 
Active Diagnostic Terminator and Gold 
Diagnostic Cables. that let you diagnose 
cable problem . . 

For in tance , you can connect one of 
your devices to the host computer using 
your own cable, terminate that device with 
one of their SCSI Vue Terminators, and 
the blinking lights wiU oon tell you where 
the prob lem is . It' s all explained quite 
clearly in the Granite Digital document . If 
you're going to pend any time connecting 
external SCSI device , you need these 
product . Granite Digital makes them in 

didn '

a variety of configuration for both 
Mac and PCompatible . 
Recommended. 

Granite Digital's termi­
nator and diagno. tic cables 

t help with my problem, 
. ince all my SCSI devices are 

internal. We replaced our 
SCSI flat cable with one 
known to be reliable and 

checked the te11T1ination resi tors to be . ure 
the hardware wa reliable. 

That didn't end my problems. The 
next difficulty was that CorelSCST couldn t 

find t.he Maxoptix T3- I 300 optical drive. 
This was odd, because that much of the 
sy tern worked b fore l went off on a trip. 
The error messages indicated t.hat the drive 
wasn · t ready, but J had an optical crutridge 
in the drive. Not forrnaued, I thought, but 
the CorelSCSI fomiatting tools couldn 't 
even find the drive! It reported the hard 
drive, the caching hard drive controller. 
and the CD-ROM drive but nary a ign 
of the optical drive. 

The next few hour. are too painful to 
relate in detail. First, we didn ' t bave all of 
DOS on the mach ine, . o when I tried to 
edit the CONFIG .SYS file, EDIT would 
not work because QBASIC.EXE wasn't 
in tailed. LapLink took care of that. and r 
sent over Norton Commander for good 
mea ure. ommander i. a great way to 
view and edit configuration fi le . 

Once 1 had an editor, l tried literally 
everything I could think of, but nothing I 
did changed the situation. Finally, after 
hour of futile effort, I looked at the opti­
cal cartridge in the Maxoptix drive. It wa 
a Pioneer cartridge. 

We had originally planned to put a Pio­
neer internal optical drive in thi sy tem, 
and l had got a couple of Pioneer cartridges 
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ready for that. Moreover, we have long 
had a Pioneer read/write optical drive ru an 
external device on Little Cat C, the an­
cient Cheetah 386/25 that runs the Pioneer 
DRM-604X Minichanger CD-ROM drive 
and other network a. set . 

The problem is, Pioneer optical car­
tridges are compatible with nothing else. 
The Maxoptix drive use. standard ptkal 
cartridges available from 3M and other 
ources as well as Maxoptix, but Pioneer 

drives read only Pioneer cartridges-which 
means nothing else can read the Pioneer 
fomrnt. [ . houlcl have known that, and per­
hap I did. 

What caused me hours of rage and grief. 
though, were tho e error me. sage . lf 1 · d 
u eel an unfomiatted Maxoptix cartridge, 
I' d have gotten a proper error mes age. 
Likewi e, if there were no cartridge in the 
drive at all, the ystem wou ld have re­
ported it correctly: but the Pioneer car­
tridge fit right into the Maxoptix drive, 
and when that happen. , the machine gee. 
terribly confused. 

My troubles still weren't over when J 
got the proper cartridge in the ystem. 
CorelSCSr, it turns out, has both DOS and 
Windows capabilities. I installed the DOS 
version of CoreJSCS l before 1 installed 
Windows on Pentafluge. on the theory that 
you gel it working with D b for trying 
Windows. It wasn't a lot of trouble 10 do 
lhc Wind ws installntion , but you can ' t 
int rrupt th installation without starting 
over from s rutch ; there's no way to in­
: tall without expanding and copying a zil­
lion Ille. from f"lo1 py LO hard di sk. 

We now had both tJ1 D-ROM and 
Maxoptix drives available to Windows ; 
but there was nly 400 KB or main mem­
ory left in the system. If you run mostly 
Window. application · thi . i. no problem, 
but I've got a bunch or DO ' applications 
that I need; and 0 /2 solves that pr blem 
nicely. You can have all the memory you 
want in every DO window, and even 
have differ nt 0 FIG.SY and AU­
T EX .BAT flies for each of your DO 
applications. 

Alas, I'm not sure all th is fast new hard­
ware i 0 /2-compatible; and if DOS and 
Window tup are purgatory S/2 in­
stallations can be death and damnation. l 
wasn't ready to face that with dead lines 
coming. That doe n' t mean rm ready to 
abandon OS/2, which just keeps getting 
better; but ne thing at a time. 

The next step was LO exit Window and 
run QEMM 7.03's Optimize. If Optimize 
can ' t pack DO and all your TSR pro­
grams into high memory , it offer to try 
Quarterdeck' s Stealth iechnology. We had 
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Stealth working on Pentafluge the last time 
it was . et up, but that wa with QEMM 6. 
This time. QEMM reported it couldn ' t use 
Stealth because it couldn't find the INT 
13 handler. [don't know what that means, 
but J told it to go ahead without Stealth. 

It did, the computer booted up, I did 
ome te t and all wa well. I had 570­

KB DOS window . not really big enough, 
but it would have to do. l went to bed. 
Next morning l wanted lo button up the 
system, so J turned it off. When I turned it 
back on. it wouldn ·r boot. It would get to 
the pan where it was upposed to load 
MSCDEX and hang up. 

I booted up with my panic floppy di k. 
Clearly, we were having some kind of 
memory problem . l looked into CO ­
FIG.SYS and found we were loading 40 
buffer . Surely that was wretched excess 
for a sy Lem with 4 MB of hardware disk­
cache memory? Tcut that to 20 buffers and 
attempted to reboot. The machine hung. 

Once again I" II pass over an hour of fu­
tile effort.. What finally gave me a clue 
was to boot while holding down the Alt 
key. That keeps QEMM from loading, and 
of course nothing will load high if you do 
that· but the sy. Lem did boot. J then went 
through CO FIG .SYS and AUTOEX­
EC.BAT and removed all trace of previ­

us allempts to load anything high. 
I founu that something had truncated 

the ommanu String in A T E E .BAT 
thai loads M .. . In parti ular. the I 
sw it h (for extended-memory u. ·) was 
mis. ing: and you can't load that high with­
out the /E switch. I don't know what trun ­
ated that sla t.cm nt, but logic says it ha l 

Lob• QEMM 's Optimiz ', b ausc the I 
switch wa. in earlier saved versions of A ­
T X .BAT. In any ·vent, I restorcu 
that sw it ch. stripped hi gh loadin g off 
everything, and ran ptimizc again. 

Ron artore designed the heetah 
sy tem and knows a, mu h abou t systems 
architecture as anyone l know. He's cur­
rently working on P I (Periphera l 0111­

pon nt Interconnect) bus products . Ron 
think · Lhat S SI ought l.O be carried out 
to rhe Mindanao Deep and thrown over­
board. The La Jolla Trench woulcln '1 be 
deep enough. 

There wer time. the pa. t couple of days 
when I . hared Lhat pinion. C I can be 
complicated. On the other hand, il doesn't 
have to be. Apple proves that. Moreover. it 
will work with the P J bu ; it must, be­
cau e Apple i. moving to PCT in a big way, 
and they're . ure not abou t to abandon 
SCSL A I aid last month after the C l 
Summit fast S SI i probably the wave 
of the fuwre. 

In my case, SCSI was frustrating a 
all get-out 10 get working properly but 1 
did manage to do it ; and J now have a su­
perfast sy tem, with 615 KB of memory in 
DO , 597 KB in DOS windows, and 597 
KB with orton Commander a a hell. 
That s plenty good enough. The Maxoptix 
T3-1300 optical drive works omething 
wonderful, both locally and acros. the net­
work. The DEC 3107 hard drive is the 
fastest one I have ever seen, and the Plex­
tor Double Speed Plus CD-ROM drive 
goes like lightning. SCSI is bard to get go­

ing, but it sure work when it's going. I've 
always had fast disk operations at Chaos 
Manor, and I've never had anything like 
thi . DPT DEC, Maxoptix , Plex tor, and 
Micronics make one heck of a Penti.um 
sy tern . 

When Pentafluge came back from San 
Diego, where Larry Aldridge. wapped out 
its motherboard, it had a #9GXE64 PC! 
local-bus video board from umber Nine 
Computer. J couldn't find the umber 
Nine distribution floppy di. ks, but I have 
the Windows drivers on another machine. 

Flowcharts 

AnyWayYou 


Want! 

Introducing 

Flow Charting"'4 
for Windows! 

We've re-worked the basics to mak Oowchurting easier and more flexible than 
ver. We all it sen.l'ible technology. The ' nd r ·suit is a flowcharting program 

that is incredibly powerful, yet remarkably quick to learn and u. . Ancl it's 
packed with everything lloweharters want. Her ·'s u . ampling: 

ensibleLines'" are totally ed itable. 

You've n ver experi 'need anything 

like it. xp ·riment with the look 

of your charts! 


ct your point across thanks to 

distortion-free shap ' sizing with 


ensibleShap . '". 

SensibleTcxt '"- Word procc sing 

masterfully designed for flowcharts 

- it works the way you expect! 

Job-specific ·hape templates let you 

reatc the perfect chart for Lhc task 


at hand. 

Snapshot '" your preferences. Your charts 

look great every time. 


And Flow harting 4 i · backed with a 90-day no-risk guarantee. Our legendary 
po t-buy support in ludes free unlimited technical support free ub ·cription to 
The Flow harter'" and access 10 valuable nowcharting re ources. 

For flowcharts exat'l/y the way you want. you need Flow Charting 4 for Window ! 
See your local dealer today, or for a rree interactive demo, call now: 

(800) 525-0082 ext. 114 
Lnternational: (40 ) 778-65"7 

Pauon & Pa11011 Software Corponuion 485 Cochrane ircle. Morgan Hill , CA 95037 
All com un amt >roduct namci. Eire 11'ltde.rni11k~ or re lstcrcd u:IDcmarks of 1be1r It!.\ tivc owners. 
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so 1 didn ' t worry about it I ran the board 
in tandard VGA re olution of 640 by 480 
pixels until I had Windows for Work ­
group set up and Pentafluge connected 
into the network. I then brought over the 

umber Nine subdirectory from another 
machine. 

Unfortunately, that did no good. You 
can ' t in ·tall the drivers without an insta l­
lation program. and the in tallation pro­
gram didn ' t copy into the Number Nine 
subdirectory when we did the original in ­
tallation . There wa. no way I was going 

to test that #9GXE64 board. 
The good news wa that we'd just re­

ceived ATl Technologies ' Graphic Pro 
Turbo Mach 64. Despite the rather silly 
name- Mach numbers aren ' t very mean­
ingful when describing video, which, after 
all , goe. ac the speed of light, and. I don't 
think my computer has any turbines- it 
promised to be a very fast board indeed. 

Installation of the Graphics Pro Turbo 
Mach 64 wa extremely imple. Plug it in , 
turn on the machine, and run the in talla­
tion program from floppy di ks. 

The A Tl installation program told me 
that the board will operate at a re olution 
of 1280 by 1024 pixel and 16.7 million 

color with the EC MultiSync 5FGp 
monitor. l'm used to 1024 by 768 pixels 
and have found jt good enough, o 1 began 
with that. At that re olution and 2,000 
colors, I got an awe ome 128.8 Win Tach­
ometer reading at 32-bjt pixel ; at 16.7 
million color and 24 bits per pixel dis ­
played the reading was 227. This board 
i fast. Note, too, that we ' ve now got 
enough color to do ome eriou picture 
editing-and enough speed for erious 
video editing. 

At a resolution of 1280 by 1024 pixels, 
we get Win Tachometer readings ranging 
from 132 to 246, depending on resolutions 
and color depths. I fear we' ve run pa t tbe 
capability of the Win Tachometer bench­
mark to discriminate. Once you get past 
120, you're not likely to notice perfor­
mance differences unJes you' re doing re­
ally big CAD display . When we switched 
to dithered text, we got a Win Tachometer 
reading of 162, and the text is beautiful. 
The Wind Surfer Video for Window. sam­
ple A Vl (Audio Video Interleave) float 
through the air with the greatest of ea~e. 
and even full , creen while it' pretty 
grainy, the action i smooth. 

It wa n' t long ago that we thought get-

Ling the Win Tachometer reading up from 
J2 to 16 was a significant improvement. 
We al o thought ATI' dithered Crystal 
Font were beautiful, but too slow to be 
used in daily work. Now we have an-or­
der-of-magnitude better speed even with 
beautiful font . The hardware performance 
increase aren't ju t more of the ·ame; 
they give you capabilities you never had 
before. This machine is wonderful. 

The 16.7-million color mark (24 
bit per pixel aka "24-bit color") i im­
portant, too. That's as many colors a the 
best PC scanners will recognize; the num­
ber is al o close to the maximum the hu ­
man eye can di criminate. For picture 
touch-up, say with the high-end Micro­
grafJ< Picture Publisher, this i pretty much 
the standard . You can now buy a card , a 
monitor, and a computer capable of all the 
colors and resolution you need- and all 
for less than a king's ransom. In fa t, you 
can buy such a etup for les than the 
maintenance on a profe ional photo ­
retouch station of five years ago. That" s 
real progress for you. 

And remember: these new cards are still 
fa. ter, courtesy of PC! and a galloping 

Your Choice of Keyboard Monitor Switches 

Access multiple computers with a single keyboard and monitor 

to cut equipment costs, save valuable space, and end clutter 

• Switch by keystroke, from front panel ,or AS232 port 
• Two orfour 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 Rose products: Print servers. printor sharing units. 

Call toil-free now 
for xour copy of our 
Switching and Sharing 
Solutions catalog. 

• 	 LEDs display selected CPU and CPU power-on print buffers, keyboard monitor extendors, video splitters.
Keyboard controlled unit All Rose products are US-made and ha v• a t ·year warranty.• Scan function switches among CPUs automatically 

ZEE 
I t J 4 I I 1'............. 


Manually controlled unit 

• Simple pushbutton operalion 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 AS232 or PS/2 mouse interface 
• PCB construction for high reliabil ity and low crosstalk 
• Rack mount, matrix, and customized units available 

Typical Application 

CPUa/Sorvers 

Make the Rose Connection V.:1~) 
ELECTRONICS 
ROSE 

10850 Wilcrest Drive• Houston, Texas 77099 •Phone (713) 933-7673 •Fax (713)933-0044 1 -800-333-9343 
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4428H $27.00 

If card is missing, write to: 

The Computer Book Club, Blue Ridge Summit, PA 17294-0820 


8820251P $24.95 
Softcove<4270H $29.95 

Select any 5 books
lgry $~5 ~ues W $227.70) 

plus 1 book FREE upon prepayment 
when you join the 

The Computer Book Club® 

111853P-XX 129.11543S8H $39.115 4210H 131Jl6 4491H 1311.115 Count• aa 2/Softoovor 

4282 H·XX $39.95 
Coum1 ns 2 

03154 1P-XX $39.00 
Counts u 2 

3049P·XX 129.96 
Count&1111 2/Sohcover 

3280H 138.96 

As a member of 
The Computer Book Club . .• 
.. .you 'll enjoy receiving Club bulletins every 3-4 weeks that 
contain exciting otters on the latest books In the field- at 
savings up to 50% off regular publishers' prices. If you want 
the Main Selection do nothing, it will be shipped automati­
cally. If you want another book, or no book at all, simply 
return the reply form by the date specified. You'll have at 
least 10 days to decide. If you ever receive a book you don't 
want, due to late mail delivery of the Bulletin, you can return 
it at our expense. Plus, you 'll be eligible for FREE BOOKS 
through the Bonus Book Program. Your only obligation is 
to purchase 3 more books during the next 2 years, after 
which you may cancel your membership at any time. 

All bool<o are hllrtk:o;itt unless othm...oo noted Pl,tblt$hllf$' prices shown If y0u ~eol a boo!< 1ha1 counta 
~s 2 chpoces. Wllltl the boOk numHe/ In ooe bo~ aJld XX "'lhe next. A shlpplnglhandllng cha1ge & SllieS 
ta• will be ack!OO 10 all 0<ders. © 1994 CBC 
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Sone<Mff 
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technology, than "mere" l 024- by 76 
pi xe l. 256-color job of two year · ago. 

So: what doe a fire-breathing y tern 
like this cost if you put it together yourself? 
Micronic. Computer. · 60-MHz M5Pi 
motherboard , I 099 . An lntel Pentium 
$800, and that' s coming down not long 
after you read this. Sixteen MB of mem­
ory, 800. The DEC 3 L07 hard drive. 
$ I 000. PC Power & Cooling' tower ca e. 
Turbo-Cool 300 cower-model power sup­
ply Pentacool fan, and I I 0 Alen Plu 
alarm, $542. Plextor Double peed Plu 

The BEAUTY is Lost 
Without 9?J;a[ Motion 

CD-ROM drive. 549. DPT SmartCache 
IIJ , base $245, as configured here, add 
$555 for the caching module and $495 for 
4 MB of memory. orthgale OmniKey 
Plu. keyboard, about $ 100. The A Tl Tech­
no Iogie Graphics Pro Turbo Mach 64 
graphics card with 4 MB of memory, $699. 
The NEC MultiS ync 5FGp monitor, 
$ 11 75. Thafs $8059 for a system with e­
riou. photo- and video-editing capability. 

Adding a sound system is ea. y: 
Creative Labs' Sound Bl a~ter 16 S SI-2 

with the Wave 
Blaster work. just 
fine. We a lready 
have a SCSI con­
troller, so you can 
go for a sound ca rd 
only. You can pay 
as much a you like 
for speaker . We have the Creative Labs 
Multimedia Kit with Labtec speaker , and 
it ' about $450. Finally the Maxoptic T3­
l 300 optical drive i , 3495, but you 've 
now got the capability for storing all the 
edited photos and video images you want 
to play with . Ala, , 16 MB isn' t quite 
enough mem ry for editing at really high 
re olution ; you should go to at least 24 
MB , o add another $400 to the system 
cost. 

The key oftware is Window and 
CorelSCSl to get the ystem running and 
Micrografx Picture Publi her. You ' ll al o 
need some CD-ROMs of pictures to play 
with.We're till just under $12,500 for a 
system with truly awesome capabilitie . . 

Awesome is not too strong a word. 
Alexi in the other room running the Corel 
Profe ionaJ Photo sampler CD-ROM . l 
keep hearing " Wow!" and imilar expres­
sions: and when I go in to look, r. ee why. 
The color di. plays on the Multi Syn· 
5FGp monitor . t to a res luti n of I 280 
by 1024 pi xels and 16.7 million c lors 
with lhe 1raphics Pro Turbo Mach 64 are 
a. good as your sta ndard drug slorc color 
enlargement '. as g d a. Lh . anner that 
read th min, and th y' r digital , , o they 
degrade in decad . - and you can mak 
perfect opies b fore 1hcy do. W w! 

.Ju. 1 art ·r 1 wrot all that, the Numb r 
Nine soflware arrived , . o I had LO try it. 

umber ine's: Lup nm. only under Win­
dows. meaning you have to us 1he Win­
dows. et up utility Lo chang Wind ws over 
Lo plain-vani lla V A before you can install 
the #9 XE64 board pr perl y. nee that's 
done, everything goe .. moothly. 

Th #9GX ·64 board co. Ls about $ I 00 
less than the ATI board . ft ' not as fast, 
but fa. l is a relative term al speed like 
thi s. If you read in a big picture al high 
resolutions, th umber Nine board take · 
noticeably longer. but noticeable is a mat­
ter of a econd or so. When using Corel 
Profess ional Photos as a screen saver (and 
i1 ' s so beautiful you' ll probably want to 
do that), the picture changes take consid­
erably less than a second with ei ther board. 

Thi. #9GXE64 has only 2 MB of mem­
ry, so it won ' t do 1280 by 1024 pixels in 

millions of colors. That difference i quite 
noticeable. Having said that, I have to add 
that if we had started with the umber 

Ever feel that you must be missing something when 
you watch the jerky visuals In a tiny window accom­
panied by a tinny soundtrack on your "multimedia" 
PC? 
Real Motion gives you what you 've been missing. A 
decoder board that supports the MPEG compres­
sion standard used In the new VideoCD format, 
Real Motion brings true full - motion video to your 
PC, In a window that can be scaled to full screen. 
Not only that, but Real Motion gives you 24 -bit 
True Color Images and realistic 16-blt stereo CD­
quallty sound. 
See what you've been missing ? Games, multime­

dia applications, music videos and even movies, 
the way they should be--ln Real Motion. 

YUAN YUAN ENTERPRISE CO.. LTD . 
No.54. PJley 2. L<rie 76. Sec. 6. Hsin~ Rd .. 
Taipei. Taiwai. R.O.C. 
TR : 886- 2-7590370 
FAX: 886- 2-7268845 
YUAN TECHNOLOG YU.S.A. 
1031 Oregcn Way. Milpitas. CA 95035 U.S.A. 
TEL : 408-934-0608 

FAX : 408-934-0508 
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Now you can tak off between Windows and U IX applicaUons 
using asimple mouse iu1d a lngl user interface. Your users 
onlyhave to learn one mod of operation. And you only have to 
support on• interface. 

WITH MULTIVIEW DESKTOP, YOU'LL 
FLY BElWEEN WINDOWS AND UNIX. Now you can travel 011 all protocols.

That's because With just one user interface.
MulliVJew DeskTop 
upports more connections th<m anyone. All serial connections. 

And all major protocols, Including IPX/SPX, DECnet and the 
wid t nmge of TCP/IP transports. And if you don 't have a 
TCP/ IP transport we ll glv you on free. 

Youalso gel accurate, high-perfonnance terminal 
emulation of all the major UNIX consoles and terminal 
types. Plus a noaiing pal ue with tool bar,status bar and 

configurablebutton bar for simple operation. MultiView 
D kTop also integrates your PCs and UNIX with Dynamic 

Data Exchange (ODE) U1at allows your users to make 
fast r, more infonned decisions. And th ycan cut and 

paste between Windows and UNIX application , share 
printers and customize their desktop in minutes. 

So no matter how or where you work,MultiView 
DeskTop provides terminal emulation, multiple platform 

connectivityand integration in one package. Which is exactly 
what you would expect from JSB, thecompany that pioneered 

Windows Sockets technology. q ""!9. 
Formore infom1ation and a free 30- ~· 

day evaluation of MulliView Desk'f'op, call J.SB­
800-359-3408 today. And start flyingAND MAKE All YOUR CONNECTIONS. nonstop to al l your applications. 

ine board, I'd have been so impre ed I 
might not have gotten around to the A TI 
board this month. The images are very 
good, and the board i very fa l. But the 
ATl board is clearly more o, and l mu l 

confes I went back to it after giving the 
#9GXE64 a fair trial . 

If you want to ave money-e peciaHy 
if you don ' t have a monjtor that can take 
real advantag of the ATI board 's color 
and resolution- I recommend Number 
Nine's #9GXE64 a a lot more than good 
enough. 

l al o have Diamond ' late l video 
board. Diamond ha sworn never to be 
beaten in benchmark performance o I m 
prepared for anything. Next month, we'll 
do a comparison; but the ATI board is fast 
enough for just about anything you'd want 
Lo do, it ure is easy to install , and the col­
or reproduction is awe ome. Highly rec­
ommended. 

We were in a hurry to look at video­
this column i being done at breakneck 
speed because l'm pa t deadline . Al o, 
my son PhilJjp' ship leave for deploy­
ment to Afrjca tomorrow morning, mean­
ing we have to be in San Diego by din­
nertime tonight. Thus, we grabbed the firs t 

image-editing oftware we saw in the pile. 
This proved to be Image Wizard from Im­
age Ware Software. 

Image Wizard i a moderately priced 
program for doing photo editing, and it 
doe the job quite well. It doesn' t have the 
resolution and feature of Picture Pub­
li sher, and it seems to have some prob­
lem at very high resolutions-tho e may 
be due to our having only 16 MB of mem­
ory in Pentafluge- but it' quite easy to 
in tall and u ·e. 

l f you' re goi ng to. pend 12 gra nd on 
hardware, you'll probably want Picture 
Publi ·her, but if the notion is to get a good 
enough image-editing ystem and every 
dollar counts, Image Wizard is a very good 
way to go. It has fearures like independent 
object editing, various- ize brushes, and 
prays and fills, and the neat part is you 

can just install it and tart using it. All told, 
a good package indeed. 

A number of readers have, with 
various degrees of politene s, pointed out 
that th last time I talked about sound, l 
aid omething fairly dumb: I implied that 

adding Creative Lab's Wave Blaster to my 
syste m improved the quality of Mr. 

Spock's speech. Of course that' s wrong. 
A few years ago AdLib came out with 

inexpensive ound card , and thu et a 
kind of de facto standard for low-end DOS 
ound; and most game still run under 

DOS rather than Windows. The AdLib 
card u ed FM ynthesis. This i n't a bad 
technology, and you can get urprisingly 
good qualily with it. A number of games 
and other programs were written to use 
FM synthesis, and to Lhi day, any decent 
ound card is AdLib-com patible . Of 

course. Creative Labs' Sound Bia ter eries 
sold so well that most competitor now 
claim to be Sound Blaster-compatible. 

Most ound card now, though, are ac­
tually at least two card in one, and some 
li ke Logitech ' s SoundMan have what 
amounts to four card aboard. A few card 
are deliberately not game-compatible, be­
cause bu inesse told the designers they 
didn ' t want a game port and bad no need 
for AdLi.b sound compatibility. The e 
haven't . old very well. 

Now come the tricky part. 
Say you want to create and play com­

plex sound on your PC. One way is sim­
ply to record an event and play it. The re­
sulting fi le will have complete info1mation. 

c:o11tin11ed 

See us at WINDOWS SOLUI'JONS in San Francisco - Booth 85 in the Solutions Pavilion. 
}SB Corporalio11, 108 Whispering Pines Drive, S11Ue 115, .'i<XJ/b; Valley, California, ~1 95066. Teleplxme 800-359-3408 or (.f08)138·8300: FAX (108)138·8360. All lmdemarks oreacl111011dedged. 
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The most important new ~\t. WOR[IJ 

e~ent in. netwo.rking $~ 
history 1 •scorrungto ~~~~\\\'!, 
Atlanta And you get ~\~J !§ 
in free! ~ 

As LAN, WAN and t'oNGRi ":.":.~ 
telecommunication converge into 
a ingl all· ncompa sing cnviron­
m >nt., bu in ' ha n cded 
on forum that mirrors all these 
chang . A ummil for n lwork and 
computing profe ional .That's 
N tWorld+lnt rop 94. 

TI1 Summit brings tog th r 
th two bigg st nam - in n twork· 
lngev nts. N tWorld, U1 hallmark 
of tl1 desktop LAN community. 
And Int rop, th proving ground of 
interoperability for U1 WAN and 
tel om world . 

Is Th Summit a vital busin ss 
tool! Just ask th more than 60,000 
networking professionals who 
att nded the premiere NetWorld+ 
lnterop tliis May in La Vegas. 

Over 500 Top Networking 
Exhibitors! 

ummit exhibitors include every 
major player in the busine .The big 
names and tl1e hot up-and-comers. 
Networking companie . Telecom· 
munications companie . Computer 
companies. Nowhere else will you 
have such access to tlie latest net· 
working technology, real-world 
demonstrations and new product 
announcements. Nowhere else will 
you find t11e product solutions you 

n d and th people you need to 
talk to, all in on plac . 

Prove It Works 

On The lnteropNet. 


Ov r $8 million w re spent., 130 
mil of cab! laid cu1d thousands 
of manhou1 inv st d to conn ct 

~.· ~--- ' Ev.;r;i~in~ · vou Need To Know Is Freel 

Your complimentary 94 ExhibitsPluf VIP Pa s (Sec detuls below) 
is the lie~ t to a world ofhigh-level network learning opportunities: 

Admission to all exhibitiOn events pt. )2..14. 

Unliml~ access to the industry' leading technology vendors, 

Demo of the hot, emerging technologies in real-lime- including 

the latest in ATM,APPN,wireless/mobilecomputing, fast Ethernet, 

multimedia and client-server. 

Thurs of thelargest network proving ground on earth: lnteropNet."' 

Network design assistance at our Configuration Clinic:· 

Access to the global Internet at our Application Cluster Systems. 

Access to global £.Mail at WordPerfecf s Messaging U:nter. 

Problem solving via TSAnet right on the exhibition floor. 

Access to the Reseller Integration Lab ponsored by Tech Data. 


r:r.tt Instruction on I.AN/WAN networ:kingfundamenta1s. 

FreeThtining at the NPA Labs, formerly CNEPA Lab . 

f: Entry to Start-Up Citymto see the newest, emerging companies. 
Free Entry to all informal, evening Birds-Of-A-Feather se$Sions. 


Entry to all Product PresentationTheatres'." 

Attenclance to all Keynote Addr~. And much morel 


Attend Free! Pre-register 

Now And Save $50. 


For details on how to attend fr , 
call l-800-3:'18-6638, Ext. 1900. 
Outsicl th U.S., call 415-578-6900, 
or conta t us over th Int rnet via 
our gopher rver at programs. 
zdexpos.com. or our URL for 
World Wid Web is http:// 
prograrns.zdexpo .com. 

~oll'llfl'«l~ol~llWGt,'tflOll•1$flio9TM1nlC«\ltNl>Ct co..ip.MJ, 

LJ..C.UO tA»ll.~h1 1"'1NJ""!•J6'm&t\ol10IQwil(l;MOf'ICl..C."tetntt 
~.t-1111W'rrnSo~~~1rillk!Nrlliat.ro~ 
~lt•~o:JWtnll:tmwf.c.tM..-..et,w OIW'lO""*-Xl)\oirt.te 
"-'!1.'-Cn,.CAi-'"°"', 11S$18~ 1.. •u-&2,a19'. 

___________ ____ _ _....irc le 1 57 o n__lnnu l rv Cauf______ ____ _________ _ _ 

http:OIW'lO""*-Xl)\oirt.te
http:lt�~o:JWtnll:tmwf.c.tM
http:t-1111W'rrnSo~~~1rillk!Nrlliat.ro
http:zdexpos.com


Share 

Call These 'ff"'''+ 

Distributors: 

Tbc ·ca.re ca.lied wave files, and most of u 
have . ome that include the Star Trek char­
acters . aying thing like "Most illogical'· 
and "Hi brain i gone!' or excerpts from 
Beavis and Butt-Head. (My computer, I 
confess. now enters Windows with an an­
nouncer saying to tay tuned whi le Beav­
is and Butt-Head bum thing and blow up 
stuff.) ince the e are complete informa­
tion file , the only ounds you 11 hear from 
them are tho e already recorded. 

There' another way to create sound. 
To make things simple, let ' take a bugle 
call . r could get a bugler to play 'Me 
Call, record that, and include it on my 
system. Suppa e, though, [wanted aU tbe 
standard bugle calls, including the old 
combat commands like Squads Left or 
Right by Fours; complete information file. 
are large, and I'd ·oon have my hard di. k 
full of them. Suppose, in tead, I take a 
sample of a bugle and record that; when I 
want to play a bugle call J feed in thee ­
sential information about pitch and dura­
tion of note" and let the computer yn­
thesize the actual ound. This i called 
wave-table synthesis-you have a table of 
the 'sound waves' from a number of in­
tniments-and the important fact is that 

the computer ynthesize the sound from 
incomplete information. 

A wave-table card- such as the Wave 
B la ter that piggyback onto Creative 
Lab ' Sound Blaster 16 card-contains. 
among other things, a set of "insouments": 
wave-table samples of thing as ·diver e 
as bugles, guitars, and piano . These are 
called patches and tho e who are very 
much concerned about sound evaluate 
the good and bad points of variou patch 
sets. lf you want to know more about that, 
I strongly recommend you get the late t 
copy of Rich Heimlich ' s Patch Set Re­
view, which is available free from mo 'l 
BBSes where people talk about sound. 

ote lhat in theory we could take am­
ples of Mr. Spock talking, make him into 
an ' instrument," and write oftware that 
would have him say a.Imo l anything we 
like. ln practice, though, when you hear 
Mr. Spock on your computer, you are lis­
tening to a digitized recording of him ac­
tually ·aying that. 

As a re ult of my earlier confu. ion , 1 
have been required to learn more about 
the sound ituation than I intended to. 

For example: if l want the best ynthe­
ized sound qual ity, clearly the larger my 

ample table, lhe better job the computer 
will be able to do with the synthesi . Wave 
Blaster, like many wave-table cards, ha 4 
MB of ROM that contains the general 
MIDI-sound patch set. This includes a few 
ound effects and about 128 in trumenl , 

including the piano, trumpet, bass fiddle, 
violin, ·itar, ocarina, koto, and agogo and 
l don't know what tho e last two are ei­
ther. The point i that all tho c mu t fit 
into 4 MB. 

Suppo e 1 want my ystem to play a 
Beethoven symphony. Even with a giga­
byte hard drive, I won ' t want a complete 
recording of, say, the Eroica, so I'll want 
to have the y tern synthesize it. I'll have 
no need for an ocarina or a koto· I'd be 
better off if my patch set included better 
meaning larger, ample of violin . and 
trumpets. Maybe, in tead of the tandard 
instrument ct in ROM, T'd be better off 
having RAM on my wave-table card and 
letting the computer load those with better 
samples of the instrument I need. 

Then, too if l want to blend a number of 
instruments into my ound, I'm likely to be 
compute-bound; perhap I ought to have a 
processor on the sound card. 

Thing definitely get complex, and as 

~ 
1-800-826-7904 

1.&00·331 -2841 l'Alll 

ore. 

The most flexible printer sharing 

solution available just b cam 
more productive! Now, you can 

connect up to 32 nodes including as 
many as 8 printers and have print r 
spooling capability t no additional 

cost. Installs in minutes using standard 
RJ -1 1 phone cable. 

•

i'~l ~'jM 

l-80CM-CABU:·1 PRIMAX ELECTRONICS 
1-80CM22·2531 

2:1.4 BYTE S E PTEMB · R 1994 Circle 170 on Inqui ry Card .( Resellers: 171). 



NSTL's compatibility and inte ropera bility test s are the most rigorous in the industry. 

So whe n you see our S eal. you know the computer products you're buying will be 

compatible. 

The following compute r products* have recently earned the N STL Seal. 

Intel Corporation Intergraph Corporation 

Intel TokenExpress LAN Adapter ISA/16s TD2 Pentium W orkstation 

Intel TokenExpress LAN Adapter EISA/32 Telemecanique 

Intel TokenExpress LAN Adapter EISA 16/4 FTX 507.8c 486 Industrial 

Olicom USA, Inc. Portable Tenninal 

Olicom Token-ring N etwork ISA 16/4 Adapter 

First lntemational Computer, Inc. 

LEO DESIGNote 486 T33D -12 

For more information about the NSTL Seal and what it takes to earn it. call 

800-220-NSTL or (61 Q) 941 -9600. It's the first step toward a long and healthy relationship. 

• All brand or product names mentioned are trademarks or registered trademarks of their respective holders. 

P1ymooth Corporaie Center • 625 Ridge Pike • Conshohocken. PA 19428 • Fax: 610·94 l ·9952 • NSTL Is a division of McGraw·Hlll, Inc , 
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the hardware gets better it' s all changing 
like dream . My advice i that for the mo­
ment, you get a cheap decent system. The 
Sound 8 laster 16 or any card thal wi II ac­
cept a Wave Blaster or other wave-table 
card is good enough, or if you need a CD­
ROM drive, get one of Creative Labs' 
multimedia upgrade kit with a CD-ROM 
drive, speaker and so forth (see my April 
column). Logi tech make good system 
at reasonable price . The important thing 
here is to get as good a price a you can. 

You want a good price becau e truly 

awesome sou nd systems are coming. 
Think about that in conjunction with the 
image-processing capabilities hi gh-end 
machines are capable of. You ' ll oon have 
a Moviola machine on your desktop. and 
you' ll want really good ound. 

For now, stay wi th good enough, and if 
you want to spend money on sound, buy 
good speaker . You can use them with the 
really great sound card. that are coming. 

It's not generally known, but a 
small outfit ca lled ESC ha been publish­

ing an index to BYTE for 
years. It's called Bindex 
and cover the years 
1990- 1994. People often 
ask me when we did 
·ome article or another, 
and I never remember. 
It ' a bit awkward to 
search through Bindex 
one year at a time-that' 
how it comes-but it 's 
su re ea ier than looking 
through the magazine 
themselves. 

Plasmon Announces 
Up to 270GB of Low-cost, 
High-Perfonnance
Optical ---- ­
Storage 

Plasmon deskslde multifunction 
optical disk jukeboxes are 
speclncally designed to provide 
the speed, perfonnance, 
rollablllty and flexlblllty you need 
for today's data- and image­
Intensive networks. 

With disk change times as fast as 
1.6 seconds, the new compact, 
hlgh·capaclty jukeboxes are the 
fastest In their class. 

Multiple users can have 

simultaneous access to volumes 

of data and Images. For Plasmon offers acomplete family For more infonnation, 

Increased flexibility, the systems of optical disk drives and juke­
 contact your local 
can be loaded with write-once boxes with capacities ranging 

authorized Plasmonand/or rewritable media In any from 1.5 to 270GB,as well as 

combination. optical disks, CD-Recorders and reseller, or call: 


integration software. Our Western U.S. - (408) 956-9400 
Designed for continuous systems are supported by a Eastern u. . • (30 I ) 309--0505 
network usage, the high­ wide range of • nited Kingdom . 
performance jukeboxes feature Imaging, computer +44 (0)763-262 963 
anew, technically advanced output to laser disk, , Gennany • 
robotic mechanism with fewer network and +49 (0)89 3246 390 
moving parts to ensure long ­ backup applications France • 
term reliability. software. +33 (J )40 21 25 7l 

Circle 303 on Inquiry Card (RESELLERS: 304). 

If you're doing 

documentation and you want to include 

pictures of key tops, you need RRKey­

Fonts. There are PC and Mac versions. 

You get both TrueType and PostScript 

Type l in each ver ion. The fonts are at­

tractive, very complete, and easy to use. 

Mouse buttons function key , arrow keys, 

cur or hape , you name it it's in there. 


Anyone who ever u ed Windows Paint­
bru h to capture a screen picrure of a key 
top and was dissatisfied with the printed re­
sult will want a copy. It also comes in Ger­
man for the PC. ot everyone needs thi. , 
but if you do need RR.KeyFonts, you need 
it bad. Reco mmended. 

It' not too early to think about your 
taxe . Longtime reader. will know r us ·d 
to u e Ma lnTa to do mine. P r the pa. t 
couple of years, I have u. cd TurboTax for 
Window · from Intui t. I've learned to tru. t 
it: i r it . ays Lh 're's a missing 'ntry n a 
form, it's worth finding ut what that en­
try is. Th worksheet. ystem n Sch du le 

bu ines. cs k p. track f those com­
plexities. Mr . Pournelle and f hav " his 
hers and ours" busines. cs, and each gets 
a separate rcporl. It handles chedu le K 
partner. hips and Schedule E ex pen. e . . 

Many of my friends have accountant , 
but I' ve found that by the time I have ex­
plained ev rything to an accountant, J 
could have done it u. ing Turb ffax. T II 
remind you again next January. 

I don't often need a rhymi ng dic­
ti onary, but now that I have one, I may 
mak use of it. I u. ed to like writing dog­
gerel and once tried my hand at a clas. ical 
ballad. In Lho e days rhymes came easi ly, 
but a 1get older, I have to think harder. It 
seems to be true that when you get lo be 
my age the bin is full. For every new thing 
you learn, something you used to know 
drops out the other ear. 

Fortunately, A Zillion Kaji lJion Rhymes 
takes care of the rh yming department. 
There are Window. and Mac version , and 
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24-28 OCTOBRE 1994 • CNIT • CENTRE DE COMMUNICATION ET D'ECHANGES • PARIS LA DEFENSE, FRANCE 


• 11,000 Sq.m. net of Exhibition • Reseller Conference 

• 250 Exhibitors -Cl • Executive Symposium 

• 15 Tutorials (2 days) • 8 Solutions Showcases"" 

• 7 Worksh ps (1 y} Demonstrations 

• 50 Confer nee Se sion 

THE EUROPEAN NETWORKING SUMMIT 

N rWorkl '+lnterop"' 9 Paris, rhe indu rry's pr ·mier interoperability 

onfcr n ·e and Exhi l iti n, r pre enLs a uniqu g-tthering of k y 
exhibitors demonstrating technologie · in a real n tworking environm -nt. 

Al etWorlcl "+lnterop 94 Paris you will m et leading-edge etwork 
Compuling vendors and xperi "nee th interoperability of d1eir products 
and technologies. You will gain the information necessary to plan , d sign 
and build . tale-of-the-an netw rks. 

er~ orlcl"+lnterop 9 Paris will provid you with the informarion to 
meet the technology cha llenges of d1e 1990'.. 

Ziff.Davis ExposHion & Conference For registration/information 
14, PLACE MARIE-JEANNE BASSOT Please contact: Patricia FRECHOU 
92593 LEVALLOl5-PERRET CEDEX Phone: +33-146.39.56.33 NETW RLD+INTEROP 94 
FRANCE Fax: +33-146.39.56.99 

THE EVENT YOU CAN'T AFFORD TO MISS 


http:33-146.39.56.99
http:33-146.39.56.33


it's the ea, ie t thing in the world to u e. 
Years ago when l was a kid . l saw a 

comic strip in which one of the character · 
claimed to be the only person in the world 
who knew a rhyme for the word silver. He 
cou ld till be : at least thi s dictionary 
doesn' t know one. He also aid he could 
rhyme orange : the dictionary offers a 
dozen of those, including derange. r' II be­
come deranged if I don t top playing with 
thi s lhing. 

The company call it elfEccenuic Soft­
ware. lts motto is "Software you never 
knew you needed,'" which i probably true 
enough for most of you, but if you do need 
it, this one works. 

Fields of Glory remai n. interesting. 
Master of Orion (known affectionately a 
MOO) consumes al l the ti me available and 
then some. lf you"re a MOO fan , you ' ll 
al o want Master of Orion, The Official 
Strategy Guide, from Prima Publi hing 
(P.O. Box 1260BK, RockJj n, CA 95677). 
If you don ' t have it. you' re playing al a 
disadvantage. 

I have a CD-ROM ver ion of Betrayal at 
Krondor. lf you have a CD-ROM ystem, 
thi · i the right way to play what is still 
the best fanta y role-playing game l' ve 
ever seen. One thing about Krondor: al­
though the game tell you it 's urgent to 
get to Krondor in Chapter One, it i n ' r. 
Take your time, develop your chm·acters, 
and get the best weapon that you can find. 

The book of the month i by Myron 
Magnet: The Dream and the Nightmare: 
The Sixties ' Legacy tor.he Underclass 
(Mo1TOw. 1993). ft" a frightening analysi 
of why the good intention of the war on 
poverty went wrong and the con. equent 
mora l challenge to the . . Highly rec­
ommended. 

H' neither a game nor a book , but 3-D 
Body Adventure from Knowl edge Ad­
venture wi ll probably teach your kids­
and you- more about anatomy and phys­
iology than you'd learn from both. Cruise 
around in your kull. ee a body build up 
from a keleton out, get in ide your heart 
and ee the valves work ing. all in 3-D if 
you li ke. Thi thing is amazing. Know!­

edge Adventure manage to combine both 
"content"· and " technology, and I haven' t 
seen anylhing they've done that isn't wo!th 
your attention. 

A usual, there's more to write abo ut 
than J have pace for. For next month, we 
intend to try some high-resolution print­
ing with Fargo·s dye-sublimation printer, 
now that we have the image re ·olution. I 
have to make a speech t:hi week, so I'll 
be trying out the new PowerPoint. Phillip 
is taking a wonderful new Zenith laptop 
on the . hip; reports on that over the next 
year or so. 

And I love that Pentafl uge. • 

Jen y Poumelle holds a doctoraie in psychology 
and is a scieuce jiction writer who also earns a 
comfortable living writing abow computers present 
and f uture. Jerry welcomes readers· comme111s 
and opinions. Send a self-addressed, slllmped en­
velope to Jerry Pownel/e, do BITE, One Phoenix 
Mill Lane, Peterborough. NH 03458. Please plll 
your address 0 11 the letter as well as on the enve­
lope. Due to the high volume of /c!llers. Jen J' can­
not g11ara111ee a personal reply. You can al.lo 1·o n ­

1ac1 him on the lntem et or BIX at jerryp @bi.r.co111. 

If you·re going to spend any time 
mucking about connecting external 
SCSI devices. you need Granlt 
Dlgltal 's series of Aotlve 
Dlaenostlc Terminators ($59), 
Gold Dlaenostlo Cables ($39 to 
$129). and SCSIVue Termlnato111 
($59). Contact Granite Dllltal . 
Union City, CA, (510) 471-tl442: 
fax (510) 471-6267 . Circle 1146 
on Inquiry Card. 

Betrayal at Krondor ($69.95) Is 
still the best fantasy role-playing 
game I've ever seen. Co11tacl 
Slerra-On·Une, Oakhurst, CA, 
(800) 757-7707 or (206) 649­
9800: fax (206) 562-4223. Circle 
1147. 

Blndex (Index for 1990-1994. 
$49.95) makes It easier to find 
artlcles written In BYTE than 
looking througti the magazines 
themselves. Contact ESC. 
Madison. WI, (608) 238-3970: fax 
(608) 238-4102. Circle U48. 

The DEC 3107 hard drive ($1000) 
Is the fastest one I have ever 
seen. Contac Dlgltal Equipment 
Corp .• OEM Storage Group, 
Shrewsbury. MA, (508) 841-6439; 
fax (508) 841-5078. Circle 1149. 

For More Information 

Fields of Glory ($59.95) Is 
Interesting. Contact Spectrum 
Holobyte, Alameda, CA. (800) 
695-4263 or (510) 522·1164; fax 
(510) 522-3587. Circle 1150. 

The Graphics Pro Turbo Mach 64 
(2 lvlB. $449; 4 MB. $699) Is fast 
enough for just about anything 
you 'd want to do. It sure Is easy to 
Install, end the color reproduction 
Is aw some. Contact ATI 
Technolo&les, Inc., Thornhill, 
Ontario, Canada, (905) 882-2600; 
fax (905) 882-2620. Circle 1151. 

Image Wizard ($199) has features 
like Independent object editing, 
various-size brushes, and sprays 
and Olis , and the neat part Is you 
can just Install It and start using 
it. Contact lma&eWare Software, 
San Diego, CA, (800) 842-4199 or 
(619) 673-8600; fax (619) 673­
1770. Circle 1152. 

The Maxoptlx T3-1300 optical 
drive (Internal, $3495; external, 
$3995) works something 
wonderful both locally and across 
the network. Contact Maxoptlx 
Corp., San Jose, CA, (800) 848· 
3092 or (408) 964-9700; fax 
(408) 954-9711. Circle 1153. 

Pentafluge includes the 60-MHz 
M5PI motherboard wtth a 256-KB 
cache ($1099). Contact Mlcronlcs 
Computers, Inc., Fremont, CA. 
(510) 651-2300: fa)( (510) 651­
5612. Circle 1194. 

Its images are very good, and the 
#9GXE64 PCI IOCBl·bus vld 0 
board (with 2 MB of DRAM, $349) 
Is very fast. Contact Number Nine 
Computer Corp •. Lexington, MA. 
(800) 438-6463 or (617) 67 4­
0009: fax (617) 674-2919. Circle 
1155. 

The Plextor Double Speed Plua 
CD·ROM drive ($549) goes like 
lightning. Contact Pl ex tor, Santa 
Clara, CA, (800) 886-3935 or 
(408) 980·1838: rax {408) 986­
1010. Circle 1156. 

If you·re doing documentation and 
you want to Include a picture of 
key tops, you need RRKeyFonts 
($49). Co11tact RoadRunner 
Computing, Baton Rouge. LA. 
(504) 928-0780; fax (504) 928­
0802. Circle 1157. 

Creative Labs' multimedia sound 
cards tested on Pentafluge Include 
the Sound Blaster 16 SCSl-2 
($279.95) and the Wave Blaster 
($249.95). We have the Creative 
Labs Multimedia Kit with Labtec 
speakers (Discovery CD16 
Multimedia Kit, $449.95: 
Edutainment CD16 Multlmedla 
Kit. $599.95: Digital Edge 3x 
Multlmedla Kit, $999). Contact 
Creative Labs. Miipitas, CA. (800) 
998-5227 or (408) 428-6600; fax 
(408) 428-6611. Circle 1158. 

It's neither a game nor a book. but 
3-0 Body Adventure (on floppy 
disk, $49.95; on CD·ROM. 
$69.95) will probably teach your 
kids-and you-more about 
anatomy and physiology than 
you'd learn from both. Contact 
Knowled&e Adventure, Inc .. La 
Crescenta. CA, (800) 542-4240 or 
(818) 542·4200; fax (818) 542· 
4475. Circle U.59. 

Many of my friends have 
accountants. but I've found that by 
the time I have explained 
everything to an accountant. I 
could have done my taxes using 
TurboTax for Windows (call for 
price). Contact Intuit, Inc., 
Tucson, p:z_. (800) 964-1040 or 
(602) 295-3110: rax (602) 295­
3095. Circle 1160. 

I don' t often need a rhyming 
dictionary, but now that I have A 
Zllllon Kajllllon Rhymes ($39.95), 
I may make use of It. Contact 
Eccentric Software. Seattle, WA. 
(800) 436-6758 or (206) 628­
2687 : fax (206) 628-2681. Circle 
1161. 
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Analysis of lntelliQuest's Computer Industry Media Study reveals 

that Technology Experts are more likely to be involved in purchases of 

computer product• than less technically oriented business influencers. 

··> And BYTE Has the Highest Concentration 
or Technolouv bpens Among leading 

computer Publications 
Reeder• Who Are Advanced/Expert U 11ar11 

BYTE 64% 

PC Magazine 57% 
Technology Expert

PC Computing 56% 
drive the IT buy.

PCWorld 55% 

I;t'J 11 Because 

For more information on the lntelfiQuest Computer Industry Media Study, oa/1603 -924-2618 or contact your local BYTE sales representative 
Source: lntelliQues t CIMS , 1994 
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PORTABLE 10BASE-T CONNECTION 
Farallon Computing's EtherWave PCMCIA Adapter connects 
PC notebook computers directly to lOBase-T Ethernet net­
works. The adapter enables multiple computers to share one 
network ouUet. This lets network administrators provide 
portable users with full 10-Mbps access to network printers 
and servers without requiring a dedicated hub-port connec­
tion. Able to fit into any Type II or Type Ill PCMCIA slot, the 
$299 EtherWave supports PCMCIA Card and Socket Services 
to enable hot-swapping of different PCMCIA products. 
Contact: Fara/Lon Computing, Alameda, CA . (510) 814-5000. 
Clrcle 1318 on Inquiry card. 

HIGH-CAPACITY N£1WARE 
STORAGE T 
Avai lable in EISA and Micro 

hannel configul"ctti ns. the Mon­
tor I'll k-mount storage system 

($8640) supports scalable singlt:· 
server capa iti~ f to 252 B. 
From torage Dimen·ion · (Mil­
pitas, A), Mon tor integrates 
up to four 9-GB S 1-2 drive 
modules on the same C l bu ; 
you can co nne t seven drive 
modu les per host adapter and up 
t fou r host adapters per server. 
The sys tem has a burst data 
transfer rate of 10 MBps and sus­
tained rates of up to 8. 1 MBps. 
MonSt r ship with the LANStor 
Plus software driver. 
Phone: (408) 954-0710. 
Ctrcle 132:1. on Inquiry Card. 

OFF-LINE N£1WORK SENTRY 
A hardware-based LA man­
agement and security device cur­
r mly available for etWare 3.x 
an 14.x. Network S ·mry ($3000) 
from yberlock Data Inte ll i­
gence (Phi lacl lphi11. PA) on­
nccts ro the server but op ra tes 
off-line. When you install ct­
work entry, the devi e creates 
a unique identifier for each ex­
ecutable fi le on the server and 
then checks the identifier each 
lime a fi le is ex cutcd. 
Phom' : (2 15) 893-8833. 
Clrcle 1.322 on Inqui ry C a rd. 

STACKABLE HUBS 
Designed for departmen tal 
IOBase-T networks, the Klev­

erH ub tack 
KI 0 16($895) 
and K l032 
($ 1685) stack­
able hubs fea ­
tu re 16 and 32 
u n mana ge d 
UTP po rts, re­
spectively. The 
hubs support 

scalableport loads ranging from 
16 to 132 port . You can stack up 
to four of the Klever (Sunnyvale, 
CA) hubs in any combinat ion 
or cascade them. A user-config­
urable port enables you to add an 
additional 1OBase-T, 1OBase-5, 
or IOBase-FL connection. 
Phone: (800) 745-4660 or 
(408) 735-7723. 
Circle 1323 on Inqui ry C a rd. 

PEDAL YOUR WAY 
TO PRODUCTIVITY 
Con ·isting of three e lectroni c 
foo t switches , the Step On It 
Keyboard Contro l Peda ls 
($69.95) can be custom­
programmed to as ·ign or 
rea s. ign any three key­
board keys to foot opera­
tion. From Bi lb< Innova­
tions (Madi on, WI), the 
device comes with menu­
c;lri ven software and a 
miniature •xtcrnal ·on­
tro ll er tha t plugs in be­
tween your keyb >ar I and 
yourP . 
Phone: (800) 203-0092 

from Timeworks International 
( orthbrook, l L) by speaking 
naturally to your computer while 
using the Windows V-Command 
library· digitized compre ·sion 
use. only 4 KB for each econd 
of peech. Timeworks Say It rec­
ognize and executes command 
regardles of variations in voice 
tone and emphasis. 
Phone: (800) 323-7744 or 
(708) 559-1300. 
Circle 1333 on Inqui ry C a rd . 

TRAVELERS' STORAGE T 
A portable storage sy tem that 
plugs int0 the parallel printer port 

or (608) 233-6.12 1. 
Clrcl 1324 on Inq u iry C atd. 

NOTEBOOK DATA ACQUISmON 
The DAQ- 19 data acq uisi tion 
board (from $299) femure 19­
bit AID ·apabi lity on eight dif­
fe rential-ended or 16 single-end­
ed channel • a 12-bit DIA port, 
an 8-bit digita l 110 port. and 
source c de for a Windows data 
acquisition progrnm. Designed 
for use wi th notebooks, the par­
allel-port board is from ST Sci­
entifi c (Chanhassen, MN). 
Phone: (612) 361-6082. 
Clrcle 1325 on Inquiry C a rd . 

GIVE VOICE COMMANDS 
IN WINDOWS 
The Timeworks Say lt V-Com­
mand Voice Recognition System 
($299) combines a sound card 
with voice-print capabilitie to 
let you record messages under 
Windows. You u. e the system 

of your P , Lhe Data Traveler 
DT200EX (from $585) hru a ca­
pnci ty f 127 or 209 MB . The 
Kingswn Technology (Fountain 
Valley, A) unit has a parallel­
to-IDE adapter. transfer rates of 
up t 1.2 MBps. a pass-thr ugh 
printer connection, an A adapt­
er, and a 3-hour bnrrery. A Quick­
Swa p feature enables di sks to 
. elf-configure when they arc in­
serted into the receiving frame. 
Phone: (714) 435-2600. 
C l rcle 1326 o n Inqui r y C a rd . 

EXPAND CAPACITY QUICKLY 
The SS!-5200 ($4995) 3 ~- inch 

S Sl-2 drive has a forma tred 
capacity of 5.2 GB, iu1 average 
acces ·peed of 9.2 ms, and a 
media-to-buffer data h-ansfer rate 
of 12. 17 MBps. The drive, which 
ha.. a magneto-re: i tive head, i 
from Storage Solutions (Stam­
ford. T). 
Phone: (203) 325-0035. 
Circle 1327 on Inquiry Card. 
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ANOTEBOOK 

com­

WITH 
CHOICES~ 
The WinBookXP 
notebook 
puter ($1999) in­
corporates the 
SL-enhanced 
486DX4 
75-M Hz 
processor 
and adual­
scan color screen. 
From WinBook omputer (Co­
Jumbu , OH), the notebook comes 
with 4 MB of RAM (expandable 
to32MB),aremovable 120-MB 
hard drive. and your choice of a 
Lexmark or Logitech pointing de­
vice. Optional 3.3-V L2 cache i 
also available. 
Phone: (800) 468-2 162 or 
(6 14) 481-8041. 
Circle 1 328 on Inqui r y C a rd . 

ERGONOMIC MONITOR 
ompatiblc wi th Apple and un 
PAR ·systems. MA lnnoVi­

sion's ( aniaAna. A)M P17P 
monitor ($ 1299) has a flaH.quare 

RT with an lnvar shad w mask 
and an u11 1iglare trca1mcn1. It s 
ultrahigh resolution goes up to 
1600 by 1280 pixels noninter­
lac d with refresh rutcs of up to 
120 Hz and a dot pitch of' 0.26 
mm. Advanced Display alibra­
tion via an RS-232 ·ontrul port 
lets you us all the contmls with 
a c lick of your mouse anti locks 
out other users so 1hat they can't 
disturb your settings. 
Phone: (800) 27-3998 nr 
(714) 751 -2008. 
Ci rc le 1331 on Inqui r y Card . 

ROBOTS FOR UNIX 
Driverles tape auto- loaders for 
Unix platform , the Encore Plu 
Robotic Tape Handling . ystems 
(from 5995) have built- in ro­
botic- ontrol intelligence. The 
systems work with all Unix ys­
tems Lhal have a S S l bus, and 
t11ey . upporl all standard Unix 
Lape utiliti es. From Andataco 
(San Diego, CA), the auto-load­
ers have backup and archive 

rorage capaci­
tie. ranging from 
50 to 100 GB. 
Phone: (800) 
334-9191 or 
(619)453-9191. 
Circle 1 329 

on Inquiry C a rd . 

CREATE ASCSI 
DAISY CHAIN 

The ParaSCSI Plus ultra­
high- peed parallel-to-SCSI 
adapter ($2 16) ·upports up to 
seven dai y-chained SCS I or 
SCSf-2 device . Compatible with 
any standard pon or EPP (en­
hanced paraUel port), Lhe adapter 
has a pas -through 10 permit con­
current printing. From Link. y. 
( Irvine. CA), the ParaSCST Plu 
transfers data at 500 KBps; for 
EPP-compliant PC . the data 
transmission rate increase. to up 
ro I MBps. 
Plume: 1800) 546-5797 or 
(714) 261 -1288. 
Clrc le 1330 o r> Inqu iry Cnrd. 

POWERBOOK BATTERY ASSIST 
A battery-charge x t ndcr for aII 
I00-serics I\ ppl PowerBooks, 
th· P w rAs. isl ($6 ) from cw· 
er Te ·hnology (Wichita. KS) 
·harges bauerics in . lecp m de 

and extend battery life by up to 
four times when plugged into an 
active PowerBook. The l ~- by 
2Xb- by X-inch unit weighs less 
tlrnn 3 ounces and ha a power 
output of 7.5 V at I. I amps. 
Phone: (800) 678-3726 or 
(316) 685-4904. 
C i rcle 1332 on Inq uiry C ard . 

DATA ACQUISmON 
AND CONTROL 
A data acqui. it ion and control 
module with a serial-port inter­
face, the JSL I I 84 ($259) from 
Jasco Research ( idney, Briti ·h 
Columbia, Canada) has I I ana­
log inpu t channels with pro­
grammab le XI or XIO gain on 
four channel . The serial-port 
connection is witch-selectable 
at rates ranging from 300 bps to 
38 .4 Kbps, and the module has 
a ampling rate of up lo 180 Hz 
for one hannel and I l-17. for 
all 11 d1anncl s at 600 bps. 
Plume: (604) 656-0656. 
Clrc l 1334 on Inquiry C rd . 

SEND YOUR NOTES 
THROUGH THE AIR 
M ir than a pocket-size text 
pager, /\ir ote ($349) has its 
own ln ­

dres: , so you can receive Lnter­
net message while you' re away 
from the office. From otable 
Technologies (Oakl and, CA). 
AirNote a lso lets you receive E­
mail , computer-typed me . age ·, 
and phone messages. You can 
specify the maximum number of 
characters you want forwarded 
to the pager, and you can have 
Air ote Internet me ·sages ent 
to your primary Internet E-mail 
addres-. 
Phone: (800) 732-9900 or 
(510) 208-4400. 
Circ le 1335 on Inquiry C a rd . 

FAX MODEM WITH 
VOICEVIEW SUPPORT 
An internal multifunction fax 
board, the Connection Pro ($249) 
has built-in support for the Rad­
i h VoiceView protocol. From 
Di g icom Systems (Milpitas, 

A), the onnc ' lion Pro ·up­
ports the WindQws s ollll I sys­
tem and OLE. has full -duplex 

.. 21crho 19.2-Kbps data trans­
t" r. anti can send and rccciv · 

roup 3 foxes al speed. rup to 
14 .4 Kbp~ . 

Phone: (800) 833-8900 or 
(408) 262- 1277. 
Circle 1336 on Inqu iry Card. 

tcm'l ad-

MULTIMEDIA-READY MACS 
With a bullt·in CD-ROM drive, a 66·/33· 
MHz 68LC040 processor, video· and TV· 
expansion options, and support for 16­
bit stereo playback, Apple's 630 series 
of Macs (from $11991 are targeted to­
ward users looking for a powerful entry­
level multimedia system. The Mac LC 630, 
Perfonna 630 (shown in the photo), and 
Quadra 630 all come with 68030 LC POS, 
communications, and video-in slots. An 
optional video-in card lets you view and 
cut and paste composite and S-video; an­
other card accepts NlSC, PAL, and SE­
CAM TV signals, letting you view them. An optional video-out solution allows you to "print" video 
to VCR tape. The communications slot accepts 10Base-T, lOBase-2, and AAUI Ethernet cards 
and a 14.4-Kbps fax/data modem. 
Conwct: Apple Computer, C11perci110, CA, ( 00) 767-2775 or (408) 996-1010. 
Circle 1319 on Inquiry Card. 
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ASMALL UPS WITH ALARGE ATTITUDE 
Incorporating Deltec's large-system-engineering 
expertise, the Powedtite Plus UPSes protect stand­
alone PCs as well as networil nodes against power 
blackouts, surges, spikes, and power-line noise. 
An Advanced Battery Management feature in the 
units extends battery life, speeds recharge time, 
and provides advance notification of battery-service 
requirements. The UPSes are available with 250-, 
400·, and 600-VA power ratings; the 400- and 
600-VA models include a test switch and software­
intetface capabilities for operating systems such as 
NetWare, Windows, DOS, Unix, and OS/2. Prices 
start at $139. 
Comact: Deltec Electronics, San Diego, CA, 
(800) 854-2658 or (619) 291-421 I. 
Clrcle 1320 on Inquiry Card. 

age centering, size, and geometry 
when you select nonstandard re ­
olutions. On- creen displays Jet 
you adjust display-setup param­
eters through an icon-based, on­
creen control panel. The 0.28­

mm dot-pitch monitor has preset 
color-temperature modes, a · well 
as a user-definable setting, and 
a microproces or-based 31 .5- to 
64-kHz auto- can range. PC- and 
Mac-compatible, the Diamond 
Pro has a max imum re olution 
of 1024 by 768 pixels with a re­
fresh rate of 76 Hz. 
Phone: (800) 843-25 15 or 
(714) 220-2500. 
C i rcle :1.342 on Inquiry C a rd. 

SCSI ADAPTER 
A bus- mastered SCSI-2 ho t 
adapter for VL-Bu sy tem , the 
BT-445C ($279) from BusLogic 
(Santa Clara, CA) has an on­
board AutoSCS I tilit y and 
dual-Ooppy support. The menu­
driven Auto I Utility resides 
in the adapter's BIO and lets 
y u contigure the host adapter, 
a I device, und BTO -related 
parameter.. 
Phone: (408) 492-9090. 
Clrclo 1337 on Inq u iry C rd . 

REMOTE WINDOWS CONTROL " 
A hand-held programmable re­
mote control, the PowerConrrot 
($ 195) allows you to control 
yo ur Wind w. pre. ntati ons 
from up to 30 feet away from 
your computer. You can a5sign a 

sequence of keystrokes or a 
mouse command to any of the 
buttons on the unit and activate 
complex oftware functi ons by 
pushing a button. The SoftMag­
ic (Waltham, MA) infrar•d de­
vice supp rt s packages su h a 
PowcrP int , Harva rd raphics. 
nnd Frcelnn e ruphics. 
Phone: (6 17) 899-9966. 
Clrc lo :1.340 o n In quiry Cord . 

PROTECTION FROM STATIC 
A mall accessory that installs 
on yo ur computer, Ultra tat 
($59.95) continually drains ham1­
ful . tatic from y ur sy. tern and 
from you. according to its miurn­
facturer ltraS ta t ( olorado 

ity ). The company say. 
that UltraStat reduce the 10,000 
to 20,000 V of tatic electrici ty 
typically emitted by a computer 
screen to less than 50 V. 
Phone: (800) 460-7828 or 
(719) 676-4010. 
Circle 1338 o n Inqui ry C a rd . 

INTEGRATE MULTIPROTOCOL 
WORKGROUPS 
The GatorRoute iR router 
($2495) provide. simultaneous 
routing of IPX, TCP/JP Apple­
Talk. and DECnet protocols. TI1e 
four-port module includes two 
Ethernet ports and expansion 
lot. for either two . erial ports 

or one erial and one Loca!Talk 
port. From Cayman Systems 
(Woburn , MA ), the router" · 
built-in flash memory lets you 
eas il y upgrade yo ur network 
so fl ware. 
Phon e: (800) 473-4776 or 
(6 17) 932-11 00. 
Ctrclo :1.339 o n In quiry Cord. 

AKEYBOARD WITH ATWIST • 
The elect-Ease Keyboard 
($ 179) from Lex mark Int rna­
tional (Lexington, KY) s1 lits into 
left and right halves. each with 
an inverted-Tcursor-key arrange­
ment. You can change the pos i­
ti on of ei ther ide of the full ­
function QWERTY keyboard by 
swiveling or ·ymmetrica lly tilt­
ing the ·ides r by completely 
separa ting them. 
Phone: (800) 438-2468 or 
(606) 232-2000. 
Circ le :1.3 4:1. on Inquiry C a rd . 

FLAT-SQUARE AND 15 INCHES 
The Diamond Pro 15F monitor 
($535) from Mit. ubishi (Cypress, 

A) automatical ly readjusts im-

The 2000DS monitor ($439) 
from Optiquest (Walnut, CA) 
includes the company 's Opti ­
Green Software, which powers 
down the monitor to a maximum 
energy-consumption level of less 
than W when ii i not in use. 
The digitally controllccl monitor 
adheres to MPR-ll low-radiation 
standards. It senses the local A 
power supp ly automatica lly and 

adj usts to bctw ·en 90 and 
264 V A at 50 or 60 Hz 
with a maximum consump­
t.i n of 100 W. Maximum 
re:olution is I 024 by 768 
pixels nonintcrlaced with 
a 76-Hz refresh rate and a 
0.28-mm cl t pitch. 

Phone: (909) 468-3750. 
Circle 1343 o n Inqu iry C ard. 

GAIN NETWORK PRIVACY 
The Oncor Ethernet Pri va te 
Line ard ( 1995) is a daugh­
tercurd from hipcom ( outh­
borough, MA) that plugs into 
the company's Oncore witch­
ing Hubs. The PL 's continu­
ou. auto-learning capability dis­
covers all attached network users 
and then filters out any infonna­
tion they are not supposed to re­
ceive. User can move from net­
work to network and from hub 
to hub without losing communi­
cation . . 
Phone: (508) 460-8900. 
C l rc le 1 344 on Inquiry 
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OPEN-ARCHITECTURE VISUAL DEVELOPMENT SYslEM 

ProtoGen+ NT, a fully integsated visual development work· 
bench that streamlines the development of Cand C++ appli­
cations for Windows and NT, supports Intel, Dec Alpha, and 
Mips processors. ProtoGen+ NT's object-oriented program­
ming capabilities let you view and select, point and click, or 
drag and drop tool palettes and icons to reach menus, 
screens, and dialog boxes. A live, interactive test mode lets 
you test your application before you generate any code or 
compile the application. MDI support and Visual Coders for 
multimedia, MAPI, and OLE 2.0 are other prime features. 
ProtoGen+ NT ls priced at $495. 
011rac1: ProtoView Development, Dayton., NJ, 

(800) 231-8588 01' (908) 29-8588. 
Clrcl• 1271 on Inquiry C8"1. 

OBJECT-ORIENTED IMAGING 
A suite of object-oriented imag­
ing d vcl pmenl 1ools fo r Visu­
al Basic and Visual ++. KJPP 
(Kofax frna ge Processing Plat­
for m) rmage ontrols (from 
$995) make. u e of drag and 
drop to reduce the Lime needed to 
create production-I vel applica­
tion. . From Kofax Image Prod­
ucts (Irvine, CA), the KIPP Jm­
ageControls package lets you 
add comprehensive imaging ca­
pabilitie to new and e. tablished 
line-of-busi ness app li cations 
even if you have no experience 
in document-image processing. 
Phone: (714) 727-1733. 
Circle 1275 on Inquiry Cerd. 

PROCESS-IMPROVEMENT 
PACKAGE 
Windows-based process-analy­
sis and improvement software, 

ptima (single liccn e. 1500) 
incorp ra tes process-mapping, 
m delin g. imulation. and re­
porti ng capabilitie . rom Ad· 
van Edge Technologie · (Tualatin, 
OR), ptima allow y u Lo cre­
ate a model of any process and run 
what-if si mulations. 
Phone: (503) 692-8162. 
Circle 1278 on Inquiry Cnrd. 

DO SOME REAL-TIME THINKING 
De igned fo r thinking in rea l 
time n the computer, Inspira­
tion for Windows ($ 129) is a vi­
sual tool for planning and de­
veloping idea . The Rapid Fire 
fea ture lets you quickly type 
related ideas into one symbol ; 
the oft ware then create linked 
multipl symbol . The Point & 
Type featu re pop a sy mbol 
around a random idea you have 
typed to hold it until you are 

ready to work with it. An out­
line view provide organization 
and writing capabilitie . The vi­
ual tool is from Inspiration Soft­

ware (P011Jand, OR). 
Phone: ( 503) 245-9011. 
Circle 1276 on Inquiry Card. 

PUBLISHING-PRODUCTIVITY 
PROGRAM 
A program for creating greeting 
cards, banners, calendars, signs, 
and stationery, PrintMaster Gold 
CD Bonus Pack ($79.95) pro­
vides verba l as istance via an 
audio interface. The MicroLogic 
Software (Emeryville, CA) CD­
ROM can printPCX, TJFF, GIF, 
COM WNF, and BMP graphics 
in 24-bit color. 
Plume: (800) 888-9078 or 
(510) 652-5464. 
Circle l..279 on Inquiry Card. 

AWORKSHOP FOR MULTIMEDIA 
The Multimedia Work hop 
($79.95) from Davidson & As­
sociates (Torrance, A) ontain 
writing and video workshops to 
let you creat multimedia pre­
ent ations and published docu­

ments. The program's f ur mul· 
ti media libraries · nco mpass 
photos, QuickTime m vie clip. , 
clip art, and sound effects and 
music. 
Phone: (3/0) 793-0600. 
Clrcle 1282 on Inquiry Card. 

UPS-MONITORING SORWARE ... 
PowerEdge et. erver($ I 99 from 

ompuSci (St. Loui ,MO) mon­
itors any UPS and, in an orderly 
way, shu1. down yourcomputer' s 
operating ystem before the UPS 
battery reserve 
is ex hausted. 
Compatible 
withNetWare, 
S 0 Unix , 
OS/2, DEC 
Alpha OS P, 
and HP-UX, 
Po wer Edge 

e tS e r ve r 
allows mul ­

ti pie system Lo be supported by 
a si ngle UPS without the need 
for additional hardware. A status 
screen monitors UPS data. such as 
battery time rema.ining, battery 
vo ltage, charge status, and line 
voltage. 
Phone: (314) 343-5022. 
Circle 1277 on Inquiry Card. 

FINANCIAL TOOLS 
The Mathematica Finance Pack 
($395) helps finance profession­
al to analyze numerical and sta­
tist ical data, optimize mathe­
matical models, di splay data 
graphically in 2-D and 3-D, and 
create animations . From Wol­
fram Research (Champaign, IL), 
the Finance Pack is de igned to 
olve problem in area such as 

interest rates, bonds, cash flow, 
options, and finance-calendar 
functions . It 's avai lable for the 
Mac, Window , and the X Win­
dow ystcm. 
Phone: ( 00) 441 -6284 or 
(217) 398-0700. 
Clrclo 1280 on Inquiry Cnrd. 

EXPENSE REPORTS CUSTOMIZED 
The · xpens It for Wind ws 
pr gram ($ 129. 9) manages ex· 
pense accounts for business trav­
elers by providing customizable 
expen., e report • rapid-receipt en­
try, foreign-currency conversion, 
and complete management and 
reconci liation of ex pen. e ac ­
count ·. From On th Go oft­
ware (San Diego, CA), the pro­
gram can consolidate the reports 
to include only the days that you 
incur expenses. 
Phone: (619) 546-4340. 
Circle 1281 on Inquiry Card. 
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. , and 4.. The er­
n-aware icwer allow. 

imultaneous auditing 
of multiple er er , re­
gardle of the ve i n of 

et\l are each i: running. 
Phone: ( 00) 222-763 ' 
or (203) 937­ 000. 
Ctrc:le 12.85 

o n Inqu iry Card . 

EASY BAR CODE PRINTING 

~o fl font , 

n uut mated 
qualil y s . 1cm f. 
ing c mpreh O£ivc QA and 
te ting of appli 
veloped u ing Powersoft" 
PowerB ui lder. PowerRun­
ncr ( 2850) cmpl y. Pow­
er. oft ' s111ndard Powcr­

ll & Builder P\. 
lnt erac1ive ( 
CA). PowerRunner enable 
le. l rcusability . 
Phon : (-10 ) <) 

I 

:: ... . . .. 
=--··- .. 

CARRYING ON THE GENERIC 
CADD TRAomoN 
A $495 professional-le 2-0 design and 
dnifting prognim, Visual CADD works 
In Windows, so you can customize It 
through a macro \anguage or any stan­
dard Windows programming language, 
such as Visual Basic or C++. Visual 
CADD's intuitive interface ls based oa 
design tools located in familiar, convenient loc:ations; two-letter commands; and large drawing 
areas that are not obstructed by dialog boxes. Able to read and write Generic CADD GCD and 
AutoCAD DWG files, Visual CADD Imports and exports data via DXF to share files with other CAD, 
CAM, and CAE software. The software features tracking and OLE 2.0 technology. 

Contact: 11mera Software, eattle, ~ I\, ( 00) 956-223 or (206) 622-2213. 
Clrcte 12'72 on Inquiry Canll. 

INTIGRATE ON THE NEWTON 
De el ped for Lh ewton, Tap· 
W rk 11 9) integrates te t pro­
ce ·ng. pread heets, drawing , 
and graph imo a ingle appl ica­
tion.The Avai lT hn logy ( un­
nyvale, ) software improves 
l.hceffecti'leo of any document 
that y u want to fax. print, beam. 

r ma il from your ewton and 
pro id WY IWY formatt.ing. 
Phone: (40 ') 730-6855. 
Clrcle 1283 on Inquiry Card. 

MULTJSERVER AUDmNG 
A Window -ba cd multi servcr 
audi ting t 1 fo r tWare, Au­
di e are 9 per ~erve r) pro· 
vidc · a look and fee l imil ar to 
lhat of the /AD t etW aro 

4 tool. From Preferred Sy terns 
(We t Haven. en. the ver i n­
independent tool h~ cros - erv­
er query abili t or etWare 2.1. 
2.2. 
. i 
the 

(from 29 ) lei y u pri nl more 
th an I different type!. f bur 
ode ym I gie. and sub. l. . 

Available in a aecworked ver­
sion, On-Tap/DO le you prim 
Lhe od fr m ' ith in your ap­
plit:a tion . lntegrmcd nfl wa re 
De ign Man ·field. A) pro­
duce the oftware. 
Phone: (5 ) 339-4 2 
Circle 1298 on lnqul.-y C <d. 

INVESTMENT TRACKER -. 
Fundwa1ch Pl u for Wind w ' 
( 39) from Hamilton oftware 
Englewood. 0 ) ha. a . pr ad­

shee1-li ke Lracki ng . ystcm that 
I l !. y u maintain price llatu fo r 
inv tmcnu. al ' eekJ r long ·r 
intervals. The t'tware automat­
ically incorporat dividend and 
di tribution information. Flex i­
ble tracking and analy i. meth­

d. let y u dire tly compare a 

variet of inve tmcn and mar­
ket ind ei. and idcntif the beM 
Lim 10 buy and · II. 
Phone: (800) 733-9607 or 
(303) 795-5572. 
Circle 1.292 on Inquiry C a rd . 

EDmNG UTIUTY 
tha1let y u 

cu\ any ser n and d ~it darn in 
a t: ust miz.cd Ii i fer rcasscmbl . 

upcrCut (. 79.95) i d igncd f. r 
the creation of multimedia and 
de ·ktop publishing presentation•. 
From Pac ific Mi ro (Mountain 
View, A), uperCulal · hw fea­
tures for general editing func1ions 
l(irappl ica lion~ :uch :I!. word r ­
i.;cssor and graphi . programs. 
Phone: (4 I 5) 9.J -6200. 
Circle 1.287 on Inquiry C ard. 

POWERBUILDER QA 
oflwa rc­

r condu ·1­

ations de­

rom Mercury 
an ta Iara. 

7-0100. 

Software Update 

Excalibur EFS 3.5, Excalibur 
Te<:hno\Qgi San Diego, 
CA), i eru icr 10 imcgrate 
wi th third-pany ofiware, h 
11 new API, and pro id ad­
di ti nal truc1ured RDBM 
jnd ing support. F11>m 
$ 12, 

Pl1one: (61 9) 625-7900. 
Circ le 130 3 o n Inquiry C a rd. 

fllePower Multifllef/Fktder 4.0, 
ptlka 'ol md pring . 

), add R fi r11u1 m ti 
indexing; full le I-retrieval 
and kcyw rd -.carching capa­
bilities; multiple annotation 
fea ture : i111emaLi nali7.ation; 
Ora I • QL databa ••upport ; 
nnd mullip\c-pag di ·pla . 

r m $4 O. 
Plllme: (719) 54 -9 00. 
Circle 130 4 on lnqu{fY C a <d. 

Mlnltab Statistical SofhRre for 
Windows 10, Minilab late 

ollcgc, P ), in \ud l> nc: ph: :j_ 
iti ; e ­
pnnd. il5 
explorm ry 
daw-analy­

·is and tati tical capabi\itie ; 
and adru 3-D graphi . fully 
implemented DOE, and a 
i 11 wind w tha1you an edil 

to general r pons from with· 
in 1h s1n1h.ti al p. kJg •• 

95. 

Plto11e: (814J 23 -32 0. 
C i rcle 130 5 on Inqui ry Card . 

scntation Manager eision. 
Phone: (41 5) 32 -9595. 
C i rc le 1308 o n Inquiry C rd. 

SQl Windows s.o, upUI Men­
lo Park, A), adds uick b­
ject , workgroup integration 
and Lhe QL Window Com­
piler. 9S. 
Phon : (41 ) 321-9 00. 
circle 130 7 on Inquiry C rd. 
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I~~rmmrlSoftware 

AGRAPHICAL VOICE SmEM FOR VISUAL BASIC 
A voice and telephony integration package for Visual Basic, VBVoice is a complete graphical 
voice-application design tool. VBVoice creates a graphical environment in which you can design, 
develop, and test interactive voice systems within Visual Basic. The VBVoice/Tapi extension to the·············••:r!lsystem allows you to recompile all existingVBVoice applications to use any telephony 

ALPHA DEBUGGER 
TotaJView (single-u er licen ·e, 
$975). a source- level debugger 
from BBN Sy ·tems and Tecb­
nologie (Cambridge, MA), is 
availa ble~ r DE "s Alpha AXP 
RI work. tati n running the 

Fil opera ting ystcm. With 
TotalYiew, you an simu lt ane­
ously view and debug all aspects 

f your app lications, as well as 
d bug appli ·at ions that run on 
multiple workstations. 
Phone: (617) 873-2634. 
Circle 128 8 o n Inquiry C ard . 

DOCUMENT MANAGEMENT AID 
With View Pro (from 95), y u 
can ·imultane usly view, anno­
tate. and mark up documents re­
gard le. s of their original size and 
fi le forma l; document note are 
aut matically updated, and all 
comments and changes are linked. 
From The van der Roest Group 
(Santa Ana, CA), View Pro's vec­
tor support include utoCAD. 

ADkey, and CADAM. lts raster 
support includes TIFP, CALS, 
and PCX. 
Phone: (7 14) 542-2201. 
Circle 1301 on Inqui ry C a rd . 

MANAGE THE ISSUES 
Issue- and problem-cracking soft.­
ware for Windows, Issue Man-

interface card that has a Tapi-compliant 
driver. For demanding applications, you 
can write code to respond to Tapi events 
to customize the conb'Ols, or you can create 
your own objects with the User control shel. 
Pricing for VBVoice/Tapi starts at $395; a 
fax option is $295. 
Contact: Pronexus, Carp, Ontario, 
Canada, (6 13) 839-0033. 
Circle 1273 on Inquiry Cant. 

ager ($49.95) provides a way for 
you to track issue , note their 
progre s, and record when an is­
sue is closed. From Wi nnovation 
(Ft. Collins, CO), I sue Manag­
er tracks problems such as soft­
wm-c hugs, maintenan reque t , 
and qualiLy-control support. 
Phone: (301) 226-8682. 
C irc le 1293 o n Inquiry Cnrd . 

DEVELOP CLIENT/SERVER 
APPLICATIONS 

bjectPro ($2995 per seat.). an 
object-ori ented de v lopment 
too l. is designed for program­
mer building client/server ap­
pli cations that hnvc bu siness 
objects programmed into lhem. 
All application component are 
stored a objects, so developers 
can take advantage of the ben ­
fit of inheritance and spe ial­
ization throughout Lheir appli ­
cations. The Trinzic (Pa lo Alto, 
CA) software's interface lets you 
ac ess and update a wide vari ­
ety of databases. 
Phone: (4 15) 328-9595. 
C i rc le 1299 on Inquiry C a rd. 

SOURCE CODE COUECTION 
A com pi laLion of Mac source 
code and uti lities on CD-ROM, 
Apprentice ($35) has working ex­
amples of applications, control 

panels, extensions, utilities, and 
more. Apprentice is from Ce­
le tin (Port Townsend, WA). 
Plume: (206) 385-3767. 
C i rcle 1290 on Inquiry C a rd . 

WINDOWS NT MAKES 
THE UNIX CONNECTION 
The exceed/NT 32-bit X Win­
dow ys1 m scrv~r software pa k­
agc ($545) for Alpha- und Mips­
trnscd P s cn;ib lcs you to use 
Windows NT to connect to and 
display network-based ni x/ 
and/or YM appli at ions simul ­
taneously in windows on your 
desktop. The softwar~ i · from 
Hummingbird omrnunications 
Palo Alto, A). 

Phone: (4 15) 61 7-4560. 
Circle 129 1 on Inquiry C ard . 

DIAGRAM YOUR DATABASE 
A rever. e-engineering and doc­
umentation application for Ora­
cle 6 and 7 databases, Database 
Illustrator (from l00) u es table, 
column, and con trainl infonna­
tion stored in the data dictionary 
to produ e an entity-relationship 
diagram with automatic entity 
layout and relation hip routing. 
The application is from Ray Ont­
ko & Co. (Richmond, IN ). 
Phone: (317) 935-4283. 
C i rcle 1296 on Inquiry C a rd . 

Software Update 

IDI.. 3.6 for Windows NT and 
Power Macintosh, Research 
Systems (Boulder. CO), im­
prove its user interface, en­
hance it numerical analy is 
and data band.ling, and add 
new plotting techniques. 
$1500. 
Phone: (303) 786-9900. 
Circle 131 0 on Inqui ry C a rd. 

Multimedia ToolBook 3.0, 

A ymetrix (Bellevue, WA), 

adds over 200 enhancements, 

including increased produc­

tivity, improved applications 

performance and text capabil­

ities, better u er interfaces 

and databa e support for ap­

plications, and comprehen ive 

multimedia feature . $895. 

Phone: (206) 462-0501. 
Circle 1311 on Inquiry C a rd. 

SupetOffice 3.0, SuperOffice 
(Bedford, MA), offers calen­
dar sharing between execu­
tiv and se retaries and 

gr up ·ch duling; interoffice 
-mail ; bui lt-in PaperClip 

document imaging to let you 
link any type f d ument lo 
a specifi account; acces to 
corp rate database. ; and 
linkup to employees in th 
field . Prom $295. 
Phone: (6 17) 275-2 140. 
Circ le 1306 o n Inquiry C ard . 

askSam for Windows 2.0, 
a kSam System (Perry, FL), 
adds a spelling checker, mul ­
tiple fonts in the report writer, 
searching over multiple files, 
hypertext links, superscript 
and subscripts, additional im­
port filters, and an optional 
OCR module to scan text di ­
rectly into an askSam data­
ba e. $149.95· OCR module, 
$99.95. 
Phone: (904) 584-6590. 
C i rcle 1317 on Inquiry C a rd . 
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EXPLORE the INTERN ET! 


Frv H 0 u R FR TRIAL! 

Dial By Modem 1-800-365-4636, Press return until you get a prompt 


At Username, enter JOINDELPHI. At Password, Enter BTE949 


Offer npplfes for new members only. A valid credl1 card is requi red lor Immediate access. 
01her rcmlcilons apply Compleie de1ails are provided during 1he toll-free regimauon 

DELPHI is the only major online service 

to offer you full access to the In ternet. 

And now you can explore this incredible 

resource with no risk. You get 5 hours 

of evening/ weekend access to try it out 

for free! 

Use DELPHl's Internet mail ga teway to 

exchange messages with over 20 million 

people at universities, companies, and other 

onl ine services such as CompuServe and MCI 

Mail. Download programs and files using 

FTP or connect in real-time to other 

networks using Telnet. You can also meet 

people on the Internet. Internet Relay 

Chat lets you "1alk" with p ople all ov r the 

world and Usenet News is th world 's 

larges t bull tin board with over 4500 topi sl 

To help you find the information 

you wani , you'll have ace ss to powerful 

s arch util it i s such as "Gopher," "Hy1 Iner" 

and ''WAIS." if you aren't famil iar with these 

terms, don't worry; DELPHI has hundr ds of 

xp r1 onl ine assis tants and a large ollec1ion 

of help files. books. programs, and oth r 

resources to help gel you siarr d. 

Over 600 loca l ace ss numb r are 

available across the country. Explore DELPHI 

and the Internet today. You'll b amazed by 

what you discover. 

\ / I 

DELPHF 

Attention Current Internet Users: See wha t DELPHI can offer youl Siock quotes, Grolier's Encyclopedia, 

newswlres. and hundreds or other services are j us1 a few keystrokes away. Telnet 10 del phi.com and enter the 

username and password above ror a free trial. 

Circle 88 on Inquiry Card. 

INTERNET 

Quest ions? Ca ll i -800-695 -4005. 


Send e-mail to INFO@del ph l.com 


mailto:INFO@delphl.com


l''~ RmSoftware 


ADD GEOGRAPHIC ANALYSIS 
TO YOUR SPREADSHEETS 
A joint effort from Wessex and Environmental Systems Re­
search Institute, First SL mapping software includes the 
core data from the U.S. Census Bureau, ArcV'iew 2 software, 
and a set of 22 CDs with geographic and demographic data. 
ArcV'iew provides GIS technology; desktop mapping; multi· 
media; and data-analysis tools, such as DBMSes, business 
graphics, and spreadsheets. First St. retails for $1995. 

01110 ·1: Wesse , Wimwtko, IL, (800) 892-6906 or 
(708) 501 -3662. 
C lrc lo 1 274 on Inquiry C o rd. 

TWO BEATS BEYOND APIM 
Using a c ncepl al led the on­
ducting Plalform, upe ondu •• 
1or ($99) allows you to organize 
your compulers and informal ion 
around the people (or companies 
or subjects) y u ordinarily intcr­
ac1wi lh rather than around your 
applicu1ions. You w rk from a 
central screen and ·ix depcnden1 
screens 10 crea te a record for 
each person; th n you organi ze 
all of a certain per on ' s infor­
mation- including documents­
dircctly under that person ' s rec ­
ord. Super onductor is from 
Four Comers Development (Sher­
man Oaks, CA). 
Phone: (3 10) 780-3835. 
Circl e 129 5 on Inquiry C a rd . 

REMOTE ACCESS GOES LOCAL 
Takclt ($ 139.95) from G' Vosay 
(Provo, UT) provides access to 
your network files when you ' re 

away from 1h c network . Th 
software reate. and maintains 
an lec.:1ronic bri fcDse on y ur 
lo ·al hard drive; the briefcas em­
ulates your nctw rk and all ws 
you to acce. s the tiles a. if they 
were on the n twork, with id n­
tical drives and dir ct ry paths. 
Takel1 au1omatica ll y synchro ­
nize. your files when you return 
them to 1he network. 
Phone: (801) 374-162 . 
Ci rc le 1294 o n In quiry C a rd . 

BATCH TILES 
Wi1h Batch It ($ 199 from 
Gryphon Soft ware ( an Diego, 
CA), you can color-correcl an 
on-screen digitized video clip by 
dragging the entire movie onto 
a color-correction tile in tead 
of correcting it frame by frame. 
Once the movie i on the tile, the 
batching process begin . . For two 
tasks, you con nect the appropri­

ale two ti les via a connector. The 
Mac software hips with 30 tiles. 
Phone: (619) 536-8815. 
C i rcle 1297 on Inqui ry C a rd . 

NETWORK MANAGEMENT 
FreedomView NMS ($395) uses 
SNMP to manage Ethernet net­
work running under Window . 
The software can diagram net­
work topology, depicting differ­
ent device types wi th bui l t-in 
or u er-defined icon , and it can 
automatically detect devices and 
create a network map, electing 
icon types based on device queries. 
From Compex (Anaheim, CA), 
FreedomView NMS can poU de­
vice ar user-defined interval · 
and create event filters that trig­
ger custom functions. 
Phone: (714) 630-7302. 
C i rcle 1286 on Inquiry Ca rd . 

ENTRY-LEVEL SPICE 
A 32-bil analog and mixed-signal 
circuit- imula1ion ·y Lem that 
mploy Win 2s ex1ension , 

J AP4/Li1 ($5' 5 is based on 
f AP/4Window . From lntusoft 
( an Pedro. A). r AP4/Litc al ­
lows unlimite 1-siz circui ts; per­
form s A , D • transient, and 
1emp ra ture ana lyses: and in ­

ludes an int grated schema1ic 
en try program 1hal produces a 
complete SP! net li st. 
Phone: (3 10) 83 -0710. 
Circle 1300 o n Inquiry C ord. 

20 VOLUMES ON ADISC 
A ingle-di ·k D -ROM (from 
$ 1300) provides 1he fu ll 20 vol ­
umes of the McGraw-Hill M11l­
1imedia Encyclopedia ofScience 
& Te chnology as we ll as the 
complete tifth e<lition of the Mc­
Graw-Hill Dictionary of Scie11­
1iji and Technical Terms. From 
McGraw-Hill ( ew York, NY), 
1hc Wind ws-based CD-ROM 
uses Online Computer Systems' 
Opti-Ware ·earc.:h-and-retrieval 
technology. 
Phone: (212) 337-5961. 
C i rc le 1302 on Inquiry Ca rd . 

Software Update 

Sculpt 4.0, Byte by Byte 

(Au tin, TX), features a new 

user interface; free-form mod­

eling tools, such as b- pline, 

B6zier pline, and URBS; 

and native uppon for Power 

Mac . From $1995. 

Phone: (512) 795-0150. 
C i rcle 131 5 on Inqui ry Card. 

Collage 2.0, Specular Interna­
tional (Amherst, MA , up­
ports the Power Mac and 
CMYK image files, is Power­
PC-native, and has increased 
image sizes and an improved 
u er interface. $395. 
Phone: (413) 253-3100. 
Circ le 1 309 o n Inquiry C n rd. 

Air Series 2.75, pry acU , 
WA). nhan e in 1allati n, 
Telnet, mail. and n ws nnd 
add PPP Wind w Dialer 
and Mo aic. rom $ 14 . 
Ph<ml!: (800) 777-9638 or 
(206) 447-0 00. 
Chc le 1312 on Inquiry C a rd. 

OPN:Offlce 7.3, PN ystems 
( on Wayne, lN) , includes a 
G l thai supports Window 

y. 1em te1minal. and PC. 
running an tenninal mu­
lation pa kagc; add a docu­
ment-tracking y tern; and 
comes with P Compani n, 
OP : tylc, and OP :World 
gateway . From $ 125 per 
eat. 

Phone: (800) 676-1177 or 
(219) 455-2758. 
Circle 1313 on Inquiry C a rd. 

Catalog On Disk for Windows 
2.30, Curti oftware (Tor­
rance, CA), add upport for 
CD-ROM and the ability ro 
di tribute catalog over dial­
up services. From J795. 
Phone: (3 10) 320-2451. 
C i rc le 1 314 on Inquiry Card. 

228 HYTE SEPTE MB E R 1994 



_ _ _ ___ ___ _ 

URGENT-YOUR INPUT NEEDED 

Dear Reader-

The BYTE State of the Art section is devoted to delivering in-depth information about specific topics in computing on a monthly 
basis. Early next year, the State of the Art section will cover the technologies and strategies involved with Digital Video. 

To ensure that our coverage is in tune with your needs, we request that you fill out the following questionnaire and fax it 
back to us. It will tell us about your needs and interests, and help us focus our coverage of Digital Video to best address your 
concerns. Please take a few minutes to fill out this form and fax it back to us. 

Of course, questionnaires such as this are necessarily limiting. If you'd like to see other areas covered, or if you want to 
tell us your ideas about video on the desktop, please contact one of the SOTA section editors at the following E-mail addresses. 

Thank you. 
Bob Ryan , b.ryan @bix.com 
Russ Kay, russellk @bix.com 
Scott Wallace, swallace @bix.com 

Digital Video 

Please rate your interest in the following technologies 
and applications. 

Not at all interested Extremely interested 

2 3 4 5 

Applications 

1-1 

D Videoconferencing 

D Video production for broadcasting 

D Industrial video production 

II Training videos 

ll Electronic publishing 

Whiteboard applications 

rJ 3-D data visualization 

[] Other - please specify 

Compression Schemes and Codecs 

L I Captain Crunch 

lJ MPEG 1 

D MPEG2 

D JPEG 

D Cinepak 

D MotiVE 

D Fractal compression 

D Huffman coding 

D Other - please specify _ __________ 

Standards 

D lndeo 

D MWave 

D Windows DSP Manager 

D vcos 
D QuickTime 

D H.261 

D Px64 

D Other - please specify _ 

Transmission Technologies 

D Switched LANs 

D Full-duplex Ethernet 

I I FDDl/CDDI 

l- l Fast Ethernet 

n ISDN/Switched-56 

l I ATM 

[ I Other - please specify 

Comments: 

ABOUT YOU (OPTIONAL) 

Name -----------------­
Title ___________________ 

Company ----------------­
Phone __________________ 

E-mail address --------------­

FAX the completed form (without a cover sheet, please!) to 
(603) 924-7620. If you don't have access to a fax , you can 
photocopy the form and mail it to: 

BYTE SOTA Survey 
c/o Market Research Dept. 
One Phoenix Mill Lane 
Peterborough, NH 03458 
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The Solution To Your 

Application Requirements 


Quatech, Inc. manufacture. a variety of 
communication, data acqui irion , 
PCM 'IA , and c ntrol pr ducts for the 
IBM P /XT, P /AT, PS/2, notebook 
and compatibl sy terns. We are com­
mitted to providing our cu tomers with 
quality product , exceptional . ervice 
and. upport, and competitive prices. 

COMMUNICATION adapters 
meet a ynchronous. synchronou. , 
erial, and parallel communication 

requirements with protocol . uch as 
RS -232 RS -422, RS-4 5 , Current 
Loop and IEEE-488. lntelligent and 
coproce or adapters are al o available. 

DATAACQUI ITION products 
add analog to digital, digital to anal g 
conversion. and digital UO capabili­
ties in 8 to 16-bit resolution. Other 
b ards provide the capabilities 
for digital multimeter , dig ital fre­
quency synthesizer arbitrruy wave­
form ·ynthe izer , and IEE -488 
GPIB interfa es. 

PCMCIA Internal Interface Adapt­
ers upport Type l, ll and Ill memory 
and I/O card . Quatech's Digital I/O, 
EPP Parall e l Port , FAX/Modem, 
Serial RS-232, RS-422, and RS-485 
TIO card give you maximum flex-

ibi lity for your application. The Iid 
State Memory Card Drive supports 
Type I PCM IA LASH and RAM 
memory card . 

Call t day for more information and 
a free catal g on our complete line of 
Communication, Data Acqui ition, 
PCMClA, and Industrial I/O product . 

800-553-1170 
Foreign.Distributor 

Inquiries Welcome 


gauATECH 
662 Wolf Ledges Parkway, Akron. OH 44311 

Quatech, Inc. Made in the U.S.A. Phone: (216) 434·3154, Fax: (216) 434-1409 BBS: (216) 434-2481 . International: Australia/lnterworld Electronics & 
Computer 61-3-563-5011 , Belgium and Luxembourg/ACAL NV/SA 32-27-205983, Canada (Western)/lnterworld Electronics 800-663-6001 (Toronto office 
800-465-0164), Denmark/Jes Rasmussen Aps. 45 4281 6838, England/Diamond Point International 44-634-722-390, Finland/Lab Hi-Tech OY 358-0-682­
1255, France/Elexo 33-1-69302880, Germany/Jupiter Electronic Systems GMBH 49 61 8175041, Hong Kong/Brio Technology Ltd. 852 581 1111 , India/ 
Computaccount 91 112245159, Israel/ACM ltd. 972-3-6487885, ltaly/N.C.S. Computer Italia 39 331 770016, Korea/Sam Boo Systems 82-2-135-280, 
Netherlands/ACALAuriema 31 -40-502602, Singapore/Bliss Services Pte Ltd. 65-338-1300, Saudi Arabia/Integrated Computer Operations 966 3 895 
1827, South Africa/Eagle Technology 27 21 234943, Spain/Santa Barbara SA 34 3 418 81 16, Sweden/Systec 46 13 1101 40, Switzerland/Technosoftware 
4164519040. IBM PC/XT, PC/AT and PS/2 are registered trademarks of the IBM Corporation. All other trademarks are of their respective companies. 



BUY IT 1 HROUG H 

Mail Order Hardware/Software Showcase Buyer's Mart 

The latest offerings from This categorized four-color display From Accessories to Laptops 
vendors supplying section makes it easy to find to Word Processors, you can 

products of all leading Hardware and Software products from easily fi nd the dealers you are 
manufacturers at extremely a wide variety of manufacturers looking fo r in this directory of 

competitive prices. and suppliers. products and services. 

232 257 266 



......-.. .ne 57 
. 1765.90 

......... 2 88.4 1 
... ..3461 67 

Notwiu o V3.12 

5 USER 3S .................. .m .TJ 
10 USER 3 5• ••• ·······--····-······· 1297.56 
25 USER 3.5' .. ..... --··· ··· ·- ......1891.00 
50 USER 3 5' ............. ................ ..... 2578.00 

100 USER 35" ............. ···--·..···-··-·· ...-3698.00 


Cfln lor PllClng on Nel\.'IM'> CO·ROU 

vor~loiitl and Up~s 


PERSONAL NETWARE v1 .o HEW 

I USER . .....-........ ............._.... ..... .... ·- 59.88 

6USER ......•.- .....259.5'2 


t1•.•'.ll:U. f'fb ~ .sun..«:"CT l<"•ttt."'IClf F\J:As.1:. "5...1 
·c·h f t v.:>lif OJfl ltB{l Pf'! ~IN() 

A 
'lll!!lli:l:.( 

TC514:J Ethernet COO•--·········· ..................... 116..47 
TCS 143 EthOmOI coax 6pk..-.... 867.2& 
TCS10 Elhomel 10BT ..... - - ... •..89.95 
TC5143 Etnomot 106T 6pk___...... .... 469.11 
TC6242 AACNET 8-bd 003X -·········-····-·······-66.96 
TC82'45 AACNET con'( 1,Q UQ 
T'C8212 ARCN :T' TP q& 94 

~=~;.r1=':~ ~hUb OOH ,]: ~~ 
TO.OC& TOkfln Rlno 1614 .J09.:&J 

11 1 
M l'lf1~9( f.;1Kh~ ~ ~ 11, " 1 

~ ARTI FT 

CDW®9ett9 

for le9s 


Sportater 28.8 
ti 28.BK bps data, 14.4K bps lax 
ti Supports V.32bis, V.32 and 
V.22bls ti 1/.42 error correction, 
V.42bls data compression ti Includes QulckUnk II 
software ti 5 year warranty, made in USA 
emphasize ti Low cost upgrade to V.34· 

internal ....... .............$209.91 CDW 42068 


external .. .. ..... ..........$227.88 CDW 42070 


OTHER TOP-OUAUTY NAME BRANDS 

El'lgdo NE200Ch 008•-··· ...... ····--· .... .85.20
Es9'e NE2000• 108T ... ·- ... .. n.31 

:ac~~~~~:::: ::::::::::::~:::::.~~=:~ 
Naoonal Semi NE.2000-t lOBT ... .71 .35 

11 vco~~;;:~na~~,..i'!-~~~r,:'" 
t.t10 It I.Obit~ 

.JOream 
~~g :~~":t1i1r=: .-:::::.....~·-.:~·~o;.: 
PE3106T poc!<et Erhemet 108T M ............ - • •• 268.31 
PA202B8 pocket ARCNET coox .... ....... .229.30 
Pocket Token Ring Ill . •.• • ii5S.89 
PPXOJ Para~ pon n'Uhlple)l!Ot •. - •. ..n.90 
14.4K bps ooci<et modem .. 1159 74 

IJ!M TOKEH RING 

lBM TOkon R1ng 16fll tSA .................. ·--· 1122 03 

IBM ToMn Rmg 1614 MCA ·-···---···.. ··-489.Sll 
IBM Token Rmg MAU -~· ·- ···-·..••· 458 88 

infel. 

~... 
09 9(1 

114S.&...... 
3..4 40 
tfl7.U

1onn 
ll'l77t 

T1P9260MD1nt1nw .• " IG?.&7 
fllop1k:fll 21MB 1ntema1 ,_.. ..-.... ...... .. 370.27 
BomoulrOOMB PC PorfnMOCI PIO , • .. .20fl 1\9 
Bomoull150MB ln1omnl SCSI 41'91 I 

ISOMlllfllOttlallOE .... • .... 46UU 
M150MB PC Powlflfd .i .78 

50MB TtlnifX>114b&e ... .••. ... SM.:ttl 

150M8:=nM " =~ 

MICROSOLUTIONS 
Bad<pack 3.5' 1 4AMB flOA'Y parahbl ... 163 40 

=~~:~~~l>A~~~'.lel ........... l::~s 

a.dcpaclc 2X CD ROM p;vllllol . ·- 3n A< 
lloclpodl 250MB ltlpe b<tcirup parallel -- .. 355.0S 

SyD9S 
ProNo1&4:lJ.18partlllel . ... ·-······--·· 418.11 =::rs~~=,;·eXtamai : ....::::....... · .~:· :~ 

Puma t~B P•ntllol .......... ..................5 14 IM 

Msulln 106MB IOE ln1nmaL.... .•..••.••• - ... . '18.21i 


TAPE, REMOVABLE & FLOPPY DRIVES 

Mountain. 
m.250 250MB ICE Inte rnal U19 32 
FS8500 305'-'0 IOE V'\tem11I ...• ... 440 SO 

SideCor II acliMO ~el.-~ ..·-· ..358 n 
1200-4 4GBSCSf el<tomal .......·-·-·-..20'S J9 
7SOMB-t.5G3 'A'hlCSililte< extemal ~· 

WYSE TERMINALS 

Wyr.o 30 amMr' Of green .....·--·-· ..•272.81 
Wyse GS omoortgroentwtl!lo ................._... .223 :n 
Wyse SS smbe1/g:reeni'whlts ... .us a:s 
WV01JOOamb&t/Qfoen/\,tnle .............. ,_ .2.79.60 
Wyse 150 amberfgreen'white ._ ..........--.·· .26545 
W)'tie too tlmborlgmM"Whhe....- ··- ..329.81 
W)'se 325 color .. . - 427 40 

Altec L.analog ACS300 fi?08ker$lsubwooler ...239 69 
Cf88tl\te Lobi Oi&COVCf)' 16 m1cm~ ... .. ...... :ne.Bli 

CteatMJ l.at6Soundea.tiv 16 AWE32 .... .289.22 

Creative Labs Sound8'Mtt11 Pro vatuo oolllun 65 14 
Creauve Labs SoundBSai>ior 16 SCSI -· 1n.90 
Croa!Ne Labs Soond8'asiet 16 ASP MCO •..17.S.87 
Ofnmond 8onlo Souod tu.tic 
Dtamotld Sonic Souna LX 
Mf:KlleMn(llc~X CO· rlOMKlt lntem.I 

Mo(MMC.gtcO P 168y.tamlntnrrntJ 
Mfdo Mngla I p . 1(1 SytlMI lnlf!mal 
Mech Mooe ISP· 16 Sound 80.IJJd 

"''°'°'"'Ha.-... 1QO.ICO 
M l'Ol<lll C1nomAnta 10!>1 
MCtoloft Wl'ldow1 Sound 6yw1om 
tMc:rolOtl EnoAltA 199-' 

MtCf'OIOft M1J11nwH1tA OoolhlWon 
Mao.on Window• Sound SV11nm wlboftru 
Orchid GnmoWove 32 
Orchid SoufYJWovo J2 
6'grN\ Ooll(ll"lt nM!~ g'c l!IO 
Dimnono ~tto !lound Pru upg'°JI 
ftof1'1 Oo•~IOI) Ubrnry wi lOUltd nit111mal 
Sony 1k1op Ut>mry • lllOUfld lnlomul 
Sony DHktop Ubuuy k1l8Jff\ltl 
Turt1eO.ac11Mon10f1Y11oundcatd 
V-L-tr.'B"°""VUl II.Ill 

1 4.6' 
10CI 10 
14 .81 

, 112211 
, )84 10 

T8 4b 

.. l,10 
.... 52.88 

15::1..0 
, ftS 24 

.112 
1ll 10 
11' i1 
1•i 1& 

,.291 jQ 

tl ..11 
.411 .-.... 
4-7,171 
13! OI 
::1.-t.n 

1./3 

CHINON COS535 11/T CO·ROM KIT 3'7 60 
CHINON cnxm EXl COAOM KIT ... .., ... 
f.tltturm F>C ·OO IO 2)( rn1 t<il • ,. , l.&ft 40 
NEC 3XI INTERN,\l ..... CJ!.I 31' 
NEC 3XE EICTERN!ll. ........ 460.51 
NEC 3Xll ""'1111~1 • 309 1; 
NEC <X PRO 80 .00 
ORCHID SCVNOWAVEICO MULTIMEDIA KIT 3>,.I 
PIONEER ORMel>IX 6 DISC OUAORASPIN 11 09110 
Pl.EXTOR 3028 240MS INT Kl1 317.12 
PLEXTOR 60292401.15 EXTKIT... .419 21 
SONY cou-m Int 2X CP.ROM K11 1&0 71 
SONY co~ 11'/T CO·AOM ..... • 214 n 
SONY COUSlll 11'/T SCSI 2X CO.ROM ..... 21UJ 
SONY COU7205N EXT CO.ROM .... 449.11 
SYOOS PARALLEL PORT CD·ROM - ..-28".0 
TOSHIBA 340 I EXT SCSI CO.RO+.! .... .. 441.U 
TOSHIBA 3401 EXT SCSI CD·AOM W/AfJPT All.50 
TOSHlllA3401 INT SCSI CO-ROM .. .>1111<1 

MURTR" 
XGT 12Xt2SER & AOB . 
XLP 12 X 18 1 DUTTON 

......................... 24690 


.... ·- ...................248.90 

....399&5 

AOl..ESS .........6Wi 85 
...........................363.40 
-···-··-····239.91 

canon 
IX4015COLOR SCANNER' .................... ,..M?.42 


• aftf.lf ~30m.tfl0fn.;l11t(U I C :0 (etnrl 8·3 In.I.} 

Sumiil19'2ip"lic::s. 

~~~~gg~mrn ~ rn !6er#V~ ·· ··~~·~ 

F/1r~i:Nr 
HI 7100 A·O SZE 8 PEN ···-··.. ·-..··-· .......- 2598...78 

HI 7200 A.$ SIZE 8 PEN - ..- ..........._.• , ....3387 22 


w~:~~ 
HP SCAN.JET llP·-·····-··········,,·····,,............. 509.06 

HP SCAAJET llP DOCUMENT FEEDER .......209 93 
HP 5CANJET llC~ W/ ISll ... 99$ S<l 
HP SCANJET llCX OOCUMrNT rErntn ,,. n 
llCX fllANSPARENCY ADAPT 113l 28 

EPSON' ,.......-.....1ESOOOC ' 

"'1-ESllOOC llJ<iSOO 
A.ot~n1101 ES800C PRO •• 11 au 

•••.•l ·•J.t.J.Jiifii 
VOA I SUPER VOA MONITORS 

Mllgl""°"'""'"MX15F. 
Ma\11t......ionox15l' 

M"QIMOV-"°"M)(17F. 

Mrty IMCJYtlion MX I 7FQ 

Mno tonovttt>n UX17F 

MllunctYO>I CM2000 1<1' .28 ... 

Mngncwo.11. CMroou u• .28NI , ... 

Mnpvo• CM<I01D 1&" , 

Mngnnvo>1CM40171?" ... . . , 

M8(1MYOll 200M64 20- SlPEC IAl l" 

-WttlM fUJ•pt1-• U.1 t 
Nl'INO~OIW15• . 
Nanao Fsso11r 
N4MoF550IW 1r 
NEC:!V 14••• 
NEC ~V 1s- " 

NEC3fCl£ W .. 

NEC •FOE 10" 

NEC5FClE1T 

NEC5f(lp IT 

N cer0i>21· ... 11191 oo 

"ntl8' $2511,4() mnnt1l1CllJfi)f ntOiffl (ends IWS()'g4) 

philip• Ekillanco 17' .• .. . DOS.00 
f~it 6ttlla.noo !!1' ......_ .. - ..·-·· .... .223!1 .4S 

=b~.~~-,.r .. ... .... .·. m.~ 
Sony 17SE 17' .. ·-""'Al 

VGA l SUPER VOA DISPLAY CARDS 

ADS VGA TO TV ELITE . nu1 
A.Tl GnlOhiet Uttn\t 18..... ..... ·- 229.10 
ATI G"""""" U11m Pro 2MB ... ··--· ..._ ..214.U 
ATI Gniphlc. Uflm Pro 2MB El!lll .................SU• 92 


~UillmFJa"S'\iiti'E~lPY~r:::: .:::.:~:::m·~ 
OIMIONO STEALTH 32 VU! 2MB ··-· .... 23UI 
Olnmonu SPIOdSLM64ISA1MB.,...___ .185.95 
DIAMOND STEALTH PRO 2MB . . ... .. 31' 01 
DIAMOND SPEEDSTAR PRO IMB , 11•Je 
DIAMONO VIPER VU! 2MB.. -····· .. •........337 88HERCULES OYNMllTE PAO VU! ...... • • , .. ~3 
HERCULES GRAPHITE POWER ISA IMB .2'8 3? 
HERCULES GRAPHITE POWER ISA 2MB .....303.12 
INTEL SMART VIDEO RECORDER ........--3611 IO 
Olthld K&l""16'1 ISA !MB .._........ ....... 1112.91 
Of'chtd Kolvln 84 ISA. 2MB . .• ··- ...... U'fi.38 
OrcNrl KeMn 84 VLB 1MO ..._. ... ..... ..149.13 
Ofcttld Kolvin 64 VlB 2M9 .................. ...... 19.119 


No Surcharge For Credit Cards CDW" HOURSIf You Find a Better jNASDAq j MOST ORDERSS..7:00-0:00 CDT Mon-Fri. 
~:aocarS&Price, Call CDW• BUY WITH CONFIDENCE ·ill• SHIP THECOWl!D IS A NASDAQ T""1,._ latCunonwaBefore You Buy r- ---... ---·-~·--~--­_...,.l:lw#f .... -·,,.-..,....~-·-·"'--•«alfTRADED COMPANY u,._,~_ _.,,,__...:ir:i,.,......-__ ...oti ....­ 1.-oo-1:00carMol>l'ri.......,...,_,,.._,_... _""'~,,,.,.......,_,. .....__ 
 SAME DAY9'llMl:aocars..(800) 959·4CDW -·lMll•-...-- - ·--- .. ~.... - ......... - ....
=-~..=.."":::..-::.-.....w::::'-'"' -- "'""""'"- .. .._________, 

http:Mngncwo.11
http:60292401.15


..~~t~'.tft!' 
T1910200MB 14MU6 T1960CT200MB 29MM 
T1910CS 2'00MB 1999.00 T1960CT 320MB J2H.1Jl 
T1950CT 200MB 29'7.07 T3400CT 120MB 3179 .42 
T1950CT 320MB 3213.90 T3600CT 250MB J OSS 14 
f1960CS 200MB 2.i'95.66 

T4700CS 200M8'320MB 8Cl COk>t -- l l 23.741'3369.JI! 
T4700CT 200M8'320MB ac1 COIOf • 499J)Clf464P 00 
T4&00CT 500MB oct oot0t .................... 5495 47 
T6600CS10MB act colol .. -........ .. - ••.. I09P.OO 
T6600C S10MS CO Od co6ot" .. .•. . .. 65~9 . 00 

AS[ 
Advant:'9<l! '411000 540MB 8MS ................. . 1819 85 
Ascentia 41SOO 340MB pe.s cob' ......... _ JJ34 63 
Ascenala 4(500 340MB act cdor .......... •UM9 SS 
AsconUa -41750 340t.AB pas ool0t ...... •. 4045 22 
Asc.enba 41750 510MB ac1 coloc ...... ... - ......5908.73 

BRAVO SERIES 
LC4133$170MB 1126.07 LC4/660340M6 . 2334.60 
LC 4/3.1S270MB - 1352 62 LC4/ 1000 270MB 221218 
LC4fJ30 \ 70MB .. 1J6378 LC ~t000s,40MB 21199.'15 
LC4/330Z70MB .. t689.33 MT4/660170MB 177471 
LC4150S 170MB . 1'2&7 .10 MT 4/'660 340MB .22:.?' 02. 
LC4/50$270MB . t617 .79 MTP60270M8 241612 
LC4l660270MB . HIS8 ,18 MTP6054C»llB 330187 1 
LC 4t'660 SWAB .•2233 18 

Bravo NB .;.1335 200MU l'flOnO - - • 1043 08 
Bravo NB 4l33S 200M8 pas color .• . -nw 73 

EPSON 
ActlonNolt •Sl.C50 120 •moc.\em 1441 O~ 
Action~ 4SLC50 IOOMB• ll'IOl'lom 1&34 I 
AcuonNo to &OOC l20MB• moden1 1IJ22 40
AotlOnNoli 500C 180M0trnooom .. llUJ W 
ACUonl~h' 700 120MU tnOf'() 19fllt Ifl 
ActlonNPM 100C 1X>M~t."11 Cit 246V StJ 
Ac11onNOC.100C~1 0MB aacir '\Lil' 
Ac11onNollt 7QOC)( 210 OQI di 11<>1171 

IBM TnlnkPa d Portabl.. 

600 4/50Sl.C2 &l!Mll 111? 00 350 2501.18 mooo I 00 
llOO~l'IOMB •oo 3SOCt20Ml)pAI 11 ... 00 
:IGO 126MH mono , .•oq 00 360C 250MB '""' 2109 .QO 

PSNaluePolnt 8 yt l1tm t 

41.!SSX 5' 120M B 81• •OOO l04MB 2'71 WO 
<125SX 5' 21™0 ••. 941 .00 40flO S27 MB '7>100 
itl'S30XSl212M8 ... 12H.OC\ '680~:?7MA . ''u~.110 
41$60X2&?12M8 . lfih.OO 4100Cl364MB )"ltOU 
Ptnun6fi>527M0 1,1ti.OO PCl"1000S27MO 1' DU 

N EC 
YEA A NOTEBOOKS 

"MO '20MBcotor"3lJlil.OIJ "~tgMBoo1ot•444t64 

::~~~=:~~~~~~ ~~S2Bt:::4'"· ~ 
nHdy C33SX 270MD CO I IM:4 4\ 
PowmMa•• '433SX nOMO 111'11~ 
P~Ma10 4060X c?OM8 151' 11 
Pow0tMO\lf' -iOOMT COOMB . • 155{1 lfl 
tmege "'oo:HDMB .n1a fU 
ltnagu4't00'420MU ... , , :/414IO 

!':f~~~~k~1eba1e (&nrl. 1J!~)1 u 
PACKAAO OEU. 

FO«:t Molllmedil .41';5 21 \0 , I 92 
Forco 41335)( 210MD • ....... ,. _ fl~ 00 
FOfCO MuilimGOlil 4/33SX 340M8 .......... llli.61 
Force MullllWUlitt 4/509X2 • 20MB ··-· t5 If C7 
FOtce Multtmodtn 41980X2. 420MB.. .. 1tn.2~ 
Foice Mukimedln 6l&O 420MB ... _,........ 2.to6.0& 
FofOl CfSOSX2 340M8 ... ·····­ - ••• t 171.J 
FOf'Ce 4/680X2 4~8 ... .. ........ , 1g,, 47 
f10fCG MT "'660X2 420MB .... , - ....... 17~ . 10 

• Tov.s INS llUJMENTS 

TM4000M 4125 120MO IT10!10 ····-·· ... 1g911 ' 
TM4000M 4125 120M8 adv pn ctr ·­ 21'600 
TM4000M 4/25 2001.19 nctlvo cir ................. ltl81.4J 
TM4000M 4rl5 l4CMB ootlvo df .... 4114 ,40 
TfMOOOE 6)(/25 120MB adv cir ..•.. 174~ -id 
TM4000E OX2/50 200MB d\Jol cir ................ :r.ll!U1 
TM4000E.J/50200M68o0YO cir ............ -. 0010 11 
TM4000E DX"'75 JCOMB acwe ct ---36-M 80 
TM•OOOE ox.n5 455MB e.s· odive c:1r .... ..,a ~ 

CDW Computer Centers, Inc. 
1020 E. Lake Cook Road 
Buffalo Grove, IL 60089 

WHYSITTLE 
FOR LESS? AST Advantage! 

1 Hz d• ldo computer
CDW® 

SERVICES YOU 
BEi IER 

• lntelDX4™ 100MHz CPU • 8MB RAM standard 
• 540MB IDE hard drive • 1 MB video RAM 
• Internal 9600 bps voiceldata/fax modem 
• Software bundle: MS-DOS, Windows. Lotus 
1-2-3. Ami Pro and Organizer. Phoenix Fax, Prodigy 
and America On·Line and more 

Spec/al Purchase'--. .. ... $1819.85 cow43875 

COMPUTERS 
cano11 No1eJe1 nocet>oc»ts 

4133 l~IT0"0 --1!ll2.37 4'33~13~0' ..:J!i17..JJ 
4f33200f;l3tr0"0 ....2014.39 ~13lMBP'ddr 2&16JJ1 
'4.13312tf;l3pisci' -2-tTl .VS0200lt'8Pl'$ci' ... l0141'16 

INNOVA NB 41'33$ 120MB MONO .••. .. 1291 57 
INNOVA NB Ci33 170M6 MONO ............ _ •J68 -'SI 
INNOVANBN33S 170MBPASCOL ........ 187571 
lNNOVA NB•l33S 260M8 MONO ............... 1458.40 
INNOVA NB oi/'lSS 260M9 PAS C~ ., .•. 1959 07 
INNOVA4150L 170MB ,_ ........................... 1329.S5 
tNNOVA4150l.2.C OM9 ... .... _ ... ,. ···-·· t40496 
lNNOVA 41S6L 2•0MB ·-­ ·.. ··-·····-­1'1• 88 

IEM LEXMARK LASER PRINTERS 
.t037 SPPM ......­ ........................ ..... ....O!>t 17 
4029· ,. .. ...... ­ . 1115.42 
4039· ..... -......... _.... ........... 1299 46 
4039• OU?LEX . . .. -­ ......... 1719 8' 
4039 s _..... .. ....................... •-2115 03 
403912l PWS ........ _.......-..... .. . ..... ... 1891 25 
4039 12R PLUS.-~·· ....... ........ . ........ 1 ..09 .76 
WlnWntor 600 -··-··bt(i~'·· ...... _...11S17 38 

184 T\JRBO , .. . 2 19 1.s Ml.590 ...... _ ........ 429 S I 
ML.320 .............. 304.45 Ml.591 .............. 9,5 .81 
ML.32 1 ......... _ ... ,,....432.43 Pacem:st\:.3410 •.1:u2.92: 
ML380........_ -· ... 214.95 OL400E ............... -1 91 .H 
~l]~~c· ..............ir,: ~ OlAtOE ............ 649 31 

L520 Qj.~~ . . .... ' i~; :~ 
~ua' ... ·::. ~n~~~ m"°Ps 11fl910 

CdllUll 
llJIOSX" ... 11411 llJCGOOCOl.OR' •I&?> 
llJ200E" 2• 00 LOP430 LASER" .6 .. Ml 
llJ?.30" 11 00 0000f>l 1Jf1 11M• .1241 &7 

-tN 1111 lf tl •' .,.­ rtrr ( ur. a I I I. 

AP2250 
AP.:!260 ... 
AF'321JO 
LX300 • 
FX870 
FX1 170 •. 
L0570· 
l.010701 
LOR70 

~"911110 
Sdentwn101 o.40 .. 

EPSON' 

1150 , \J.1 '19 3123 ...... 74W OU 

~~ ~:~ ~ ~~ t::: .. t:! :~ 
'124 .:111 o& I "4CO l.AW 1('119 '8 
2130 ,. "'3 IO 4400 l.Mef' . 4!.8 M 
2135Co&or •••21't .71 S400l.uef"" .71"Jttd 
2~· .. .... 40i4t 
"Milt'"° Of •,:i100 mat¥Jf8C1UJOI Utbllt9 (11nd1 0/30ISM)

"'\' lr:xAs INBTRL'MClflS 
. 20 7 . 

Ult:\ 
.....0071 
·­ ••~ 67122 

8.'JU14 
1~!i . 70 

.•. 1&24 :is 
u ·m .. . .. -746':1 

Sl-fARP. PRIN TERS 
S!1ARP JX9400 3000f>l 4PPM .. . • • 4n DY 
SHARP JXIMOOPS 8000PI OPPM . ··~ 16 

m~~I(~ 
OESKJET POATABL.£ :J 10 wlCSF J«iT.OU 
HP DoGl<Jot llOOC .... 311 :tO 
HP 520 ~ ......28900 
HP SOOC ..... tif1 00 
HP 1200C _...... • ·­ 14-49 61 
HP 1200C PS ......... - ........::mn 20 
HP PAINTJET XL!lOO .. .... ­ ...... 225'1 03 
l.ASEAJET • L.. ... .. --· .••679 S6 
LaaerJot cP .• ,.!170.14 
~er.lei 4MP .• . ... ,_ .. , ............ - •. 141l9.lltf 

tr~M~::::::···=:~::::~::~~~=.. :::..iili.~~ 
LASER.JET 4$1 MX ...·-···· .•.• . ­ ··· ·150fl .1a 

COSTAR 
l.abolWntef II DOSIW!n ....... ........ ... • ..... 178.00 
Addret1 Exprou .-.. •· ., .... - ....... , - ....... 32• 00 

~ 
170MB lOE ........205.06 345MB SCSI .....29& 12 
3"5MB IDE ... 2&9 52 540MB IDE­ ···-· 3n.01 

MICROl'OUS 
22 10A IOSOMB IDE .- ........- ................... na1e 
2210 10SOM8 SCSI ... . ....... _ ..... 806 38 
2217 1.7GB SCSI _......................._...... - i036 41 
22101\V l .OSOG8SCSI AV ·- _ ...... - .. .......... - 1811.38 
'l217AV 1 165G9 SCSI AV , ....-·-· .... 109V.22 
1936 3GB SCSI ......... ,.. .. _,,.....- .................2098 00 

c:;::NER 
210MB !OE .......... 19909 426MB IOE ........ w 269.94 
343MB IOE........... 259 51 1GB SCSI ........ -.n9.<tS 
343MB SCSI .... 2~.28 

&?seaaatt 
130MBIOE .......... Jl7 8 1 oiS2M 810E, ..........3J1 .18 
200MB IDE ......... 21-'74 S35MB SCSl·2 .... 655.2S 
26tM8 IDE ..... - .. 237.80 l OGB SCSl·2 .... 734 .57 
3A1MB IDE. .. 249 08 1 69GB SCSl-2 .. 1407.38 

WESTERN DIGJTAL 

28 8K INT 11 Ut 
:?8 8K EX T 
tUfolf 

"""'' w.fo\X 

V34 Annriy wNux inltmnl • 
V34 fleqdy wlhu e.1101nal 
V:le n00<.ty Oun! Sid lnlotnll 
v 3" RIM'Cfy 01111t Sid ,,.'*"'''

(!) Hayes 
~g~~ :: : : ~~;: ~ ~Jr 
ACCURA 28 8K v re wltax ... 
~~~ :~ : ~~ix,4 ,.··ar ... 
OPTIM~ "" 4 • FAX 1C 4 PncMI 
OPTI MA 28 8 • I AXH 4 EXT 
ULIRA H 4 EXT 

I~. 
14 4K wl1RM W\lomal 
14,.iK wJtax Mini TO'lllolK 
78 8K wnax Wtmrn.l . 
28 8K wl'tttlf Mini Tnwet 

intJ 

' • ;tl>ftlt 
.•. 11464) 

..... . ~J . iJ~ 
.......51tn1 

123 . ~ft 
, .. 5 .11 
2'Dl!lft 
MJ.60 
J74 JO,..., 
"391, 
1411 ao 

.. 113 t1
.n•ao 

.......233 .51 
. , 14!UM 

- W9.50&t!tiFAXrion 200 lnternal 
~1i1FAX\io0400 Wlternal ...... 
SallSFAXbOn 400 HUtmt\l 

. ........ uu, 
i ia •K w/fitt lnlomal. 
Ic AK w/hu oxt.emat 

BOCA 
14 4K w1ta11. internal . , , 
14 oiK wnax nx1ttma1 .......... 
28.0K wnax lntemal ..... . 
28 8K W1'llX eX1oma.I 

MICROCOM 
0Cf'kp0rto ES 14 4K , ... , 
De&lq)C>f16 Fosi ES 28 8t( 
Oeakpoft• Fut EP 28 AK 

@ MOTOROLA 

Fnsla!al II 14.4K wltax V.101081 ••• 
FasTo ll1"4Kw/t8w:oxtemal ... 

.... ­ .30tl 51 
• 11 00 
1~9 !10 

•~oo 
1111 .00 
186.90 
21830 

170.00 
.234.n 
.Jo&.00 

11970 
.. .. 139 IM 

CDW• Sells for Less and Services You Better! 

(800) 959-4CDW 
FAX (708) 465-6800 01994 CDW' Compum,Conl•rs. Inc. BYT El014 

BATTERY BACKUP AND UPS 

AMERICAN POWER 
BACK UPS 250 ...... 106 16 DACK UPS 1250 .... 511 46 
BACK UPS 400 ... _ 186.25 SMART UPS 400 •.m.~ 
BACK UPS 450 ..... 11'51 71 SMART UPS 000 .••363 .38 
BACK UPS 600 275.60 SMART UPS 900 .•.514 81 
SACK UPS900 .~ ...'S74 1fi SMART UPS 1250.&U.24 
SURGEAflREST NETWORK ~EW ..........J.t 97 
SURGEARREST PflO NEW...................... ....... aJ.58 
SUAGEAAREST NETWORK ., PHONE ........... .48 65 
UNE·R 601'.L..... ... , ......... J1i-I 099 ;;;; 
BC250. ......... .99.11 
BC400 ...... ­ 155.5'9 
BCSOO •..• _, .• 189.42 ... 
BCSOO LAN ....... J9&,40 LAN ... 459.10 

Smar1 UPS SERIES NEW 
SMART 250 LAN ..23? . ~6 SMART 900 LAN ,·163.83 
SMART 400 LAN 119.22 SMART 1250 LAN S81AO 
SMART 500 LAN . 309.0G ISOBAR< OUTLET 38.95 
SMAAT 800 LAN .. 323 4ll ISOBAR 6 OUTl..ET 46.3& 
SMART 750 LAN ..403 gg 

PCM CIA 
........... ;o4&.15 

,.,,,,_,,,_ .......2@45 
.......- .....-.2.38.24 

..... . .... "·-·····..- 168.70 
Sound+ .... .... ...... ............ 1$4 94 

ERNET COAX. . . ..... 238.45 
ERNET ............ ... ...i'OB.19 

1&'4 -....... .. ..... 447 ~7 

""" , ... 201t JI 
•..1211;;.i 

IJS 1S 
17.!i 1l"I 
J7t\12 

... llli /0
•. :121.00 

HID 
17t.IO 
198 . 2~ 
Cl9 00 
17:111 

.•• 271144 
~llJ lfS 
1~·a u 

'.2'Ulltn 
. uri.11' 
' iti1 70 
nt/4 

.... :nt. lfl 

Ptuae Call COW tor lh• Sisti, Moat Current 
Ptlclr~ and A"allabl!Tty lnlonnallon. 

-£1;' •*'il* 1.1;ru14.1;t ,,, !WW 
:;;';.11~ti~~~/:'I,~~~ .._ .:::~::...:::.~.:-: 
IN'TEL D>W660VEADRIVE ............­ ........ 33205 
KINGSTON SXINOW 25MHZ __........ . ........ 18911 
K'INGSTONSXl'\IOW33MHZ .. ,....... •.. l lHl.25 
KINGSTON "86/NOW 3:JMHZ . ............... 255.52 
KINGSTON •e&NOW 33MHZ ...... -... . • - 431-30 

~ t·t•:•:J·l:J ;C.UJfiJ·l·f 
INTEL 387SX 1 l!/20i2!MHZ • .. ............... 1U4 
INTEL 387SX 33MHZ .... ·-·- ......... ..19.03 
INTEL 387SL ... , ............. - ...... ......._ ........... .. 16.22. 
lNTEL 3670)( . .. ..•. ­ ......... ­ ,,..7'1Ul 

I 

CALL FOR FREE 
CDW@ CATALOG 



FOR MC, VISA AE & DISCOVER 
NO SURCHARGE 

CACHE MEMORY CHANGE YOUR 286 TO A 486 TOSHIBA LAPTOP MEMORY ....12NS 15NS Z5NS PRICE 
650 600 SS> 7900""'a321b8 ;900 900 800 100 

041(...1 II 00 900 800 189.00 
641(.Y4 11.00 900 800 

''""' 3~900 
11)00 

1Z8K•R 39 00 ;>900 
161(.:4 800 &00100 IBM PS/1, PS/2 MEMORY MODULES 

18900 
UVAR'TMI •011&SWIJHJIOO[LIMl. I'll<( :J59 00 
~411tS11tt) llJ.718 370> 19900 

3"'00lndivldu1I D·RAM Chips INTEL Mith Chips ~,,,~~.50Mlt+RIO31lfS..'160t?fJf:111 IOU» ......t!Gl71( 1~kg ri;;t\ 
199.00 

l!lllB lie 'Ml Ual HM 8087 'I ..5 00 =~~~:1~1 1111 12J.J'11.=1f1~ 1 
MIMOllHMBM'Alftl sosr .1qoo """ 

1-1~ f >l5 S5'l &a 8087- 1 7900 !li' fd~"'" !bl/J l5 '"'""!"'"'! ~~1 ,fifil ~J 1s:"slV.10 '!!!~ 6~00 
2-100 ~to ?iOJ .SSlS !iil.S.:C.Stll:>OCll(\)&llll.~J:-3!11SCOO'< 

UUI 807!7·Xl -19 00 &:~fa.'"3 ~06:. 
1940080387 16 ox 19 00.'i'i ii) Ull 585 ~1111~) f\).Jt21 A61. B-11 B-61bSt.»tS41)51: .'.iPI ~I 3600080387·?0 DX 44 00... T8139M 1121,;,~ 3'<1) 10300 '"'' 

IJZ: 11» l!a 80387-0)( (Don AR) 7J 00 j,S&X_ '4$X, !1!.Sl. tiSSX ~!ll..'i. ~$ moo 154900 "' 
•?'Pf lie H~ 80487-SXtDo!s~UI ?9900 ~~~!~~! f6SX. ~!llS.f6SX «JS!( ~ l5lS \l!>DO 9900.,., 9'JOO 

M P1'SI &1'!Sli"J3GSX~ 1 71 llJJOO 
m u~ 115 1~ tn1e1 r.x rDol!s .\II) &9 00 l~ro3S1~ 1?1q P;SI ?lit. 

13900,., :.=rc1~~: 11,.~ 1 & p,s1386SX MOdu-2121 ltilOO
Im~ SL l\t\'11111 ~9 00 
lnlCI IGSX 39 00 l:lil.&::moo 

!MOO 
Clill IOI OVM!l tllC Ch'4):i ~720.5181.ktl! Vllutl\'llll~lc:tllt.UIOI FCGo!Ntt.tlfi6 JS!lOO 

lnlcl ?CSX 1!) 00 :~t:~:y,·JI (IYi!ilt :;11~cc=!."'~f'iltf~ !HOO 
18500 

Wuflf'l.)rt1PM~nw1C1t.PC&.rm4.66 &7100 119 00 

~~:~~~! VA11PON~ PCSm•.tti 1~1900 19900 
11900!.16f9?WJ(ol!MiJ;} !.'?CO 1~009fitm1111iMflll '7200 9~.00

ll1'16U.:g r.:!t&J!,2"qr ~=~~ro= 
114 00)6 !1~~/ij~~~as '""' li.Ul llka ~1900 

us• 1 trts ~.~ er.<11 Bn(16\~I Pnt &l!UIO 

4116-.•14 
 6156129l.SIJ!'l)I 1r,f001t~iWvi~1rz'~ta~~ss NOTEBOOK, LAPTOP MEMORYL'l! l.l lQ 7$>L486S"(S\'fl"' 

lll9J)) 
'1.19 lllMJ '·"" •CYRDC DRx' 386 to 486 Upgrade ~~a~~=:1 

::&1179.'fJ._.... __ Clock Doubler ~~::~~i~l~:: """' ~1?56-00t 002
CX•86 llfl>' 16132 15900 """' ~IJOnt·OOJ.°""'_""'_ IBM NOTEBOOK & LAPTOP MEMORYCX4S6 DR><' 2QIAO 27900 

·~ ..... DOS. Windows, U. OS/l 1.3and2.a 
·~DM..ei1111M1ry~Jl60X CPUsodult 

CX488 D~W'-25'50 ..31900 
• Fasy in lnmll--.bcU 15 mndm CX486 DR>t'-3Mi6 35900 ·----.... "'' 

CX486 SRX2 16/32 ?<900 

CX4B6 SllX2 lOl40 24900 


~~l~:~~~~;~~~~..Yf~ 
g:7Jo~c~~i:~i~r~~ :r;e~&Snuw":~~ 

Ci4SG SRX? 25151.J .17900~~~~~:;:'h':!'~:,:~·•n a Liu;i e al'!o1rn1 ol 

SIMM MODULES (Add $5.00 for SIPP) 
40HS SONS MINS 10HS IONS !OOHS 

1f.4eq,( 9(3t/1tp) 4900 '300 Iii ~.o"00.... COMPAQ MEMORY MODULESltlJel ~ 919 Ch•P> •SOO ·~oo 3900 
4Mog ~ Q 16200 15"00 IA900 MOOll un ' UPGRADED CMPOflART I PRIC(
1&/.eQ 11g lffth1PI 67900 lk'1kP10J.$'ll.J86flll. 21~M llS!0.{)(11 13900 

4&6/25"96>3ll, !llo;\\tll4o•r ll~l·OOt •l900
72 PIN SIMMS (EISA) ~5£.SfL 5',:.Kr.Pro Rllt!Q ~O:t.•• 11f.l68001 14S900 

IM~.Prn3SU,Qb':!3L 116.:l&-0)1 2i900 
Di!U.f'-038&'1!1.3'16'(1" I/No\~~~ 11313'001 ,·,_oo

5900 
l~M·"'~ l!ll~-0\11 ..... 

184 00 174 .00 lf·l i)O 
9600 ... .. bt<.•P.ol86..<r-lfiMltl llttgEtii ..f 1136.lJOOl H~OO 

35900 33900 33900 o1 1~rJpeo •1:1631-00 1 moo 
IU&~).\'~ 113646-001 190)689.00 669 DO 6j;900 
J"~ld:i>..ia 1175.1l 001 J~~ O)145900 141900 

!lw.Prti~'Xll 1-.lroUl'B•I 1136AH01 14!1(>) 
['o»kf\'tllll&'2:.C .\Mt9lill9d ll J&f!J.001 znoo2806 00 2745 00 

17"00 16400 llNo 'lod••lt 1131;1.001 :soo33900 31900 2JtCO649.00 6.19 no ::~:i 3900°t~~se~~rMt.I.UM 
Olli 

Jl)(I) -- jl"'It.:=~~"?".M .ut4tl u Jt•HIQI Ui10l 
l'M l~r"tll"l.Cilff ' ~ :Je·JOO 

II~ OU,~ii 111!')"i'I~~~~~-~·~ tt I ::001 moo ""' IOOtJ(t.100 1 '"" m"!'"":if:"t HIOU 
U •P•ti'lk ~..~.. :~~~=: 

l~lt")U H?llHOI .ll'JJ)AST MEMORY ""' ~~?..\~~ "" Mr~ IM.lflQt.i\ 11~1}{01 10100 
MOClti AM I ll'lllW}t:Q ""' llU(Hlllllr1at•4 Ht)f>\() .l:l.&uU ICl1 10~11001 J.111'111!1'"" (>ll.\o 1.1rJt Ulf:ll3{1/I nwooIt ll l ,",. I UOl. l ~tf,/.. 4 .... 11 !Miil 

1~1111 ~~!:~ t~= l'l:w ,. 14:1'JIH~ll 00ltt.&111 Mll°"UIl\111,...118li~llS W~1~ ;' tf!Q 141116001 1cr100 

11'''''"... 1111' l lAf\l 1-1171~ 001 , .. 0) 


r,..,"Jll• 4V•l:I !!I \II l··~•OJ.a~.i~\ l•ll 4~ •1)1 tl~ Ulf!lll)I)) 'lo, 


t"'u,~1tU 

""'" 
'~'""''"1Ml lll ...... ,.,1. 1111 ,1'11.w'C"ll'll'~l!!f.j f'rlt.Ul$Vfl Hlf.GIQJI l~flJ 
l"t•m Moo l'tt1"11.11'1•J(I J~ 1lfl(l(J '""' ~~~=:~.,,,,. PCMCIA VERSION 2.0"""" 

AMT U 

"""" '" 'Ill !C.,, ....'i11tM,'l••
,,..,,.,_,fl.,Ulflt•111:•.-,•11 
"'""llJti&">(,~"
'•-•wtC11ha'lfltu1llla:1-u1"*" ., <111o:i~;-ois 

..... ')fJilJ-j)OCJI} 
l(llllt1, , .. 114 111'1 
lllll• 11 
Vill;l!li.'ll 
!llOH!o'.llAA 
liUll'IOOll) 
trilll~MOIU 
lillWfllO'> 

Pt•1t• 4 UJ. '131 •~fin •"""1 .,.If\.. . 
................·­ l\OOAll I 

ZENITH MEMORY MODULES 
AM1 UPOttAO(O 

IMID
J1Meo 
1M11i.t 

MAGNAVOX 

,.,,,., 
)Jtlll•.... 

11 ~l 
fill~•ll 

lh'1 1 
IHI•)) 
1141)J 

"~'Y!YK~~~l'I' iio.:n :::~~~ gj;
'~ 

ll!IOO 

:::~1~: ..... ,....~ "~ "''"' COMPAQ LAPTOPS & NOTEBOOKS 

CUSTOMER SERVI CE & TECHNICAL: OPEN M-F, 9-4 PST 
All pioWcts Brand new & guinnteed • We buy excess lma1to<y 

T1adema1 are mglsterod 1Yilh /Mir resnectn• companies 

2281!5 Lockness Avenue • Torrance, CA 90501 

MOllrl 
l1flll~ l.;inJlol Ml f 1 

fl nAM(;.m1111ML(i. 

1!11 
" ., 

"' 1W 

• ' • • " 
'" 

H ti 

119 

,, 
!di 

:I "" m i ·rn SlOCK.]·'" Qt,,,. • IJI ' t••IWI IOI.. ::J '",. 
" !~ 

J.l 'f 
II }II,., 

~ 
"_M•! 
lit'.! 831 

"" 
"' II!: J.10 

ll!I 

" 
1·1" in 

1'11 

"':~ "" :~ m 
OJ 

c.1h c.i~ ~llt9J 1791 
89 H~ ,., 
" 7!1 l!t9 

H.P. COMPATIBLE FONT CARTRIDGE 
8AR 

TUR 
fAX,.. 
Oki 

Price> & Avallabllhy CAU ESTA8. SORRY, Mon·Fri, 8:00 a.m. to 5:00 p.m. PST310·539-0019 Sllbjet lo Change 1-800-433-3716FAX1 310·539·5844 Without Mollet TOLL FREE (US and Canada) 1985 ~O Will CALLS S..t. 10:00 a.m. to 12:00 noon 

Circle 215 on Inquiry Card (RESELLERS: 216). 

http:Wuflf'l.)rt1PM~nw1C1t.PC&.rm4.66
http:J1s:"slV.10


port 

Multiple
protocol 
 choice 


solutions 

When it come t product that help your system 

grow, choose orollary. As leading technological 
innovators, we set standards worldwide. 

Take for example our -bus® mu ltiproces or 
architecture. Or our multip rotocol communica tions 
·ervers and our complete line of intelligent 1/0 
mu lriport ubsystems, such as the new 8-port 8x1DC 
with high-end ca pabilities like urge protection and 
115.2 kbps at a low price of $525. 

Count on Corollary fo r balanced, relia ble solutions 
that add power, expandability and flexibi lity. 

For more information on how to solve your 
ystem's growing 

demand , call COi OLLA G: Y 
800-338-4020. 2802 Kelvin, Irvine. CA 92714 

In USA 714·250-4040 Fax 714·250·4043 
See us at Booth#374 In Europe +32-3-825-37-94 

UNIX EXPO Circle 299 on Inquiry Card (RESELLERS: 300) . 



Y1<tto Ol/ 16S; ?OP(, Rl/20; 20(; 7S, 15C 
4MI r• 01142 odMll 1189 

Yem• 3U/ 16H, JU/ 2011, 316/2SH re 
lMJ 07406.I -· 5!l 1118 07404.I • - $310 

Y1<1'a 416PC; 111; 331; 416s/20; 4/2SH; 33N; SOH: 66H 
?Ml Ol381A ... .. 115 IMB 011\U _ 1311 

Vectn 386/ 25; 48'1/lSU; 416/33U; 48'1 / SOU; 416/66U 
!Ml 073111 ..-.-... Sl5 IMI Dlll21 _ ... SJ~ 

Yo<Uo 316/ 33"; 33 
2111 071141 ___ 191 

lMll>o l"'d OP~l~ll0?.1103 _ 

.Zenith 
z.s...... 42SS!, 43301, 4SOO! 

4MI Mf 437 .. SI 57 
8MI Ml 101 ···--· SJ62 

Zul~ Z·3'6/20: 2S; 33, 331 
IMI ZA3800ltl 13'1 
4111 lmOOMI Siii 

Zni10 Z·IUll/20, 286lP+, HS 
1MI Q1 1·601-1 _,,..._,,_ 

lMI 334141 __ SllD 4MB 334418 - ms 
llM losw 4029 ol MOflk 

11'1 1183134 ._.SU 4MI 118333! Sil/ 
Oka.... 400 

IMJ 10014701 147 lMI H/I SI06p_.,,. 4410 &4430 
llll U Pm __ \116 4MB N/A 5191 

, ....... 44101~4410 
1J1J u~m _ 1121 m Kl• _ 5111 

Ttaos l•\l1JaKtl1 Mkroltw imd Xl 
Ull 11!11)9.0DQJ 546 4118 

Clrcle 195 on Inquiry Card (RESELLERS: 196). 

~EW Cooc1<lo 416 

Co"'"' 3/ 20, 3/ 25. l/25c 

Coo11<0 4/25 "''*' 
LT! 3US/ 20 
LllU1t20; 21; 21~2S. 

LllUl14/2S< 


SlT316s/2D 


IBM 
tlEW PS/ 2 mm .. 11WokPod 100, 

100c, 720, 7201 

NEW TlolalPad 7101 

HSI Hol.00.k (All 

l4~11, N33SX. Pl/ HOit 112 
l40Sll, Pl/ No11 182 

NEC 
~EW Ul11oU11 v .... (ol ll04tlsi 

l&.rlll6•9~IS50f...,,l l6!1 " 11 '>'19 
U11rcw1' 111, !l/2SC ?Ml--·SI! 

4111 __1111 
Ulc.0U11 ll/20, lt/20P li11 __579 

611J ___ sm 
Prolplld 286, 38'111/ 16 4MJ __S179 

Texas Instruments 
''".W.113000 (ol ood1b) lN! --· 519 

~£W 	lme!Malo 4000 (ol offols) 4MJ ..._ .. _ 1189 
Tc.,IAMa11 WloltC/21 ?Jll..__5179 

PERSONAL COMPUTER MEMORY 

AST 

ijf Pi;l• IOllSI OOI Sil! IMB SO»l!001 1361 
111•• 3/U,

?Ml S00/10 Ci0-1 S!I !Ml IOOl24 OOL Ill! 
Al.011.,.1 !161X/20; l!, Alvool'lt! l'!o SX/lS! lco., l /331 

1111 IOOff? 001 .. Sit 1111 SOil!6 001 sm 
Al•NllJOl Pco 41601 /33; 11/21, ""•LC 4/21~ 33: ll• 
S04:4{iM

?ill IOO'lll 001 Ill 4MI SOOlll 001 Sill 
P•i:" mns: " 'm~=o;,1:;:is1/'." 10:_2~1 
Uvullfll 4U/2li ll: l3p; 11201 l<n14 /11;48'>/21: 
Pr..... 4/ lS; )If~ ltrflf SI 4/13 

)Jll S00711 ll04: llO 001 149 

~1;;1;r.: mr::i~.!l:;.1:12ir;n."4~1·~j. ~mi;
Ii: 331; llTL Pr- II 1U/2S: 31, 4*6/33, d~l/lO 
'''"'""" S..vor SI 4/ ll

4MI 	 SOOllOOOl 117! 1111 
Compaq 

r..u." l/21~ 3/2ln
lMI 14173'001 .. II! 1111 

~ p.,u.,. 4/25', 4/ 33, 4/SO 
IMI 141117001 139 lMI 
l~I 11'6dl rXrl Sii i 

DtM" 38'1·20, ll 
4MB 113137 001 1110 4JU 

0111r.. 1161/ ll 
•Ml 	 1111:M 001 mo w 

~E Dtur" l/21< 131.4/25~ 331: 66' 286K: 3'6K: JUSX/ 70; 

~!~.l!:l:f~ ~ t:::­
)MI 	 11161! 001 • $11 
4MI 	 111690 001 1111 !Ml 111117 001 1314 

Prtllgolo re S..v1< 416/ 31; 012/ 66 
llMI 	 149310 001 ... SM! 

DtM" 316-13, 416·13, lrsl""P" 
1MB 	 111144 001 S!9 !Ml 116161001 SJI! 

Dell 
Ptwlf 0.1~1., llSO; P, 3330, 331P, 433P, 416P, 4160 

4MI 	 310 !SOI -·-·-..- .... Siii 
r.w.. lloo w..luOlloo 120; 411; 433; 4SO; 4SOOl / 1, 4660[ 

~EW ,,~~u..~~~~:!1;41o;~~s; o~~s0;3~~~%.461~62 
l lMB lil 	 !101630 .. ...• 11710 

PMform1no T, l. l M 5ttits 
llli 	 3101315 _ \Ill IW 310-ll17 1440 

HewleH- Packard 

1111 SlV' 
ill! Sl99 
4M.I ..._ ..,_ 1111 
BMJ .._._ sm 
4M.I .._,,_ Siii 
1#1 .... _ ..,_ SJIS 
4111 .-...- S2l9 
4MJ .._._ S2l9 
!Ml ._Slll 
11.111 _ .. _ sm 
411'---llll
a/.ll __ S399 
4MJ __sm 

4Ml __ l?09 
1111 ___ $38! 
161!B-~ SIOl9
4M! __S189 
w 1319
1111 __ 599 
4#J _,_5119 
4111 .. __ 5149 
1#1 __5291 

4111 __ s221 
IM.l ...__S«! 
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C, C++ and BASIC programmers, 
now you get much more than 
xBase compatible DBMS power. 

l:_ousands of programmers have 
already discovered bow to get dBASE, 
FoxPro and Clipper compatibi lity with 
their favorite language and hardware 
platforms. For example, one customer 
has C programs running on PC and Sun 
work tations sharing data with 
concurrently running FoxPro for 
Window applications. 

You see, CodeBase technology is 
simply the best way to add multi-user 
xBase compatible DBMS power to C, 
C++, Basic or Pa ca l. 

You still gain speed & small size 
CodeBase users really appreciate our 
smaU executable size. Unlike SQL 
engines which are a Meg or so in size, 

deBase 5.1 X '. can be a mall as 
45K ! You'll al ·o like the speed- with 
our fntelligent Queric you get the 
execut ion peed of plu tunning 
query perfi rman ·e from our mart use 
of avai lable index information . 

Now forma 11ed data entry in 
Window · is as em') as point & click! 
Experienced Windows pr grammer 
know formatted data entry i difficult 

CEE.2A8St 
DBC.aatS4 
FA0-3664AJSO....,.. 
REE-87116S 

IH! 4 IC\l •I Hl•!,liil 

llllb-­_,111111 
Lllll'llce 

-v- s~!!!llllllb--- .i;:1:=;;;;;;;~Ill 

Introducing the uew odeControl , a uni4ue 
et of data-aware custom controb. ow simply 

drop them into your Windows application vrn 
your favorite visual interface bui lder. 

to program under Windows. But with 
our new CodeControls you can simply 
'Point & Click' to design data entry 
windows for date, numeric, and 
character information- fom1atted just 
the way you want it. 

NEW-Data-aware control 
Our new custom controls are 
data-aware, so now you can easily 
build a scrolling list box that's tied to a 
data file, or look up matching combo 
box entries- even as the user types. 

IntroducingCodeReporter 2.0 

l111rt1tl11d 1q: tlw " " '" ;odcReportcr 2.0 our vtsunl, 
interactive Ba:,c report writer. Wu d..:signcd it 
with developers in mind, but end-users wi ll I c it. 

Crealea wide 1ariety of reports 
-vi 11ally1 easily, and i11sta11tly. 
Use CodeReporter's new Instant 
Report Wizard to creat a report- in an 
in tant. To refine your report simply 
drag and drop report object - for data, 
totals, text or graphic - using the 
interactive layout creen. 

Easi ly build report queries usi ng our 
calculator- tyle expression bui Ider. 
Then get your reports lightning fast 
through the built-in Intelligent Query 
Technology. 

And get multi-platform portability. 
Once your report are designed under 
Windows, you can generate correspond­
ing source code. Use this source code to 
law1cb report under DOS, Macintosh, 
Windows, T, OS/2 or UNIX. 

flltrod11ci11g Codelran,lator J.O 

Now you can automaticaUy translate 
Clipper dBASE, and FoxPro code into 
C++. Turbo-charge critical xBase 
applications, port to new operating 
systems, and gain the flexibility ofC++. 

CodeTranslator keeps your variable 

Get Two FREE. 
ow when you buy any one of our xBase 

compatible library product : CodeBase, 
CodeBase++, CodeBaslc or CodePascal 
(for the language of your choi e), you'll get 
both the new CodeReporter 2.0AND the 
new CodeConfrols 2.0 absolutely FREE 
- for a limited time only. 

To Order Now Call 

403-437-2410 


Unconditional 60-Day Money-Back Guan:m1ee 

SEQUITER 111~ FAX 403•436•2999 
OF'IWARE I N C. ~ UK Tel. +44·81·317-4321 

P.O. Box 575 Newma1kol NH 03857-0575 

I (GI Ylc-w Be rt Relld.. ~~ 6rU ,Qtil«l i !Yk 
-· . 

Quarterly Soles 

Atlas 
Software 

names and uses the CodeBase++ 
library- making the trans lated code 
easier for you to read and maintain. 

Buy One, 

0 1994 Sequ:te< Sortv.o'O inc All rights roserved. CodeBose. CodolkHe++. CodoBoslc. CcdePoscol . Coder?epo1t6'. & COdeControls ae 1rodefl'01a Of Sctqullm Soffworo .-.C AS 01ner procluet names ore t1odemor\u of their respectove companies 
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oatabrielr 
The newest addiuon [O Datalux's family of space-saving compu[er produm! This 

I 4kg unit measures only 26x I 2x5cm t I O"xS"xT). yet is powerful-486SX to 486 

DX2/66 with local bus vrdeo. Intended for situations where space saving is most important. 

it provides a rugged. porrable. flexible PC soluoon. bridging the gap between a laptop and a 

deskwp PC. Databnck drives both VGA. Darafux LCD and Touch LCD monitors. makrng it ideal for 

institutional. presentation, vehicle. machrne conrrof and POS systems. ft can be configured as a diskfess 

unit (booring from fiash memory or from a network) or a stand-alone system wr[h hard disk. powerful 

enough for today's CAD or desktop publishing programs Hinged lrd is removable. 

Orders and Information: 1 800-DATALUX 

24-hour faxed data sheets: 703 662-1675 


LCD Monitors Space-Saver l<eyboards 
Daralux stand-alone monrcors are avail­ The popular I Okq desk 

ble rn both I 8 kg desk/wall fwhrch anc1 4kg portabl 

folds ror portabrllty) and 2. 7 kg molill I flat mod Is save 

1ndustnal. 64-grey shade, mono or 256 60% of the 

color DUAL SCAN v rsions Both are normal d sk 

9 4 • diagonal 64 0 x480 VGA and can space. w1tll full­

be fined with oprional rouc screen with integrated touch travel. ra tilly 1esponsrv keys Fompnnt 1s only 

conuollcr. The mob1I /industrial un1t (p1crured with swiv I 28x I 6cm (I I x6"), but the I 00 keys have 

mount) is rn rugged lumlnum housing with sealed S[andard I fr-10-righL spc c1ng Both mod Is 

front bezel <1nd conu ols !VI models plug directly rnto the are XT/AT/PS2 compatible and ar available in 

Databrick or are supplied witl1 a I 6-brL ISA bus contrail ·r many languages. 

Desk/Wall Pacl<age 
The Oatabrrck combined with our LCD rnonrtor 1s an 

ideal solution when you need a complete, compacr · .... ,.. 
PC and screen rn a single unrr Any combinauon of Ii. }:;. .
options may be ordered. When folded or 

mounted on a wall. Lhrs 4 kg unit measures only 

29x74x11 cm f4.5x9.5x l I") and 1s rugged enough ~: ..... 

to survrve as a [QUCh system in harsh environments 

such as krtchens or factories ~ 
__ ..., __ ..., __ ---- DATALUX Corporano Daralux lmernarional, LTD............... 


I55 Aviation Drive Euro House............... 
 Winchester. VA 22602 Cums Road. I I Old Water Yard 
Phone (703/ 662-1500 Darking. Surrey. UK RH4 IEJAmerican Made Fax(703j 662-1682 Phone 306-8 '/6718 


Space-Saving Computer Products Fax 306-876742 
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With Backpack's unique printer port connection, 
family support has never been easier. 

enjoy the new member of the fam ily. computer. And because your printer attaches 

Just plug and play. 

It's the no-hassle approach 


to additional storage. 


Adding additional storage to your IBM 

compatible, laptop or notebook has never 

been easier. The backpack~ family of no-slot 

drives plugs directly into you r paral lel 

printer port to provide you with additional 

storage instantly . Using them one at a 

time, or daisy chaining up to four together, 

there are no interface cards to insta ll so 

you don 't have to open the cabinet of your 

directly to the backpack drive, you don 't have 

disrupt your print operations . With the 

backpack family of diskette, hard, tape or 

CD-ROM drives , you can easily transport 

your Information wherever you go- just plug 

backpack into the parallel printer port of any 

IBM compatible or portable. And, of course, 

all backpack drives work with Windows'." With 

backpack, there's no hassle. Just sit back and 

I Micra5olution§ I 

132 W. Lincoln Hwy DeKalb, lllinois 6011 5 Telephone815.756.3411 FAX815.756.2928 

Call Toll Free 800.295. 1214 

Circle 203 on Inquiry Card (RESELLERS: 204). 



the support is more 
important than 

the name 

TEN YEARS of 
ULTIMATE customer 
support yields the 
ultimate answer to 
customer needs. 

~ 

The A Pentium Notebook 
For some of our loyal customers, our new Pentium Notebook simply represents one more piece of 
excellence, one more solid industry-shaking design from a company they can count on for true 
support: SUPPORT that has kept them eagerly anticipating each new breakthrough product, year 
after year; SUPPORT that makes it safe to depend on innovative products that other don ' t know 
how to support (or even provide) yet. 

For ome of you , this on powerfu l new product wi ll bey ur first intr duction to our family . We'd 
like to take this opportunity t pledge the ame excellent, p r onal support to you that we' ve 
offered each of our valued customers for the past decade. It's no secret that, when you pur hase a 
notebook computer on th cutting dge of technol gy, you enter into a relationship with the 
vendor. We'd like it to be a rewarding r lation hip for you. Ar lationship that, like your new 
notebook, wil l simply and completely outp rform all other options. 

With the Micro International Pentium Notebook, you can grasp a piece of the future today. Plus, 
our 486DX2-66 and X4-100 notebooks are ' ti II at the top of their c lass, providing outstanding 
power and performance at even more affordable prices. 

So when you need the be t, give us a call. We have it in tock and ready for you to enjoy. 

Micro international, Inc. 
10850 Seaboard Loop, Houston. Texas 77099 

1-800-967-5667 

Office Hours: Mon-Fri 8-6. Sat 1 0- l, Sun closed 
Local (713) 495-9096 Fax (713) 495-7791 

Circle 211 on Inquiry Card. 
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..... """""'18' 
f'S2SO. ~.U"D. OO, ~-­ UM& 1'911W Sl08 

bl~ MS0609 '368 
'5/1 Ccri~. h~d.&p.rt~..O. ..... &f'SIV~ 
..~-.,.c:u.-"" . ··-- 4W'. _ W:fW90 Sl9A 

lttlo'6 ~IWI 
PS/'l"lGA':Jl :AblJl1\; 161 . P'S/J ~. ~&&p.1 
.,.W.-cl l , 11-13&•1 .., ~(n.-0..1"4!.~ J39

""'- O<>Oc<lll .. 1119 
l'S/1l5Slt.l5.~SMX:ts. 6jSX._ .. """8 J.«f?93l $178 
ts,/'2'90XI'. 95:.P, '1~f'ainl. M.V pil76, '11.PS/1 Pta712l --. 

- ·-·--­ ... .... - • ···­ 1}16 .. 6'50901 _ Mil 
l'S2 .., 9SJP,P7S.....iS6, S7, iolll'S/I C..-. ~­
.., ll . •13& · 1' . PS/1~71'2l, RS/6000 ~ 64.50128 $17 .. 

IW8_ ~•JO $338 
'5'2{21.ss:<;l.$; 4062. ___ et.tft ~ 6'50129 UJ8 
l'S17'0'u1ndl0'• -·-----­ 2-8M& -~ $201 

3,flfllOMOS 2.1.w& _ l llXITI $D5 
J2Bll' ftOAIOS 41ilMIS - 343011 $3 18 

P.SnB1M21 : A31• .-01 --·--·--·-· .. ~ 6l!i1oeo s1aa 
P'S/78()..(MI •··-----····--­ 1Nri... 6ot50J7j __pg 
l'S/280-11 f;JI ); 1'21 :l11~081 . l~ I .. 2'-'6 ... o.ts(XJ19 • $9' 

'°IOl!!C/l\IXXll""8\l161,""'137M11\ $1>911,-132'1_,.......Me.-y 
twpod300.""'bta1f'lla -····· -­2NB ­ .!t3GQ'288 Sl21 

QS1SI ....._ -·­
Tl""podlll0,100C, no.noc 
llidpad7101.7.50,7M)C. 

M 3'09289 "68 
~-· 60oOJ1I SJ58 ..... .. tJ)lf:JJ7'/­
~ .sJG69S9 sm 
""""""""'­~ WGl.t20 .s;m 
M 01GIDI S37t 

TONft .....---­ $998 
Aue ­ N/A $188
8't4!o ___ N/,.. .$318 

·· ~-------------~ "--------~-----""""" 
156X16WM\ lS.00 38.00 l"S/NullNA5Sl ··­ ... --·-·· ·--· '2Mli 92flflM SIOB 

P'S/'2ModolNll , Nc11ebooUIC.Sl M .. 01Gf876 •. m 
.M§ .. WG1817 Sl88 
M 07GJB21 .SAIS 

tapr..p N31SX,1"1Sl&PSN01E 18"2 ·~ _ ?NB 1W0999 .. SW 

I 
I CONTROLLERS 

sea 2HordO..-MfM ··--­ .-....... S49 
88'1 2HatdDl~RU - ..--·······-·¥· .....-....... SdJ 
16~ Hardandfloppyl . llnlel*"'e _ ... ···-··­ S3A 
SCS OIC3'>801'-7""-1 ----...--....... 1139 
SC9 ......._ 17'2Al2BITBS/' - ---·­ SAIS 
SCSI ,..._?WBU:IY!'I .... l3C9 
5C9 /<locllO< l~i2Cfe..Mo.....,, ... nli 
LSIJI OICAU"2A . ... 11'9 
ft lbdonlylMi ' ' ... .•. ... ~· $9- ---·ltO ---· ··· C<ll"" 1""110.i.. . ~ 

1bdu••ltl•oo1 I" ••I 

MEMORY BOARDS 
llOCA AT PLUS 

1 0 811 MfHOli:'( 8™iDf<Jl 186, 386 
CIK · $14.GO ~·$1'°'°° 

- -$'J38.illl--$391..DO 
BOCAJtAM/2 PLUS 

,.... rsn 2"' ....,.,.. •MEG SIMMSI 
._..Sl91 --.PM U..$431 

2-8M8F<>RPS/250&60, 
2Mu11•. ­ s11a. ­ .­

··­

"""4 ­ 1'ilf1000 $18A 
twe 7W1001 SJ.'8 

------------""' I SIMM 
COPROCESSORS 

CPU'S 

intel 
911A8601/» 1188 
ll0486Dll/33 UI'>< 

eo.186DX2/.. 1:198 
80<86SX/25 .. 178 
8'>186Sl!/l3 S96 
l'(NllJMOO --­ 111119 
IENllJM66 ....... 11'111 
rlNllJMW> - -· 1'17• 

1 ll04860"'1tOO ·­ 1666 au COCllHlFAN ·-·-· s9 

I 
I 
I 
I 
I 
I 
I 
I 
I 

CALL TOLL 
FREE 

800·982·2925 
.., U.S..... c-.in- ONen HlyI __.. , ___ / llATl--­

1 llClllW I CUl10Mll lllYICI CALL: 
(702) 294-0204 

PURCHASE OllDERS & INTERNATIONAL OllDERS 
FAX TO: 1702) 294·1161 

WI IUf DCISS lllYllllOIT 

I 

MODULESI 
I 30 PIN SIMM MODUUS·- ---­•• "6"9)30PINI IQ II? II> Ill

IMCGlll­ ll1 131 !<A SAO 
IMCGX•()Ol'W<) 134 139 S.0 IA6 16' 

I ~J~~~>"! 11:11 t:: 11'" 

I 
I '7 2 PIN SIMM MODUUS 

CPU DOUBLERS 

Run• ol lwlce ihe speed of your origlnol 386 
microprocessor combined wllh a 1 Kon-chip 
coche. ldeol for any DOS, Windaw•orOS2 

app(icotion 

CxA861l!tx'· I6/J2 ................................... $238 
Cx-486Sb'­20/40 ._............... ..-----· SUB 
C.486DI0<'-20/AO ............. ...... - ............. $258 
CxA86Slb"'25/50 ................................. $1.59 
W8601hc'-25/50 ............ - ... - ........... ..... $298 
C:.4860Rx'-JJ/66 ........ ........... _ .............. $338 

'°'"'"'""Jl/41/lOU."°M.l
llA\IOJ/]l'S ""' .......,.,..... -ltHI 
NNANt/IOrt04atiaJ/llJQIS, llA'l'O 
ICAn",33, 135,»I>, ' '6c'!O """... .... 

·· ­.............. 
IOWUl)[Cl/25ll. l/l.lll~h "" 

"'"-­,.... l'lt:MUllEXLC1a&.~;?SC AM8 
lllAY0"6&16 .we ..... 

-··)I Ill_,.., 
"" 1191 
11\M 

-"-7001 Ill_,..., Sill_,..,, l"I 

'l'IUU1 SHIPPING' UPS(Mln S8 .25) Sh;pp;ng chorgou><• 
non refundobl&. Pu1chos.o Olden. hom Un1vet$.lfJO:i, Fortune 
2000&Go-nmentAgonc"", NET30onappnMll COD odd 
$5.00{Cmh;onchod) 

COllDITIONSa 20'X. Ro)lodlng foe on 1ofund?. 
w1r+un JO doy•. No rofunch Of e...:~ ohef 30 
day> - WARRANTY REPIACl'MENT ONlY. AU -
PlllCtSfNAl PlllCl'SSUllJECTIOCHANGE Mlg 1 

po11 #'s for convenience onJy TrodemoAi a1c ~ 
reg1~tered with their respectivo Co.'s. 380, 387, ADI 
287, SX, O<O •ademooltsaflntol Corp. avrm• 

• • -----·······---- ---· ------------------------- l'_ln.._lD. 1 QQ ftft lnn..u.I~ -~~------------------------------­



"Ifyou support PC's, The Troubleshooter 
is likely to become one of your most 

important tools... n • lntoworld 
1111 .............. 11111 llOll.......PC........ llftnre nallftle lllat realfyftmla lllt llup. 

Tiie TrDHl.....ltypmes DOS I llitl 111 mjlr lllldwll'I _,_dblctlytorlnlt Hm11CY 
wllllt dlar programs often give llr8llOll llll flllllll l.aaded wllll all tllt 18111 yaa'll need It _... 
rately llllale lie •rce of PC fallllllf • Tiie Dllcmry carP II Ille only accarate way to 180% 
l8lolve OMA lnll IRQ nnftlell. • Tiie ,............. dehgs nan dead PCs tlllt woni float. Get all 

tlu'le In akit ta kHp any PC out of trouble. Call new for specs &special package pricing! 

'11 model ofelegance and clarity. 
Skylight stands out. The Editor'sfl11 Windows, Choice is Skylight!" · PC Magazine 

Having problems with Windon? Skyllght1"' II the answer! Canella reporting and troublnllooting on 
Windows problems and conflicts makes Skyllgllt amat hive for any Windows 11111'. Mulmln speed 
and performance wltll PC Magazine's 11 Rated Windows Troubleshoollng Tool. Call today for pricing! 

''DrlvePro makes installing & 
maintaining hard drives prac­.f1ns1a11, set·up &maintain hard drives, tically fool proof." •PC World 

DrlvePro™ provides fast, precise Installation and maintenance for any hard drive. Override BIOS llmlla· 
lions for user-definable drive types. DOS formal any size hard drive In under 30 seconds. IDE drives can 
be Installed In less than 60 seconds. Allows Iha use of IDE drives with MFM/RU or ESDI drives In Iha 
same system. Retrieves the manufacturers' recommended specs from the drive Itself, plus much morel 
Call now for pricingI 

'11 gold mine for anyone 
who supports PCs."fi1ta1 hardware specs &information, -Computer Shopper 

The Technical Library on CD·Rom™ Is complied from over 50,000 pages of technical hardware manuals! 
Contains complete configurations, specifications, diagrams, settings, component locations and other 
vltal hardware technical information all at your fingertips on CD·ROM. Includes main boards, network 
interface cards, hard drives, controller and 1/0 cards. Amust for any service department. Call today 
for special pricing! 

and learn ow o resolve ••• 
• Drive Crashes/Data Loss 
• IAQ/DMA Conflicts 	 International: (8'13) 539-7283 
-	 Intermittent Fallures Fax: (8'13) 53'1-0200 

AllMlcro,lnc_- Overheating 
1882 0 U . S . Hvvy. 19 N , #2 1 S 

- Power Problems_. _and more! 	 C learwate r . F L 3 462 4 BM 

O 1994 AllMlcn>, Inc. Fix Arry P,C Fast, Rescue 0814 Recovery Sottwaro. The Discovery Gard, and Tue T- er are trademall<s ol AllMlcro,lnc. Al Rights Rese!vod. 

Otllor names ere irademarl<s ol llloir associoled owners. Spociflcallons s<Jtljecl 10 change withoul nollce. Somo syslem failures mav be beyond repair. 


Circle 210 on Inquiry Card. 



1ell.Hl 1.!l.E/J..1 ~ LJ..L~r !J..IJ \!J.:R·z1~/.:l.2 l![\:l (£/il 
ri...-~~ D ACIFIC COAST MICRQ !

Ci" N C 0 R P 0 R A T E D i 
4901 MORENA BLVD., SUITE t 111 •SAN DIEGO. CA 92117 

FOR SALES CAU. TOLL FREE 

1-800-581-6040 
Cu$l~~i~ 

PENTIUM PCI P90 
2mg to 128 mg,72 Pin Simms, 4-72 pin Simms1 512K 
Cache, 4POI, 2 Vesa, 5 ISA, 75, 90,100 Selectaole 

INTEL 486 VLB 
81/2'x13 

PENTIUM PCI3VL, 5 ISA Slots, Award B[os, SIS 
Chip Set, Ziffsocket.. 256 K-cactie 

FX001D lot, double speed; 486 DX 33.................................$345 
3PCl-5 ISA Slots, Intel Mercuiy Cllip Set, 
Phoenix Bios, Zilfsocket 

250ms, 16 bit card ........................S169 486 Dxe-oo..................- ............495 586 f'60 _..........................................$ 959 

TOSH I BA 486DXW/OCPU........................109 
586 P66 ............................................... 1129 
Pentium Board WO/CPU ......._ .___...275 

TB3401 Int. double speed, 200MS, 
300KB's, 256~ buffer, multi-session, 

CYRIX 486 VLB IBM 486 SLC 2/66 

Kodak photo CD. ......._..................$329 

NEC 
3VL, sISA Slots, Ami BIOS, 
Opti Chip Se~ 256 K-cache, 
upgradeable to 486 OX CPU 

411 Chip Set 
486 SLC 2166 ............................$249 
ISA8Slot 

486 DLC 40 VLB............._ ......$219 486 SLC 2166 VLB .....................289 
2VL Slot, 5 ISA 

VIDEO CARDS 
CR:::AT!'i:;;: 

Ol8COVERY '18 
Soondbias!er 16, 

2~ Speakefs, llool*l Speed CD 
ROM1 Ndus~llleN8WGmlMf MtJltJMeda 

I' CO Bonus 

Conner 250 ............._.................$145 
Colorado J~mbo 250......................149 
Identity 250 ..........._.,,....................141 

SpeedStar24x 

SpeodStarVt 

Viper VLB 
lllpei Pro PCI 
l/lper Pio IJl.B or PCI 
Sl81111132 PCI or VlB 
StealU! 32 PCI or VLB 
S1BIMtll64 PCI orVUI 
Sle3l1h 64 PC1 Of VLB 

SVGA VlB 1-2, Imo Upgradable to 2mb....................­ ...95 
2MG V-RAM MOCK 3lGraphics Chip, 
256 Colols, 1280 x1024..................________........285 

lllAMllm PllOllUC1S 
ISA. max. 1024~768 NI, 72MHi. 
24·blt, 167 ml COiors- ....- .........................-. ... S119 
Vl·Bus. 16 mu.WlnMarll. 1MB, 
16,7 MU.Colors.72MHz _ ........ 119 
Vl.Sus, 74MHt, 2MG VRAM, WOitedc POOOO, 
60 Mllttoo WlnM.ir~ _ •...... ... .... . ... ... ....359 
2mb ............. .,,____.......... .329 
2m11... .... . ..... ..........- .. -.............. .. .... . ..... can 
2mb Upgrado to 4ntb..... ·-----··--.... , .~
1mb...................... ...,..........- ......_....... ... .159 
2mb ..__ ......._ ..._,,____,__ ···-· ... 199 
2mb. . . ·­..-­ _ ................__...... .20ll 
4mb . ··-·--···--....·-· .459 

IDE HARD DRIVES 
Mlstar" • WESTERN IJIGfTAL 

MODEL SIZE SPEED TYPE PRICE MODEL SIZE SPEED TYPE PRICE 
7345A ..........345MB ..........14MS ........IDE..........$229 1210 ............212MB ..........13MS .......3.5' IDE .....$179 
7546 ............540MB ..........11 MS ........IDE ............329 2250 ............256MB ..........12MS .......3.5' IDE .......205 

2340 ............340MB ..........12MS .......3.5' IDE .......229 
2420 ............425MB ..........12MS .......3.5' IOE .......239 
2540 ............540MB ..........12MS .......3.5" IDE .......339 

c=­
CFA210A......21111B ..........13MS........IDE..........$179 
CfA250A......25CMB ..........12MS........IOE...........209 
CFA34QA......341NB ..........13MS........IDE............229 SCSI DRIVES 
CFA420A......42!MB ..........12MS ........IDE............249 
CFA540A......540MB ..........10MS........IOE............319 MAXTOR...MXT540SL ......540mg .........9MS.........$439 

.an CONNER.....CFA340S........340mg........12ML......265 
airSlllilfl CONNER....CFP1060S.......1.06gb.........9MS...........699 

ST3391A....A2DMB ­ .......11MS ....IOE 3.5" ......$229 SEAGATE....ST3390N.......340mg........12MS..........299 
ST3491A......428MB-.......11MS ....IDE 3.5" ........245 IEAllA1EIAllUl:D1 f.EOOE, m!RPM,SCSl2F~T 
ST3855A_.545MB ..._,_12MS ....IDE 3.5" ........369 ST12550N..........................2.1gb..........8MB.......$1599 

ST312DON ......_..__..........1gb ...........9MS...........699 

' 

Media Vision 
Pro Aud[o Spectrum Basic .........................................................$ 85 
Pro Audio Spectrum 16.....................................,..........................109 
Pro Audio Studio 16 .... .. ...............................................................139 

Creative Labs 
SoundBlaster Value Addition ......................................................$ 59 
SoundBlaster Pro Value Addition ................................................. 82 
SoundBlaster 16 Value Addltion ...................................................109 
SouodBlaster 16 Multi CD/Mull CO w/ASP ...........................1451179 
SoundBlas18r 16 SCSl-2SCSl-2 w/ASP ..............................179/198 
SoundBlastcr 32 AWE .................................................................295 

MedlaMaglc 
ISP 16 Audio Boal'd ..................,................................................$ 79 
DSP 16 Audio Board ........................................... .................... ..... 99 
DSP 16 Plus Audio Board ..........................................................159 

8308733 ..........................$29 
8308740 ............................49 
8358733 ..­ ........................45 

CPUs 
JJJ!d......, 

14.4 PCMCIA FAX-14860X2-66 ...................$299 
14860X33.........................239 
CX4860LC·40 ....................89 
CX486DLC-33 ....................79 
586 P60 ...........................589 
586 P66 ...........................699 
586 PB0 ...........................795 
486 DX4100.....................589 



'The RACER 11 board is the 
easiest to use, most powerful 
tool for PC troubleshooting 
on the marker 

SERVICE i\i>W 
SCOAESHEET 

(Real·Time AT/XT Computer Equipment Repair) 
provides Service Technicians, OEMs, System Integrators, 
System Engineers, and even End Users with Time-Saving, 
Low-Cost Diagnostic Capability needed to quickly repair 
System Boards. 
v' Single board tests PC/XT, PC/AT 286/386/486 

Pentium and compatibles. 
v' Displays diagnostics & fault trees on system monitor. 
v' Initializes and tests systems that appear completely dead. 
~ Even injects It's own test Into the system 

with no RAM Installed. Supports 
ti' Trouble-shoots to component level. Monochrome, CGA, 
v' Finds intermittent problems. EGA, VGA & SVGA 

P.H.D.10 

Professional Hardware 

Diagnostic 16 Bit Card 


for Component Level Troubleshooting 

v Single board tests 
PC/XT, PC/AT 286/386/486/Pentlum 

~ Monitor test results on system monitor 
or on-board display 

v Test computers with virtually all system 
components missing or Inoperable 

v Complete & accurate testing of all 
Bus functions 

v On-Board Processor Emulation for Bus 
Signal Verification 

v Full interrupt and OMA functionality testing 

The Professional's Choice 
in Diagnostic Software 

Professional core-level analys is, testing, 
and troubleshooting PC software for 

XT, AT 286/386/486 & Pentium systems 

.,. Extensive Base and extended RAM testing 
,.. Full Video RAM testing up to 4 megabytes 

~~~~~_J .,. Complete IRQ and OMA detection and testing 

.,. MonltDrs POST Codes Output 
tD parallel print port 
(without removing cover) 

.,. Configuration parallel and SBrial 
port loopbad< taster 

.,. Configuration & Swapping 
Utilities for SBtial and 
parallel parts 

The low cost, plug-In hardware diagnostics card for 
IBM &compatible PC/AT systems, allows technicians. 
system manufacturers. Integrators and end-users to 
quickly isolate 1lroblems with 286, 386 & 486 
systems that fall during Power-up, even on systems 
that appear completely dead. Easy to Install & use. 
QuickPost PC Plus plugs Into any open 8 or 16 bit 
AT slot; when the system is powered-up, OuickPost 
PC Plus instan tly begins monitoring the Power On 
Self Test (POST) codes output by the system BIOS. 
The easy-to-read numeric display codes Identify the 
bad circuits that need replacing. It 's that simple. 
The whole process takes only a couple of minutes! 

http:P.H.D.10


YES, please ctller my ub ' riptlon 10 So ftware Digest for one year 

. ' ... . .. ~. ' . . .. . . .. ,, . . ' 

....... --:-':-;::.., 
--·· '­ Software Digest is 

published by NSn, the 
industry's first and 
most authoritative 
independent testing 

laboratory. 

world,applications-based enviro1unent like the 
one you work in every day. 

The result: clear-cut winners that give you the 
best value for your moriey. Concisely and 
clearlyde cribed ­ without ads,di rractions,or 
outside influence of any kind. 

Every issue addresse a noteworthy applkations 
software package or operating system that 
involves ignificant expense or investment in a 
learning cun1e. For example ­

• Document exd1ange programs 
•Window ·based peer-to-peer LAN · 

Which new ·randalone or networked 
oftware applications and upgrades 
hould you buy? 

Does the software you're considering live up 
to vendor claims? Will your people be able to 
learn ir? 

in e 1983, buyers making high-stake 
pur hascs have been u Ing National oftwarc 
Testing L1boratorics ( TL) for authoritative, 
tate-Of·the-art evaluation of P oftware. 

NSTL originated the concept of te ting 
micro omput r produ LS. Today NS11:s 

i
FREE BINDER ! 

To help you
build your 

I:, 

resource i 
library, you get a ! 
FREE 
durable, 3-ring 
hinder with 
tabbed ubject 
dividers upon 
payment. 

benchmarks and methodology are universally 
regarded a· definitive. 

Software Digest gives you monthly access to 
ll' · comprehensive oftware test results.So 

you can make smarter,easier buying decisions. 

Our tests flatten the playing field in ead1 
software cmcgoq1. So pr ducts how their 
stri.:ngth · and weaknesses in head-to-head. 
fcanire-to-feature competition de lgned and 
analyzed by ~Tl's test exp 'rt ·. 

E.1ch r'port ompare product cot ,speed, 
fe:1111n:s, versatility and compatibility in a rtiil· 

i 
i 

I
: 


Ij 

' 0 Pica. e bill me P.O.• requiredI Charge my: 0 Visa 0 MasterCard O AMEX 

i AtCCJI Jr-'T NUMOF.Ji 

EX t>IRATION !>ATE 
i:: 

! SIGNA11JRE 

i Orders outside . onh America:Ple'JSC add US 20.for airmail dclil·ery.' WDYOl4 l-----------------------------------------------­ --------------------------1 


( 12 monthly issues) ut 450, and send mr free binder upon payment 

~~\I LTO: Software Oi~est , f!O. llox ~~ I . Il i~h tstowtl . NJ 08~2(~9!!92 

N•ME 

rnMPAN\' NAME 

~CO~),~PAN\~.~.o~o~RES.1=---------------~ 

"'rrrv="rs""'rr,..,o1n"'"vz""·~p,-----------------

PllONR 
PAYMINT INfORMA1ION1 

0 heck cnclo ed 

• QI. ervers 
• Project Management 
• Vims Protection 
• Bundled software 
• Multiuser databases 
• Windows IT 
• Network management software 
•I.A E-mail 
• (imphical :prcad heel' 
• 'ommunicarions 

. oftwarc Digest' compamtive feature section 
i · so comprd1en ive that vendor consult it 
before de igning upgrades. houldn't you 
con ·ult u · bcfor, buying th ·m? 

Get full control of the planning 
and buying proce s - sub cribe 
today. 

1311.1111 


1-800-257-9402 


1-609-426-7087 

i 


MONEY-BACK GUARANTEE 
If at any time you are not 

COMPLETELY satisfied with your 
subscription, you will receive a full 
refund of your entire investment. 

http:NUMOF.Ji


_ ___ 

New Hours:Your One Stop Component &Computer Source &AM · 5PM PST 

Adapter ....... .. ...........$5.95 
6' - straight cable ..... .....4.95 

- straight cabfe .........8.95 
6' - right angle cable.......6.95 

9·pin serial cable ... .. ....4.95 

JAMECO™ 
ELECTRONIC COMPONENTS 

COMPUTER PRODUCTS 

Heatsink/Fan for 
80486CPm 
Keep your 80486 cool/ 
• Just snap it in without 

having to remove your •
CPU from the motherboard 

• Size: 1.95"L x 1.95"Wx .SO"H • CFM: 6.3 
67660 486 Healslnk w/Fan ....... .....$12.95 

Jameco Desert Cooler 

79011 Desert Cooler ...................$49.95 


TSM 
I @ • •Fancard II 

• Circula1es air dlreclly on and around boards 
and components prone to overheallng 

• Can be Installed mto any PC slot 
• Size: 13.4'L x 0.7'W x 3.3.H • CFM: 25 
79020 Fancard 11 .. .......... . ...........$34.95 

Switching Power Supply 
for Apple II, II+ and lie 

• Can handle four lloppy disk drives and 
up to eight expansion cards 

• Short ci rcuit and overload protection inside 
the Apple II. II+. lie • Data included 

• Fully regulated +SV@ SA. +12V@ 2.5A, ·5V 
@ 5A,-12V@ .SA • Weigh!: 2.8 lbs. 

• Same size as origlnal Apple power supply 
• Apple iype plug-In power cord Included 
• 110V/220V switchable • One·year warramy 
• Size 9.875"L x3 5'W x 2.2S"H • 60 Watt 

22260 KHP4007 Power supply .... .$44 .95 

Switching Power Supply 
for Apple llGS 

• Fully regulated <SVDC @6A. t 12VDC @ 2A. 
SVDC @0 SA,- I2VOC @ O.SA • 60 wan 

• Input Voltaue: 115VAC • One·yoar warramv 

8551 8 Sw1tcltlnu power supply .......$69 .95 


386 Bare-bones System 
8/lro·bo1111s system 
/rrcludes mo/1101boari/, 
comp111er case and 
vowor supply 

• t28KBcache memory 
• Memory expandable 

lo32MB 
• One-year warroniy 

114471 386DX 40MHl ..... ........ ... $329.95 

Metex Digital Multlmeters 
• Handheldhlylt accuracy 
• Measures ACIOC vollage, 

ACIOC current, resistance. 
diodes, aud ibleconlinu1ty tes~ 
transistor hFE 

• Manual ranging w!Overload 
protecllon 

• Comes wilh probes, balleries. 
case and manual • One·year warranty 

27078 3.5 digit mullimeter .•......... $59.95 
27066 3.5 digit multimeter wllh 

frequency & capacitance ........69.95 
27115 3.5 digit multimeter ............. 39.95 
27140 4 5dlgll mtJltimeter wllh 

1ach and dwell ................ ....69.95 
27158 4,5digit w/frequency and 

capacitance/data hold switch ...99.95 

D·Subminiature Slim Line 
Gender Changers 

18497 Interfaces two D-sub 9-pln F $3.95 
18489 lniertaces two D-sub 9·pln M 3.95 
56071 Interfaces two D·sub t5·pln F 4.19 
56063 Interlaces two 0-sub 15-pinM 4.19 
18446 Interlaces two 0-sub 25·pin F 4.29 
18420 Interfaces two 0-sub 25·pln M 4.29 

Jameco Motherboards 
• Motherboards also 

available wllhout 
CPUI Call for details 

• Dlagnoshc and 
operating system 
software available 

• One·year warranty 

95231 80486DX 50MHzw/CPU ..$799.95 
103966 804B6SLC 50MHz w/CPU ..429.95 
95222 80486DX 33MHz w/CPU ...499.95 
79214 80486SX 25MHz w/CPU .•.289.95 
82333 80386DX 40MHz w/CPU ... 249.95 
82350 803B6DX 33MHz w/CPU ... 229.95 
101821 80386SX 33MHz w/CPU .. .124.95 
105321 80286 16MHzw/CPU ... ... ..99.95 

RAM Memory 
41371 
41398 
42251 
42219 

SIPPS 
41451 
41700 
41718 

SIMMS 

41523 
41486 
41689 
41742 
41751 
41769 

41256·100........256KBx1 ....Sl .95 
41256·120........256K8x1 .. .. .1.85 
5t1000P-BO ...... .1MBxt ... ..6.25 
5t1000P-10 ... .. ... tMBx1 ... ..5.95 

41256A9A·10 ...256KBx9 .. $15.49 
421000A9A·70 ....1MBx9....54 .95 
421000A9A·80 .. .1MBx9 .•. .49.95 

412S6A9B·80 ...256K8x9 .. $15.95 
41256A9B·10 •..256KBx9 ....12.95 
421000A8B-80 ....1MBx8.•. .49 .95 
421000A9B·60 ....1MBx9 ....54.95 
421000A9B·70 ....1 MBx9 .•..49.95 
421000A9B·80 .... tMBx9 ....48 .95 

SIPP to SIMM Converter 
• 	use SIPP's In ploce 

of SIMM's 
• 	Upgrade !Tom a SIPP 

motltorbonid to a new SIMM 111olhorboa1d 
without buying now RAM 

• Fits Into standn1d 30 pin SIMM socko1 

93382 SIPP ModuloConvortor ... ... $9.95 

Keyboards & Keypad 

78271 32·koy keypad .. ... .... .. ....$59.95 
87432 101-key enhanced ........ ...44 .95 
17128 tO t·key enhanced (Fujitsu) 89.95 

Computer Power Supplies 

• 8088/80286/80386 
and compallble 

• One-year warranty 
• Expand your memory or enhance your 

graphlcs capabilities 
67459 VGA Card ... .. ............. .. $59.95 
104660 Super VGA Card ..• ......•....99.95 
91230 Monochrome Graphlcs .•.••.39.95 
101688 VESA Graphics Accelerator 149.95 
112141 BMB Memory Card ..........129.95 

Parallel Printer 
Cables and Adapter 
28695 PPC 
28716 PPC6 
28708 PPC12 12· 
28741 PPR6 

9-Pln Serial Cable 
31721 SAT6 

DB25·Pin Extension Cable 
39536 25M10M Male to male ....•.•...8.95 

Floppy Disk Drives 
• 8088/80286180386 and 

compatible 
• Additional accessories avai lable 

74392 FD505 3.5'/5.2s· ... .. •.... ....$149.95 
74384 FD235J 2.68MB 3.5' •.... •. .....129.95 
40774 356KU l.44MB 3.5' ..•.....•.•...79.95 
17099 FD55B 360KB 5.25' ......... .....99.95 
17101 fDSSG 1.2MB 5.25' •.• ...•.•. ....99.95 
79396 SD540 360KB 5.25'......•...... .59.95 

Floppy Controllers 
and 1/0 Cards 
• One-year warranty 
• 8088/80286180386 and compatlble 

19895 8088 Multi l/Dw/ floppy cntr. .. ..$69.95 
19908 286/386 Multi 110 w/ tloppy cntr.. .59.95 
19596 8088 Floppy controller..... ..... ....29.95 
19617 Floppy Disk Two-drive controller ..34.95 
19668 floppy Disk Four-drive controller 44.95 

78713 Serial Card 16450 UART .. .........29.95 
67053 Sorlal Card 16550 UART ...........39.95 
104678 Serial Card· 4 serial port UNIX ....79.95 

104109 1/0 Card 4Serial, 3 parallel ...... .. .69.95 

105611 1/0 Card ..............................44.95 

105072 VESA JOE Super VOCard ... . .......79.95 


Conner IDE 
Hard Drives 
• One·year warraniy 

113751 CFS210A 210MB ..... ..........$249.95 

93294 CP30254 250MB .................319.95 

93307 CP30544 545MB .... .. ........ ...529.95 


Silicon Valley 
IDE Disk Drive 
Adapter Cards 
• Onc·yoar wnrranty 

10233 AOP20 IG·bll hard .. ...... .. ...$24.95 
10250 ADP20F t6·bll lmrd/1Joppy ..... ..29.95 
10268 ADPSO B·bll hard ..... ... ... ......59.95 
10276 ADP60 18·blt hard WI BIDS.....69.96 
10284 AOP60F IS·blt hard/11oppy 

wt BIOS ... ... .... .... .....74 .95 
74114 AOP85F 16-bll hard/quad lloppy 

drive adaptor .. ... . ..... ..99.95 
101670 AOP90VLSupor 1/0 card (VESA) ..99.96 

Monitors 
67491 . 
• Suppor1s vfdoo modes 

up lo 640 x 460 with 
16 shades ot oray 

78676: 
• 0.39mm 1101 pitch 
• Max. resolution; t024 x768 

67491 12" Paper Wh1to ....... ..... .. .. ..$99.95 
87978 14' Amber monochrome ... .... 129.96 
78876 14' Su11nr VGA .. .. ...... ...... ... 279.95 
66122 14" Super VGA (Low radiation) 399.95 

Jameco 
Accessories 
104441; 
• PCIXT/386/486/PS2 

and compatlble computers 
• Mlorosof~ MousecompoUblo 
• One·yearwarraniy • We ght: 1 lb. 

104441 Serial mouse ...... ... ... ...... .. ...$13.95 

111660 Mlcrosott two·bullon mouse ......59.95 

106515 Dual port game card ...............19.95 

26307 Mouse pad ... ........ ... ..... .. ... ... .4.95 

94641 Pocket auto printer swltch ..... ....17.95 


Surge Protectors 

• Electrical Rating: 15 Amp, 120 VAC, 60Hz 
• EMl/RFI noise rejection: up to 15dB 
• UL 1449 suppressed voltage ratlng: 

400volts • Clamping response time : <5 nsec 
• Call for OEM pricing 

99291 EP6 6 Outlet Wall Plug·ln ... •.$5.95 
99979 EP6M 6 OuUet Wall PJug·illl 

telephone protection ...•..9.95 
99987 EP6M 6 Oulfel Wall Plug·ill/ 

Gable lV protection .. ..... 9.95 

7 Outlet Power Strip 
w/4 ft. Cord 

l• '' 11 I • I• 11 t•I . . ..... 
• Audible alarm sound tt surge protection Is 

not functioning • Master power switch 
• Push·to·rese1 15 Amp circuit breaker 
• Size: 3.25'L x2.125'W x1.125'H 
98749 LR69225 Power Strip ..... .. ...$9.95 

HOT SPECIALS 
Part I D91crtpUon Price 
32408 40MB MFMHard drive...$199.95 
108978 PC/XT Case W/ 150Watt 

Power supply ..... ..........89.95 
106569 2400 Baudinternal 

modem....... ... .. ......... .39.95 
106577 2400 Baudexternal 

mO<tem ......................49.95 
104441 Serial mouse .......... ......13.95 
106761 B•blt MFMHD Controller •..69.96 
106121 PS2/AT 106-K~boll rd (82)/

keypad (24) sat ...........69.95 
106391 Universal serlal/paralicl 

converter ..................69.96 
109049 16·blt IDE harddisk 

controller ... .. ....... .. ....17.96 
105208 PC loTV Converter box ...199.95 

Portable IC Tester 
Our ltand·held IC tester Is an 
oasy·lo·opemte. cost clloctlvo unit 
Iha! Includes exccllenl tunctlons. 

• Supports n L, CMOS, DRAM 
4t, and ORAM 44 Serles 

• Size·7'L x3 625"W • Dne·ycM warranty 

73625 Portable IC Tester ... ......... ..$149.95 

1Socket16K·2MB E(E)PROM 
Programmer 
• Programs EPROM's, 

EEPROM's, and flash 
111omorles 

• Programs I 6KB to 2MB 
EPROM's 

• Menu driven software • Full screen butter edi tor 
• Fiietormats supported: Intel Hex. Motorola 

SHex. Tektronix Hex, and Binary 
• 2 &4-woy Binary tile splitting p1ograms 
• 2 & 4·way Binary flle shuftler programs 
• Includesadapter card, soflwarc and manual 
• Size: 7'L ~ 5.s·w x t .75'H • Ono-year warranty 

78457 1Socket16K·2MB (above) ......$269.95 
101400 1Socket t6K·512KB ..... .... ....129.95 
78465 4Socket 16K·2MB Programmer 279.95 
104651 I Socket 16K·6MB Universal .....699.95 

1355 Shoreway Road 

Belmont, CA 94002-4100 

FAX: 1•800•237•6948 {Domestic) 

FAX: 415•592•2503 (International) 


Call for our new 1994 Catalog today. 

© t994 Jamoco 9194 

New Hours:Call 1•800•831 •4242 to order today! 6AM • SPM PST 

-----------------------~·-•-1--..1 .l!l~-.-...._..___ ...... ~..... -----------------------­
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Featuring tnasa 
two too-rated,
awar11-w1nn1n 
diagnostic 1001 
tram 
MICRO 2000, Inc: 

M,._,, ,._,' 
......_.,_ ......-..... 

~ 

.....L.........._ ~ . ......._ 

UNIVE RSAL DIAGNOSTICS SOFTWARE 11., 5 o 

Fuuu O/S Independent
diagnostic software... 
MICRO- 'OPE Univeml Computl'r rnagno~­

tics wa~ developed to satisfy the expanding 
need for a Turntc system diagnosis in the rapid ly 
growing desktop computer 111ark<·t. Patterned aftl'r 
1upcr-mini and mainframe diagnostic routine\ 
MICRO -SCOPE rum independently of any stall· 
dart! operating system, and h thcrcforl' al home on 
Jny machine in the Intel world . Spl't'd, case-of-me, 
anti razor sharp accuracy arc a few of the advan ­
tage\ that arl e from this system Independence, 
together with an impressive list of tunctiom 
including the ability to perform low level format ­
ting on every drive current ly manufactured , 
including all IDE drives. 

e LOW-LEVEL FO RM AT - Performs Low-level 
format Oil all drive types including l[)E drives. l"his 
function cannot hurt IDE drives. • USE CO ­
TROLLER BIOS - Program will access BIOS formal 
built into any hard disk controller-even Con­
trnllers yet to 'be invented. • 0 /S INDEPENDENT 
- Does not rely on 0/S for diagnostics. Talks to PC 
on hardware level. All tests arc full function regard­
lrn of 0 /S (i.e. Novell, UNIX, OS/2). t TR UE 
HA IUJWARI DIAGNOSTIC. - Accurate testing of 

drives, video cards, et . • BAT H NTROL - Atl 
t sts, even destm tlve, may be el ctcd for testing. 
• ERROR LO I - Au tomatically Inpu ts error 
during te ting lo an rror I g. t AUT MAPPI , 
- Automatically bad se~tor map, errors found on 
hard di ks. e lllQ DISPLAV - how bit enabled 
In IRQ chip for finding cards that Jre wflwart• driv­
en . ( ctwork, 'Jape Backup, etc.) • IRQ CHECI< ­
r;1iks dlrectlv to hardware and hows 1/0 address 
and IRQ ur'dcvlces that respond . t Mll. MO l! V 
~:XAM INE - Display~ dny physica l bit of memory 
under I Meg. V<'r)' useful for determining memory 
rnnflicts. Vl'ry useful for dctrrrnining a1·ailable 
memory space. • SECTOR EDffOR - Allows the 
editing of any sector of noppy or hard disk media 
(even trac~ 0). • AND MUCH MORE...\Ve don 't 
have e11m1gh space here for cwrything this rntt­
ware rnn do! 

. 
"o " o~ = 

The on1u Power-on Sell-Test 
card uou need 10 debug anu 
"dead" PC... 
" T his is the only card that will function in every 

system on the market. The documentation is 
extensive, and not only covers the expected POST 
Lodes for different BIOS versions, but also includes 

"You name it, 

this tests it. If you 


maintain PC's, 

you'll love it. 11 


- Jerry Pournelle, 

BITE Magazine, May 94 


SERVICE NEWS 
PRODUCT OF THE MONTH 

by the card." - ott Mueller from hi globally 
r ognizcd book, 1Upgratl/ 11g & Re[J11l rl 11g /'Cs, 

eco11d Edlt/011 1 

• In ludes pads for voltmeter to atta h for actual 
voltage te ting under load. • 4 LEDs monitor 
+Svd -Svdc t 12vd -12vcl. • Monitor HI & L 
clock and C>s • cl . t dlstingul h between ·lock 
ohip or cry tal failure . • Monllors I/ Wrifc; and 
1/0 Read to distinguish between write and m u.I 
l·rror\. • Moni tor~ memory write/ read to distin­
guish hc:twe<'n address line failure~ and memory 
chip failure~ . • Monitors ALE for proper CPU/DMA 
operation. • Monitor Rc\ct to determine if reset ii 
occurring during POST, indicating short . • Moni ­
tors progre~~ ol l'OS'I wit/111111 PO. T codes. • ltead1 
POST code~ Imm any lllM or compatible that cmit1 
POST rndl'~. ISA/F.ISA/MCA. e Compatible with 
Micro Channel computers. • Dip ~witch allow1 
eaS)' selection of 1/0 1x>rts to read. • Includes tri · 
state l.OC,IC PROUE to determine actual chip lail ­
ures. • Manual includes chip layouts and detail0d 
POST procedures for all major ll lOS's . • AN D 
MUCH MOUE... 
.\l\o asf, about our other l'nlvt•r\ill l'rud11ll1­
Micro-Scope CLIENT: I 1 l pr .1l IJ' ii .i 111H·r 1.' 
f"IJJ11ll' 1 i.ig11u1l1 1 1111 m11du 1 'l'ljll nl 
The COMPUTERCONSULTANT: 111r .1lLdr.1 ,. 

r• Jl\JIJI' lJl·JldJIJl, l~lllg l Hll 

Micro-Scope CENSUS: 
IP\e11t1ir\ 1· ·ltll'arr 
to \l'.L .ind fl'u1ru what 1 -.. 

CPU, IRQ's, DMA's, memory, hard drives, nappy a detailed reference to the bus signals monitored 111\llk ,ii iii \'11 UI l't i 

can now tor soec1a1 Pricing: 1-800-864-8008 or Fax (818) 547-0397 

1100 Ea~t Hroadway, Suite 301 , Glendale, California • Phone 818/ 547-0125 • fax 818/ 547-0397 


lntt·rnational Order\ plt:a~e rnll: \11<.RO 2000 ,~11\lralia : 61 - -12-57-l IH • \llCRO 2000 Europ(' (UK) : H--162--183--18:i 
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Rack Mount Systems 
Designed for cfficien<.'Y and 
versatility, each Recortcc 
rack mount y. Lem 

compactly bou es, moni­
tors, computer peripher­
als, hard and floppy dtives, 
display cards, cooling fan 
and power supply. Don't 
pay for any of the e tras 
you don 't need· mix and 
match components and 
make your computer 
system purchase more 
co t-effective! 

The greatest concept in flexibility: 


REcoRTEc UniMo ™ 


Recortec's new Universal Modular 
system (UnfMod™) offers you a\lersatile 
selection ofmodular components such as 
computers, monitors, and keyboard 
Mdeo switches... in a variety of chassis 
options so you ~ design a customized 
system which best suits your particular 
application. 

Watranty. All Recortee rack mount products 
are backed with a one-year warranty. 

Free Catalog. For a free copy of Recortec 
products catalog, call us today at: 

800-729-7654 


RECORTEC, INC. 


17 " Ultra VGA Monitor 

Recortec's exciting new 
17'•. Ultra VGA color rack 
mount monitor model 

RMM-237 is a multi - fre ­
quency, multi -scanning 
monitor containing a 
microprocessor-ba ed 
digital control system with 
1280x1024maximum non ­
interlaced resolution and 
a 0.26 dot pitch, INVAR 
mask tube. Ruggedly built 
and encased, it is the 
perfect choice for your 
rack mount applications. 

1290LAWRENCESTATIONROAD • SUNNYVALE,CA94089 •TEL: (408)734-1290 • FAX:(408)734-2140 

~~ Circle 206 on Inquiry Card. 
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INTERNATIONAL ORDERS WELCOME 
• 215-922-0050 lntern1tlon1I Order line 
• 215-922-4640 Technical Support 
• 215-922-0116 FU. DOltH11C. loltrHllonal 
• 800-457-6937 Order Line - TOLL FREE 
• 800-636·6792 8om1•u11hlffrtlUfuftrt11t!tlll 

Circle 208 on Inquiry Card. 
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Printer Port Connections Are 

The New Tools Of The Trade. 


nc youdiscover jusL how easy iL is LO 

install a f)'l ·kpa k CD-ROM drive to our 

computer. you'll never he inconvenirn1ccd 

IJ conventional installation mcthocls Aga in. Just pluo 

Ila 'kpa ·k in to your computer ancl ou'r ready 1.0go. 

o inL rfa ·c ca re! . hardwareconnicLs or c pan ion 

' loLs required. B au eor it uniqu p1·imer port 

In terrace. ba kpa k fi ts all IBM PC compatible. and 

portable rcgardlc s of CPU p ed. In addition. a built­

in audio circuit with both h ·ad phoneand line ouLpuL 

jacks allow ror conn Lion or ouncl ca rd. 01· I Ii-Fi. 

You can run thousand or your favol'iL multimedia 

programs and vi 'w Koclak'" l'l10LO CDs t.oo. with 

.D-ROM bti ·kpa k. Compact and versa Li le:. youcan 

e pcct backpack to go whcrr.wr yougo. hri11gi11g with 

you 1 lw W<'alll1 of ln l'ormaLion CD- 1~0 11storage makes 

possible. I rinu r pass-through is inclwlccl. Tapedrive. 

hare! clr·ive and cl i:kett.e ba ·kpa 'k drives are also avail­

ahl<'. Cal l today for orclering 

inrormalion 

and a deale r 

ncare L 

you. 

CD-ROM Drive 

Mic:ra5alutian§ 
132 W. Lincoln llwy. DeKalb. Illinois 60 11 5 Telephone 8 1 :i.756.3~ l l Fax 815. 75li.2D28 

Ca ll Toll Free 800.295.1214 

Circle 199 on Inquiry Card (RESELLERS: 200). 
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Notebooks 
IBM THINKPAD 750C MM................... STOCK . . . . . , . 8450 

THINKPAO 750fl50C 4MB RAM 1701340MB • . . stock 

IBM 380 SERIES . . . .. , . . . _. . . . . . . . . . . • • . CALL 
IBM 755 SERIES • .. .. . .•... CALL 
Desktop (NEW PCt SYSTEMS) 
6484 DX4/t00 270MB/364MBl527MB ,.. • . , .... . . CALL 
6484 DX2166 270MBl364MB/527MB.... . . , . .. CALL 
6484 OX4/33 270MBl364MB/527MB . . . . . . . . . . . CALL 
(Above systems are available with VLB SLOTS) 
6384-189 P60/D 16/424MB •. call 
6384-199 P60/D 165/274MB .......... call 
NEW IBM EISA PC SERVERS 
PC SERVER DXV66 MODEL t . .. . . . . . • ...... CALL 
PC SERVER DXV66 8/728MB . , . • • . . . .. • • .. . . CALL 
PC SERVER P5/60 MODEL 1 .. . . .. . .. .. , . . ..... CALL 
PC SERVER P5/60 16.llGB ........... .. ..... . .... CALL 
ALL PS/2 COMPUTERS & PS/2 SERVER ara also available 

.::=======:;;::=======~ 

IBM ThinkPad 
350C 4/25 

f'tMCIA SLOTS, DOS, WINDOWS. 
PEN, PASSIVC MONO DISPLAY 
41120MB $1730 
41250MB . . . $2099 

IBM PS/VALUEPOINT
486SX/25 (DESKTOP) 

4MB RAM, 120MB, 
t.44MB floppy drive, 

DOS. WINDOWS. Mouse 

$999 

HEWLITT PACKARD 
VECTRA VL2 486 25e 
4MB RAM,170MB HD. 
1.44MB floppy dnve, 

DDS. WINDOWS, Mouse 

$1065 

IBM ThinkPad 
350 4/25 

BRAND NAMES 

LOWPRCES 
LEADER 
INCE 1983 

We e1111ort with lntematronal Warranty 
1-----;__--------------i

rlh1,1W HEWLETT 
It! ti~ PACKARDSYSTEMS 

Ornnlbook 530 (NEW RELEASE) . . . . . . . . . . • . . .. .. . .CALL 

Nelserver LM DXV66 16/53SMB/t GB . _.. .. .. ... ,. . . . ..call 

Netserver LM 5/6016/0MB . . . • • . . • • . . . . • .call 

Ne1server LM 5/6016/1GB/2GB • • . . .. .. .. • .• .. . .. . , .call 

Nelserver LE DXV66 B/535MB . . . . • . . • . . . .call 

NetserverLE DXV66 8/1GB . ... .. .. .. . .. ... • .. . .call 


PRINTERS 


HP 1200C .. . . .. . . . 1340HP DeskJel 310..... .. .. 300 
HP 4..,i4M+ ....•.... 1380/call HP t200 C/ps . .. . ...... call 
DESKJET 520/560 •... 272/544 ScanJet llp/llcx . . . call/940 

HP 4U4ML . • . . . 640/999HP 4SIMX/4SI . . . . 4159/2850 
PCMCIASLOTS, DOS. WINDOWS, II======-==,_======-====-! 
PEN , PASSIVE MONO DISPLAY NOTEBOOK 
4/120MB 
4(25-0MB .. 

$1499 
$1999 Toshi ba 

T1910/1910CT 456SX/4/120MB .• call 
T1960CT 486DX2/40 4/200MS/340MB .. . (Stock) call 
T3400l3400C 4/120MB . . .. .. . . .. . . . .. • . . . . . . call 

IBM PS/VALUEPOINT
4860)(/33 (DESKTOP) 

4MB RAM. 212MB HD. 

t .44MB floppy drrve. 


DOS. WINDOWS, Mouse 


$1425 

HEWLITT PACKARD 
VECTRA VL2 486/33e 
4MB RAM,170MBHD, 
1.44MB floppy drive, 

DOS,WINDOWS, Mouse 

$1175 

T4700/4700C DXVSO 4/200/340MB .. . ...... . .....•. . ••. call 
T4800Series 75MHz Syslerns (wilh audio) • • ........... call 

TEXAS INTIIUMENTS 
T4000E DXV50 41200MB (active color) .... . .......... , . . . save 
T4000E 486/751.!Hz 4/340MB 1455MB . . . . . . . . . . . • . . . save 

NEC TECHNOLOGIES 
Versa 486DX2140 4/200/340MB (color & mono) . • • • . . . . call 
Versa 486DX2/50 4/200/340MB (color &mono) ...•.. - call s127 

l".=========;--;==========1 41120MB . . .. 5 
Ir 

COMPAQ 
AREO 4/25

PCMCIA SLOTS, DOS, WINDO WS, 

PASSIVE MONO DISPLAY 


4/84MB .. . .. .. .. . . .. .$990 

4/170MB ..$1430 


comPAa 

Notebooks 
LTE Lite 4/40C MHz series ..• 

LTE l!le 4/50C MHzseries , . . .. . 

LTELlle 4/40CX &4/SOCX MHz series .. . . .. . . .. 

LTEllte 4fi5 MHz with 510MB disk . , 

(All New LTE Ute Models have pcmcla slots) 

Prolinea Desktop Series 

Prohnea 4/25S 4/120MB/240MB . . . . . . . , . 105011280 
Prolinea 4/50 4/240MB . . .. .. . . . . . .. . . .. . ... 1659 
Prolinea 4i66 41240MB . . . . .. . . • . • . • . .. . .. .. . . . . . 1875 
Prolinea Mini Tower Serles 
Prolinea 486/33s4/170MB 1340MB ...... . 142011559 
Prolinea 4!6/33s COS 4/340MB. . . . ....... .. special 
Prolinea DXV50 41340MBl525MB . .1899/2230 
Prolinea OX2166 41340MB/525MB . . 2099/2299 
Enhanced Prollnea Series (new) 
Prohnea 486/33s series . . • . . . . • . . . . . . ca ll 
Prolinea 486150s & 486166 serres .. . . . . . . . . .. . . . • .. call 
Prol/nea 4!100MHz series ..... . . . . . . . . . . . call 
Oeskpro XL Series (NEW RELEASE) 
(Integrated SCSI &PCI +networlt card+audio systom) 
Deskpro Xe 4/SOM 81270MB... . . . . . .. .. . . . . . . call 
Oeskpro X 4/66M 81535MB .. . . . . . . . . . . call 
Deskp10 XL 5/60M &5166 8/525MB . . ...• call 
NEW COST EFFECTIVE SERVERS 
Proslgnia VS DXV66 Model 1 • . . . . . . call 
Pros1gnia VS DXV66 scsi 535MB/1GB . . call 
Powerful Servers 
Prohant 1000 dx2JD6 & 5160 mode 11 .... call 
Prolianl 2000 dxV66& 5160 model 1 . . . . . . . . . • . . . . call 
Prollant 2000/4000 5/60 model t .. . .. . .. . . _.. .. .. . , call 
Prosignia OXV66 &5160 Model 1.. . . .. .. _. . . . . call 

COMPAQ 
CONCERTO 4/25 

:~~~~~~i:~gN0~0~:~ws. 

41250Ma . . . . . $1399 

COMPAQ COMPAQ 
CONTURA 4/25 PROLINEA 

DOS, WINDOWS, MOUSE, MOHO DISPLAY 486SX/33 {Ml"I TOWER) 

4/120MB • . . • . . .$1699 4MB RAM. 2701.16 HD, I 44MB 
l1o;>py drive. OOS, WINDOWS.Mouse4/209MB ........ .....$1980 


$1299 

. call 
. . . call 

. . . call 

. . . . call 

COMPAQ 
CONCERTO 4/33

PCMCIA SLOTS, DOS. WINDOWS. 
PEN. PASSIVE MONODISPLAY 
41250MB . . $1499 

COMPAQ 
PROLINEA 

486SXl25 (DESKTOP) 
4MB RAM , 240MB HO. 1.44MB 
Jloppy dnw. OOS, IYINOOWS. MOUS<l 

$1125 

WE 
STOCK: 

ADAPTEC 

BOCA 

CALCOMP 

CITIZEN 

INTEL 

CREATIVE LABS 

EPSOM 

HAYES 

MAYNARD 

MOUNTAIN 

KINGSTON 

LOGITECH 
HOUSTON 

INSTRUMENT 
EXABYTE 

KODAK 

PINNACLE 

FUJITSU 

ACER 

ALA 

MultiMedia 
COMPLETE PACKAGE 
CREATIVE LAB 3X KIT , •.•. 689 
ProAudlo Mutllmedla System . • . . 665 
Fusion OoubleCD t6 lnl • , •.... , •• 285 
MEDIA VISION PRO 5000 . . . . 659 

SOUNO CAROS 
Sound Btaslor 16/t 6MCD •• , ... 125/150 
Sound Blaster 16 SCSI/SCSI ASP 180/229 
PRO Audio spectrum .• call 

CO-ROM ORIVES 
Sony 33A. . . . • . • . 155 
Sony CDU 535156 1. • ...... 289/299 
NEC 3XI (INT/EXT) . . . . . . . 449/499 
NEC 4XPRO .. .. .. .. .. . . . . .. CALL 

GRAPHICS CARO & CONTROLLER 

DIAMOND VIPER 2MB PCINLB . . 350/330 
STEALTH 32 2MB VLB/PCI •.• , . 225/225 
All TURBO 2MB ISANLB •..• 420/420 
ATI TURBO 4MB ISANLB ..... 680/680 
ORCHID KELVIN (64-bil) 2MB • • . •. 240 
ORCHID 1280 2MB VLB . . .. .... 199 
ADAPTEC 2940 PCI SCSI KIT . . • . . . 299 
ADAPTEC 2842 VLB KIT . . . . . . . . . 299 
ADAPTEC 2742 EISA KIT. . . • • . . 320 

MANAGER SPECIALS 

NEC 3v/4FGe.. . .......... 480/630 
NEC 5Fe/5GP .....•..... 999/1099 
NEC 6FGP/3PG ............. 1999 
IBM SLC2/50MHz+ math-co . .. . 1 B6 
IBM SLC2/66MHz+ math-co . _ . . 250 
IBM BLC3/75MHz + ma!h·CO.. . . 3BO 
AMO 486DLC·40MHz ..... . . . . 199 
CYRIX 486SLC/33 . ............ 99 
Intel salisfax 400 ... .. . . .. . . .. 299 
Intel 14.4 pcmcla . ... ......... 240 
U.S. Robotics 14.4 fax S/R ..... 129 
Best Dala 14.4 Fax ......... .. . 115 
24/9600 FAX MODEM . .. •.... . . 55 
Notebook Upgrades 
130MB hard disk . . ........ special 
213MB l1ard disk . .. .. . .... special 
340MB hard disk .....•. . .. special 
540MB hard disk ..... •.... special 

NOVELL SPECIALS PRINTERS 
EPSON LOB70/t 170 ' . . . ' . 430/580

NETWARE 3.12 NETWARE 4.01 EPSON L0570/1070 ,. . . 231/355

5 USER , . . .special 
 5 usm spuclal OKI ML320/321 • . .. 315/440 

10 USER special 
 10 USEn special OKI ML590/591 .• 440/585

25 USER • • specia l 
 25 USfR . specia l OKI OIAIOe/410 . •• 845/528

50 USER , , speclal 
 50 USER • special OKl810/830 .... 899!1075 

100 USER .speclnl 
 too USER , . special CANON BJ 10SX/BJ-200u 260/310 

~------------, CANON BJ c600•..• ... 585 
......--------------,1Panusonlc 4430/4410 . .. 879/49t 

HARD DISKS Pannsonlc 182412624 . . 399/425 
Conner 210/340 . 1991220 Pannsonlc 202312124 .. 1991335 

355n55Conner 540MB/l GB •Please coll tor updated prices.
Connor 420MB . . 245 


Maxtor 540M8/1GB 
 •. 3551call II=============: 
•930ouANTUM 1GB · Tape Back-Up Drives 

MICROPOLIS . . . • 799 

'CALL FOR ALL BRANDS 
 Colorado Jumbo 1201250 (int) , 110(179 

;=============;1 Colorado Trakker 120/250 (ext) ... 220/354
APPLE 

OUADRA600/605 SERIES ..... .. call 
MAC POWERBOOK SERIES . . . . . call 
POWER PC 6100/GOMHz ... . .... call 
POWER PC 7100/66Mt1z. . . • . . call 

POWER PC 8100/BOMHz . . . . call 

Syquesl 88MB lnl/exl • . . , . 480/560 
Colorado Power Ta1>e 2GB (lnl) . 985 
Colorado Power Tape 4GB (Int) , ..• 1199 
Colorado Power Tape 4GB (ext) • 1365 
Wnng1ek 525/tGB (inl) • • . • . 589/720 
Wangtek 4GB (Int) • • • . • . . . 1099 
'also carry Exabyte , Mountain, etc. 

: Computerlane,nc. 
Corporate Accounts 
Volume Discounts 

Welcome 

Outside California: 1-800-526-3482 
Inside California: 818-884-8644 •FAX: 818-884-8253 

7500 Topanga Canyon Boulevard, Canoga Park CA 91303 
Hours: Monday - Friday 9 - 6, Saturday 10 - 5 

Compaqis aRegisteredTrademark ol 

Compaq IBM rr. aRegistered Trademark 


of lnterna11nnal Business Machines. 

All quolea price; refIf((a 5% cash d1s.:oun1 

Visa. MasterC.lrd and American Express 


Wire Transle1 Also Accepted 


Pnces sub1ee1 to change without nollce. 

Circle 191 on Inquiry Card 



It's fast. It's small. It's reliable. It's incredibly compatible. 
Backpack is the best selling parallel port tape drive and I Mbps transfer rate, Backpack is the smallest 

on the market. We'd like to tell you why. and fastest parallel port tape drive you can buy. 


With Backpack, tape backup is quick and simple. Micro Solutions is dedicated to the perfection 

Just plug it into your printer port and it's ready to of backup technology. 

use. No hardware conflicts, no slots required. One 
 CD-ROM, hard drive, and diskette Backpack 
model fits all IBM PCs, compatibles and portables, drives are also available. Call today for ordering
regardless of CPU speed. information and a dealer nearest you. 
Backpack can store up to 250MB on a tape using Telephone 815 .756.3411 FAX 815.756.2928 
data compression, is completely QIC80 compatible, 

and reads QIC40 tapes. With its compact size Micro5c*JtlcJn! 132 W est Lincoln Highway DeKalb, IL 60115 


Call toll free: 800-295-1214 




Clrcle 205 on Inquiry Card. 

Fast Portable Tape Backup 

for DOS, Windows, and OS/2 


Valitek PST tape drives connect in seconds to the parallel, 
serial, or SCSI port of any IBM compatible PC or Macintosh. 

>- All drives come with parallel, 
serial, and SCSI interfaces. 

>- Capacities from 500MB to 5GB. 

>- Software available for DOS, 
Windows, and OS/2. 

>- Compatible with Novell Networks. 

>- Autoswitching 110V/220V power supply. 

>- Up to 12Mb/min. on standard parallel 
ports. 

When you can't afford to lose a single bit of data, can you afford anything less than a VALITEK?

" t\LITEK 100 University Drive Call: 800-VALITEK FAX: 413-549-2900 
V~ Amherst, MA 01002 or: 413-549-2700 BBS: 413-549-7560 

l8 
ANALYST'S 
CHOICE 

It runs with 
NetWare 

We've Made It 
Perfectly

Clear.
The most advanced, Innovative and best sounding digital 

audio adapters come from Antex. That's why they're pre­
ferred by OEMs and Integrators worldwide for broadcast, 

recording and multimedia applications. 
The Antex product line capab/111/es include: 

• Multiple compression foonats - ISO/MPEG, Dolby AC-2, CDI, 

CD-ROM XA, MS ADPCM, IMA 

• AESJEBU/ S/PDIF digital 1/0 

• Balanced/unbalanced analog 1/0 
• Digital level control 

• Programmable floating point DSP 

• Onboard EEPROM for software security mt• 16-bit stereo, 64x oversampling Sigma Delta 
digital• High-level DOS/Windows/NT drivers 

• Dual-device and multiple adapters 

• 32-voice wavetable synthesis UDIO 
• SCSI/MIDI intertaces The diflerence is clear.

• Wavefoml visualization tools 

800/338-4231• 310/532-3092 • FAX310/532-a509 
16100 South Figueroa Street • Gardena, California USA 90248 
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Modular Circutt Technology's motherboard features a32·blt 
VESA Local Bus for quick data translerl The VL Bus enables 
your CPU to share Information with 2 other interfaces at 
speeds up to 33MHz. The 32·blt cache architecture allows 
more data per cycle. The VESA Local Bus gives you the 
added advantage of economical upgrades-standard 8 
and 16·bit ISA cards plug right Into the motherboard. 
• 33MHz Intel 80486DX or 66MHz Intel 

804860X2 CPU 
• Uses 256K x 9, 1 M & 4M x 9 80ns SIMMs 

(0K installed) 
• ZIF CPU socket for upgrades, eight 16-bit 

expansion slots 
• MS·DOS & Windows 3.1 compatible 

This case features 5 external 
drive slots. Holds 2 floppy, 
one tape, one CD ROM and 
a PCMCIA Interface adaptor. 

~......1.-1.--"=-"-._ 

• Drive slots for three external 5·V4', two external 
3-112' and two internal 3-112' devices 

• For mini-size motherboards with up to 8 slots 
• 6·112'H x 17-V4'Wx 16·314'D desktop case 
• Front panel access to power-on, turbo and reset 

CASE-45 ································· ····-·····-······················· $59.95 

This 17' monitor combines 
0.26mm dot pitch for reduced 
flicker and crisp, vivid colors. 
• 1280 x 104 resolution; 

0.26mm dot pitch 
• Non-Interlaced and 

Interlaced modes 
• 1101220 VAC, 50/60 Hz Input 
VGA·MOll·1711 ...................................................... $899.08 

5·V4' Phillps CD·AOM drive 
provides access to awealth of 
litles and reference material! 
• 8-bit 286/386/486 PC 

compatible card 
• Uses IRO 3, 4, 5 or 6 & 1/0 port 

300x, 31 Ox, 330x or 340x 

• DESQvlew 386, Novell 
NetWare & OS/2 compatible 

MCT·M486VL·33 33MHz 4860X CPU .. . .. .. .......... $399 .95 
MCT·M486VL·66 66MHz 486DX2 CPU ........................ $599.00 
SPECIALS FOR BYTE CUSTOMERS OHL YI 

BDXOX20DP·66 .................... $419.95 
Plugs into 33MHz 486SX or 
486DX OvcrDrive socket 
BOXDX20DPR-66 ................• $419.95 
Replaces 33MHz 486SX or 4860X CPU 
BOXDX20DP-50 ....•............... $289.95 
Plugs into 25MHz 486SX or 
4860X OverDrive socket 
BDXDX20DPR·SO ••.•............. $289.95 
Replaces 25MHz 486SX or 4860X CPU 
BOXSX2DDP·50 •. .................. $249.95 
Replaces existing 25MHz 486SX 
with SOMHz 486SX2 

infel. 
JDR Price Guarantee 
ff you purchased any item from 

JDR Mfcrodevices in tile last 
30 days and we've lowered 
our price, call us with the 
details and we 'II promptly 

refund the difference 

Designed primarily for laptop and desktop computer systems, Conner ha rd drives offer 
low power consumption, high-reliability and a low-cost Interface. Based on 3-1/2' IOE 
technology, these drives are designed lo withstand intense amounts of shock. Each 
features alook-ahead read buffer, automatic head retraction and high-performance 
voice acluated heads. New power saving commands support "Green PC" applications. 

.-~·-

i'~ 
I •. 
~ . ~ 

Model # Capac1ly Speed Cache lnlerface Form Price 
14ms 
13ms 
14ms 
10ms 

32KB 
64KB 
32KB 

256KB 

IDE 
IDE 
IDE 
IDE 

229.95 
289.95 
329.95 
419 .95 

This card is Ideal tor 
diagnosing system 
boot·up problems 
because it does not 
require any software 
to operate. 

• 286/386/486 PC 
compatible card 

• Displays power·on 
self-test codes 

• Works when software won't boot computer 
• Includes AMI Diagnostics 

DUE TD CUAAENT MAll~ET CO DITIOllS,1­ 1 
CALL FOR CURRENT DRAM PhlCESt 

Size Speed Tft! Price 
1MX•axa tMx9 sons SIMM 49.95 
1lllXl-llX3 1M x9 60ns SIMM 54.95 
4llXH8XI 4M x9 eons SIM"' 169.95 
4MX9·8GX9 4M 1 9 60ns SIMM 169 95 
SPECIAL FDR BYTE CUSTOM£RS ONLY I 
11MXH11X9 16M x9 70ns 
1111X31-70 1M x 36 70ns 
2111X31-70 2M x36 70ns 
4111X31-70 4M x 36 70ns 

Sl"!M 779.DO 
SIMM 199.95 
SIMM 379.95 
SIMM 749.DO 

• Thin net version Includes BNC connector; 
IOBaseT version uses RJ45 connec tor 

MCT-1 0B2 Card with Thin Nat BNC connector only ... $49.95 
MCT·10BT Card with tOBaseT RJ45 conne<:lor only .• $49.95 

Put a 5-V4" and 3-11.1' 
lloppy In one slotl 
• Supports 1.2Mb/360Kb 

5-V4' & 1.44M bn20Kb 
3-112' diskettes 

• 5-V4' ha ll-height drive 
FOO-CO MBO .................. ............................ .. ......... ...... $99.95 
FD D-1.2 l.2Mb 5· 1/4' Floppy drive ............................ $59.95 
FD D·1.44A 1.44Mb 3·1fl" Floppy drive ....•. .....•... .•..... $59.95 

FREE JOH CATALOGS! 
PC PRODUCTS 
AND ELECTRONIC 
COMPONENTS 

CALL TOLL-FREE 

--­ 800-538-5000 



Clrcle 207 on Inquiry Card.l?@@JU' 
• RAckMOUNT SysTEM

@OD@o~U@~ ~@@l[i'cs@ 
- 286, 386, 486 ISA I EISA I VESA 

[(@[j' 
• RAckMOUNT MoNiTORS 

OOD~®~UU'~ a 0~®Oill~U®~ - 10", 14" and 20" 

• RAck MoUNT ENclo suRES 

- Up to 20 Slots & 500W PS4i'i'=t0 
INTERNATICNAL, INC. • RAckMOUNT KeyboARd 

- Full travel Drawer Mounted 101 KB 

2032 Bering Dr. • RAcbtooNT HIUld Dtliv£ ENClOSURE 

San Jose, CA 95131 - Up to 4 Full Height w/ 600W PS 

• INdumtlAl D£sk:.Jop I TowER ENClosuRES 
~ Up to 20 Slots 

duNdw Powa Supply 

POWER PRINTING - 150,000 cps 

Plug the BuffPort™ Into your PC and printto any parallel 

printer or device. Transfer data from your PC as fast as the 
printercan accept it,up to 150,000 cps. (Astandard PC parallel 
port is typically limited to about 10,000 cps.) Use the BuffPort 
with the HWP for a150,000 cps printer sharing system! 

If you have an older printer that does not have an 
high·speed interface, then connect 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. 

SIMMs: 
1x36 &32 
2x36& 32 
4x36 

Printer Sharing: 
SL 6ser. &4par. 
SLP 2 ser. &8 par. 
HWP 5parallel ports 
HXM 2 ser. &2 par. 
HXS 
ASB 

4 serial ports 
5parallel ports 

111/FhfLD) 2805 19th St. SE, Salem, OR 97302-1520 FAX: (503) 585-4505 (800) 345-2356 

4 x 8, 1x3 
PCMC/A 

~) 
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Add·ln Boards 

IQ!!ll@!I!! 16 BIT SCSI adapter.8 BIT/16 BIT 
internal 50-pin & noppy ribbon cable,


ISA-SCSI Adapters adds a BIOS and suppon for up to 1wo 

3.5 and/or 5.25 floppydrives. $132.00 

1aa•tit{ll 16 BIT SCSI 
adap1cr. in1ernal 50-pin ribbon 
cable, add. aBIOS allowing 
the P.C. 10 boor from a SCSI 
disk drive $97.00 

IQ!!ll@ll!) 16 BIT SCSI 
adapter, inlernal 50-pin ribbon 
cable $83. 00 

!Qil;f.til 8 BIT SCSI 
adapter. adds a BIOS allowing 
!he P.C. to boor from a SCSI 

Mfg. In The disk drive $61.00
U.S.A . 

!Qjjt;{l!fl 8 BIT SCSI 
P.£. l.cgic. Corp. desig111, ma11ufarlures 1md rnpports adapter, internal 50-pin ribbon 

thr hardwart aud .wftw11re for all its prt>tflit'I.~ cable $56.00 

P.E. Logic Corp. • 22695 Old Canal Road • Yorba Linda. California 92687 

To Order or for mnre information (800) J45·SCSI 
Circle 279 on Inquiry Card. 

® 

(EPP) 
•Connect ex ternal SCSI device 
10 printer pon on P.C. de ktops 
or notebooks $135.00 

Bar Coding • Communications/Networking 

The Time Wand l offers credit-card 
. ized portability, ideal in time and 
document tracking application . 
TI1e rugged DuraWand can take 
t:be punishment typically found in 

Call today to receive a free 
information kit on Videx 
portable bar code readers. 

11 OS N.E. Circle Blvd., Corvallis, OR 97330 l•.1f$ p 5) 
503-758--0521 •Fax 503-752-5285 

1=-t;• 
Videx, TimeWand, and Dur.1Wand are registered trademark' ofVidcx, Inc. GC0462B 

Commu i ati it 

GMMSync™ 
Zilog1M85C30, 8523Q Based 
Async, SDLC, HDLC, lli ync 
Built In Null Modem Option 

Circle 249 on Inquiry Card . 

Perfect for PC to Mainframe Apps 

all or Fax U 
OEM and Dealer Inquiries Welcome 

(714)752.9447 Fax (714)752-7335 
'-mli1~ GMM Research Comoration ~ tll09l Sky Pnrk Sooth, Unit E, lrtlne CA 92714 

Circle 230 on Inquiry Card. 

8-64 Serial Ports in a PC 
BBS550 

• 8 ports, 16550 ARTS 
• Oigi, Galacticomm compatible 
• Works with all populnr rm ' 

Software 

• 8 ports, 32K-512K FIFO 
• Windows, DOS, UNIX, XEN IX, 

FOSSlL drivers included. 
• RS-232, 422, 485 interfaces 
• 24 MHz Processor 

G T E K" Contact your loca l computer 
·'"" dealer or ca ll : 800-282-4835 

PO Box 23 10 B<1y St. Louis MS 39521 Phone: (601) 467-8048 Fax: (601 ) 467-0935 
All prOOuc1 names ur compun y names arc 1hc propcn y of tJ1 eir rcspcc1ivc htllden.. 

Clrcle 231 on Inquiry Card 
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Communications/Networking 

Voice 

Boardsfrom 

New Voice. 

Now the others 

are obsolete. 

(Scary, isn't it?) 
Computer Telephony Integration 

(Cfl) is one of the fastest growing 

markets. Pick the voice board with 

performance that screams. Our sophisti ­
cated 2, 4, or 8 port models provide the 

best building blocks for success. Used 

applications such as: 


• lnt' l Callback/ Debit Card • Telemarketing 
• Interactive Voice Respon ·e • Audiotex 
• Voice Mail/ Messaging • Talking Yellow Pages 
• Automated Attendant • Tl Interface Support 
• Fax Back/ On-Demand 
• Tele-conferencing 8500 Leesburg Pike, Suite #409 
• 800/ 900 Services Vi nna, VA• 22182-2409 


Tel (703) 448-0570 

Fax (703) 448-1078 
New. 

Circle 273 on Inquiry Card. 

CONTROL 

ALL YOUR PC SERVERS 

FROM ONE KEYBOARD, MONITOR AND MOUSE 

with MasterConsole 11 

COMPARE QUALITY 
AND PRICE PERFORMANCE! 

• Save Space, ut ists & cntralir.e 
ontrul with I00% Reliability 

• "Plug un<J Piny" Any Mix of ATs 
& P. /h: Suppons P ·n. & crial Mouse 
& All Video 

• Dcskt.op or 19'' Ruckmount Models 
for 2. 4, 8, 16 PCs. Expand to 64 

• Keyboard & Mouse Emulators for 
Error Free PC Opcmtion und Autoboot 

• AUTOS ANT" to Monitor All 

• Remote Access u1>10 150 Feet 

• ·n1ou·anili in se Worldwide n,.fJ 
GSA Schedule for US Fed. Govt. ~ 

CALL TODAY! RCI 
(908) 874-4072 x 71 

RARITANCOMPUTER, INC. 10-1 Ilene Court, BelleMead, NJ 08502 Fax (908) 874-5274 

.111-ll \' \10'\I ·. , II\('" <;t \R \\I I.I . HI.I. 1-' E \I(\\ \I((( \NI\ 

See '~' m etworld & lnlerop '9-1 - Atlanta, Booth #678 
Gemu111y- Tn mac, Tel : (J21 l-65SS-2 Fax: 0211-4558-133 
Jnpan - Pro ldcCmp.. Tel: 81 -3- 254-6131Fox: 81 -3-3254-6134 
Taiwan - Rari1an Compu1erToiwu11, In .. Tel: 886-2 218-111? Fnx: 886-2 218-1221 
TI10 etberlsuds - Anelcom B.V., Tel: 31-1-442-33 13 l'nx : 3 t-10442-3443 
United Kingdom - KcmilronLTD. Tel:44-244-536123 Fax: 4~-244-531043 
INTERNATIONAL RESEUERS INQUIRIES WELCOME - CONTACT RCI 908) 874-4072 

Circle 266 on Inquiry Card (RESELLERS: 267). 
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"No other solution 
stacks up." 

Communications/Networking • Computer Systems 

LET YOUR COMPUTER DO THE TALKING! 
Integratcd I Automated Attendant 

Voice/Fax Mail 
integrates mlljor voice/ fax applications p lus I Unlimited Audiotex 
program control Into one full-featured high I Voice Mailperlonnance software. PC-AT/386/486 based 
Menu driven. F.asy to use. Full support for I Talking Yellow pagesRhetorex, New Voice, Dlaloglc, Bicom, Pika, 

rn and Intel voice and fax hardWW:- Supports I Telemarketing 

up to 32 voice lines and up to 8 fax Imes. 


1lardwarc ~ 'o<•ftwarc Kit' 
 $5 9 5 I Fa.x Mail 
2 \lok<= line~ kit :-ota.t•t.s at 

Fax-on-Demand lines: 818-368-4566 or I Fax-on-Demand 
818 368-8848• · I Fax Broadcasting

StgmaTech Software . 
Tel: (818) .~68-(llil fax: (8Ull 568 '7859 I Date/Party lines 
10801DL<marck A\·e. 'lortlmdge, CA 91326 USA I Int'l Call Back 
(Rl:,cllt·rs/Dc:ilcrs/OF.Ms l'nv:llc label~ arc wclcomcJ 

Circle 258 on Inquiry Card (RESELLERS: 259) . 

TflRBET YCiUR PREYI 

Bag Your 
Voice Processing 
Objective 

• U[nCE mllUl 
• AUTD•TMaBfER 
• fAK-Oa-OEIRao 
Complete your mission 
for as little as $295. 

~fill1-800·685·4884 
510-522-31100 • FAX510·5Z!-5556 

W6Ull'{1t1dMiopazafOl:¥S' 

TALKING TECHNOLOGY, INC. 

1125 AtlanlieAve. • Alameda, CA94501 
 h1 

Circle 248 on Inquiry Card. 

PC 
Systems 

in ROM 


Use 'C' KS-2: XT equivalent card wilh NEC V40, 256k RAM S149(q l) 
code Options; PCMCIA, 1 M Ram/Rom!Sram, 3sr1., par, modem, AID. 

Run with KS-7: AT equivalent card with NEC V53, 51 2k RAM $289(q1) 
DOS Options; 7M Ram/Rom/Sram, Ssrl .. par, clock, VGA/LCD. 

Burn In KS-31: Piggyback card with modem, AID, keyboard, floppy, 
ROM IDE, EEPAOM. Complete development systems slart al $879 

(wilh tools to place DOS appllcaltons in ROM). 

/ICI L..A C' ALL Tel: 303-444-7737 

Boulder. Colorado 80301-2842 USA "1 Fax: 303-786-9983 


Circle 236 on Inquiry Card. 

TFT Active Matrix Color LCD Portable Case 

CREATE YOUR OWN PORTABLE PC! 
• 640x480 Resolution with 512 colors 
• Super VGA adapter 
• Simultaneous display on ext. CRT 
• Fil any motherboard (up to Pentium) 
• 6 Expansion slots & 4 drive bays 
• UL certified 200W Power supply 

Also available In TFT Color Projection Panel , expandable 
LAPTOP withone 16-bit ISA expansion slot for any PC card. 
PC Portable Manufacturer, Inc 
1431 Potrero Ave. Unit E, So. El Monte, CA 91733 
Tel: 818-444-6849 or 8144 - Fax: 818-444-1027 or 6488 

Circle 280 on Inquiry Card. 
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Computer Systems • Data Acquisition 

Rackmount Solutions 
RACKMOUNT COMPONENTS - QTY 25 PRICING 


Rackmount Chassis 19'xrx1r S13 1 

Rackmount VGA Monitor $531 

Rackmount Moni101 Shelf $113 

Rackmount Cherry Keyboard Drawer S200 


RACKMOUNT PLATFORMS- Qty t Prtcing 

RMS4860X2-66 EISA S1593 RMS486SX·33 $915 

AMS486DX·33 $1136 RMS386SX·33 S665 


RACKMOUITT CHASSIS - 15 Models up to 20 Board Slots 

SLOT CPU BOARDS - EISNISA 486, 486SX, 386. 386SX 

RACKMOUNT MONITORS - Super VGA & Monochrome 

RACKMOUNT KEYBOARDS- High Quality Cherry KB 

RACKMOUNT SWITCH - Video/KB up to 12 CPUs 

RACKMOUNT CABINET - Modular lrom 21' to 96' high 


Exclusive International Disuibutor Program now Available 

:1·~~~~~r llAllEr 
TECHllOtOC"I' INC. 

2468 Armstrong Street, Livermore CA 94550 
(510) 447-2030 FAX: (510) 447-4559 

Circle 253 on Inquiry Card. 

Senior Analyst 

DATAPRO INFOR.MATIO SERVICES, a McGraw-Hill Company, the world's 
leadiogsource of objective and value added information on computer and 
communications products, is seeking a Senior Analyst in its Info rmation 
Services Dil~ ion. 

Specific responsibilities include: 
• 	Tracking, researching and analy1fog data networkin hardware/software 

products :md market trends 
• Analylingvendor strategies, industrytrends and 

marketplace competitors 
• Conducting user and vendor i nten~ews 
• Developing positive working relationships "~U1 key vendors and 

industry contacts 
• Making presentations at technology conferences and industry events 
• Writing concL~e, factual reports. 

The ideal c:mdlda1e will 1>osscss: 
• At least 3·5yc:trs exp ricncc in res •arching, analy1.lng, and producing 

1 hnic:tl reports and articles (or qulv:~ent exp rlcncc) 
• 	 'trong knowledge of wide area data network products, broadband 

communlc:ttions :md network m:umgemcnl systems 
• 	Pra tical ·1>crlcn ·c In custom consulting assignm •nts (Big 6 

exp rlencc a plus) 
• Proven communication and platfonn skllls 
• Keen knowledg f multi1>lc product lines and complex Info rmation 

lcclmlc1u •s (e.g. Clicnl Scn•er) 
• Ila hclor's Degree preferred in Computer Science or Co111111munlc:1llon . 

Dat:tpro on: rs a competitive salary, a fuU range of comprehensive hcncflt~ 
including a m:uched 0 I k savings plan and :m oppornmlty to work with an 
Industry leader. Int rested c:uidid1ucs should send re umcs complct wi th 
salary requi r mcnts to: 

DATAPRO 

A'l1' : Paula l111.arlcl1 


100 Del ran Pkwy., D lr-.u1 J08075 

(Convcni ntly locatc.'<l 15 mi i<.'s south of Philadelphia) 


PC-based Solutions for 

Industrial Automation 


• Industrial PCs &Workstations 
• Enclosures and Card Cages 
• 486/386/286 CPU Cards 
• RAWROM Disks 
• Industrial l/O Cards 
• RS-232/422/4ll5 

1-800-800-6889 
1-408-245·6678 In CA 


Fax:40&-245-8268 


Circle 221 on Inquiry Card. 

Data Acquisition •Diagnostic Equipment • Disk & Optical Drives 

24-BIT AID 
CONVERTER 

* Programmable data rate, 

gain and filtration$495 * 	 Optlcally Isolated Money back guarantee 
RS232 serial Interface 

* 20 digital VO lines800-321-5355 * AC or battery powered 

* 	 With PC/XT/AT software
Lawson Labs, Inc. 
744/hA~. NW 406 257·5355 or FAX 257-5572 
Kalispell, MT59901 

We manufacture a broad line of data acquisition products. 

Circle 238 on Inquiry Card. 

/JAi' !li!Ol!o"' Jll.11a A<q•uition Prornsor• 
fJ11tloa l/0 10 330K. rnples per 11(.'Ctlnd Dlgitnl Signnt l'ron ...ing up 10 16 MI PS 
Olgltnl 1/ 0 to I.GMsnmplcs pcroecond 10.24 MllzCPO with up to 4M DRAM 
Up 10 512 nnnlog l111• 1ts on onr DAI' 20-32 Milz I) r with up to !KiK SIU\M 
Up to 128 digital lnput8/0lltlJllt DAl'I.'" pcn1ling S)'8trm 
t2·hit or 16-bit resolution AllC~ • 100• •uuH\aril cvnnn•nil• M ICROSTt\ R 
l'Vl'nntl l'll<·nlll!rini:with or>IH>nrd DSP -·-- ••• 
Cl'll: i181ior l·IA1i LAllORATORI ES'# 

Send for FREE catalog and d mo disketic. 221i~ I 16th Avcmr ·NI\ 

206-453-2345 / fox 206-453-3199 Beth•vue. WA 98004 


Circle 240 on Inquiry Card (RESELLERS: 241) . 

"Take AByte of Our Menu" 
Featuring: Mass Storage & Networking Solutions 

ComQuSharp
~//' 
· CompuSharp Integrated Services, I nc. 

"Connecting Customer1 to Technology" 

4230 LBJ Frwy. Ste 360 • Dallas, TX 75244 • (800) 934-4364 • Fax: (214) 934-0944 

Circle 275 on Inquiry Card. 
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Disk & Optical Drives 

PARALLEL-TO-SCSI CONNECTIONS! 
"171is producr .. .is damed 11ear perfect." - Jl!IT)' Pournelle Byte Mago:r.ine :W3 

''171e MiniSCSJ Plus is e~·en more elegw111han irs predecessor and a/mosr 
tll'ice asfast. '' - Jim Seymoor PC Magazine l2J92 

.+. 100% Printer Passthrough .+. Only 7.2 Ounces .+. Only 189.00 

.+. Compatible with all Parallel Ports .+. EPP Version Available 
The high-performance MiniSCSI Plus provide a simple and 
inexpensive way to connect SCSI devices to the parallel port or 
your desktop or notebook. For most notebook users, it's the only 
way to u..e SCSI device . early twice as fast as the original 
MiniSCSI , this MiniSCSI Plus let you run up to 7 SCSI devices 
from almost any parallel port. Plu " an integrated cable makes it a 
snap to share SCSI device with desktop and other notebooks. 

For more information, 

see your dealer or call 1-800-934-2766 @adapted

(1-408-957-7150 for information by fax). '° oow MORHIMl'OlTANTnw uvn. 


0 1994 Atbptcc. Inc All ri~u rescrvcd. Albpccc and lbcAdlptcc logu m: 1rudcmwbo( Adapk'(.'., 11.e., which my k 
~t;isten:d ill some jumiliroons. MiniSCSI i a ll'ldc:mlt\: of Tnnlor Sy"cms Li rru lOd. an Albpee.: OOmJWI)'. AU Ofhtr 
lradcmafb U~ h:~J If) thelf n:spcdlVC hokk';n 

Clrcle 252 on Inquiry Card. 

Terminate SCSI Problems! 
SCSI Vue1 

" 

Terminator 
~=: 1Rcg11lntio.
• StolUs lntlicuwrs 
• Quid OlllOCIS 


Bene 1 : 


• lmpmvcs S SI Bu8 

Pcrformunce 


• Less Errors: M re Rcliublc 

OULU Transfer 


High- Performa11ce 
Active Diagnostic 
• 00 • MA • UNIX • 

SCSI VueM 
l ·eu1un.,~: 

• Diagnostic lndicalors Gold Cables 
• Large Ferrite flillcrs 
•Triple Shielding 
• Double Gold 20u" 


Plated Connectors 

• Exira Heuvy 26 

Gauge Wire 


lkn~ri 1 ,, : 

• o Loss Of 

lmp0rtam Data 


• Fas1er Performance 
• Test Cable ln1egrity 

3101 Whipple Rd., Union City, CA. 94587 
Ph: 510-471-6442 Fax 510-471-6267 

Circle 262 on Inquiry Card RESELLERS: 263). 
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Graphics Tablets/Mice/Pen Input • Keyboards 

$299/kit + shipping & handling 
=> Touch mooitors are available on 

=> 	~li'!uon programming
interface tool is optional. 

=> OEMs/Dealers are welcome. 
lll-Tech [llltnlments, Inc. 
P. 0 . Box 1509 
Stafford, TX 77497-1509 
Tel: 713 - 980 - 9040 
Fu: 713 • 980 - 4251 

Circle 233 on Inquiry Card. 

Boost data entry speed, accuracy a11d convenience 
with Gellovati.o11 s Micropad,TM the innovative 
numeric keypad for porlablecomputers. 

Is the unhandy numeric section of your 
portable compuler's keyboard dragging youTO OMPUTER ... 	 down?....Give your productivity a boos1by 
using our Micropad. The ergonomically 
designed Micropad is ideal for spread hcct 
and accounting applications that require fast 
and accurate entry or numeri data. 

The Micropad attachei to the parallel port 
of any MS-DOS computer while providing a 
clean pass through connection 10 the printer. 
Power u age i negligible. Lightweight and 

T compact, the Micropad i runy compatible 
TO PRINTER with and progrnmmable under both DOS and 
17741 Mitrh~ll. onh Windows. It is also available with connectors 
Irvine, CA 92714 USA 10 lit keyboard and serial ports. 
TEL (714) 833-3355 

FAX (714) 833-0322 

(800) 822-4333 CiENOVATION~ 

Circle 228 on Inquiry Card (RESELLERS: 229) . 



Fl:ATURES l!rOPTIONS'. 
> Supports most 3.5' hard 

drives · 
> IDE, or SCSI mtertaces 
> Hot rernovabi!ltv 
;.. Key lock ON/OFF secunty 
> Fan ooofing option 
> Built-in SCSI ID selector 

switch option 
> Rugged11.ed aluminum or 

low-<:ost plastic version 
> Power/Drive activity 

LEDs 
> Patent protected 

19" rackmount keyboards 
> 1Uor 1.75' space 
> 25 models 
> Full travel el'd meml;irene 
> types 

IB M PC ')('(/AT. PS2 
> complltlble 

US and Intl. vers1011s 

> Spnng·lock from panel 
> Serial output 161 m, 2 
> button trackball 

Ca ll JNL at 
1-800-283-li123 

JNL Computer 
Productm Inc. 

Keyboards • Miscellaneous Hardware 

• Custom Key Imprinting • all brands! 
• Custom CAlored keys for I~ DEC", 
W~ Key Tmni~ Cherry9, and morel 

• Custom and stock keytop label kits for 
softwan= support &. languages. 

• Full color keyboard templates made to 
your exact specifications. 

• Wool Perfect Keyboards. 
• Cyrillic, Arabic, Hebrew, etc. Keyboaida 

Dept. BYTE, 260 Justin Dr. 
Cottonwood, AZ 86326 

0 0 602 634-7515 
CORPORATION FAX 602 634.-4620 

CUSTOMIZE YOUR KEYBOARD 


Circle 234 on Inquiry Card . 

REMOVABLE STORAGE MODULES 

669 Glass ln 
Modesto, CA 95356 
Tech Support: 209·576-4662 
Fax; 209-575-4682lu. 

15i5E5E5E5!!i:EcoMPUTEll.l!crs1Nc.:::55!!E!ii!E!ii!E!ii!E!ii!E!ii!E:::I 
Circle 268 on Inquiry Card (RESELLERS: 269) . 

Next Step 
In User 

Toke th e slm in off your 
hands. Uniquefool pedals 
mimic CONT ROL, ALT, 
SHIFT or otherkeys11o kes 
of yourchoice! 

• Fo rOigh l simula lors 
• For injured ond disabled 
• DOS/ Windows 

Limiled Time 
lnlTOd uc tory Offer! 
3 Pedals for 
$69.95 
Regul arly $89.99 
To Order Coll 
1-800-203-0092 

Bilbo lnnovolion s, 2701 U~r~lj A1~. Suite 8, Modi!On, WI 53/01 
Fox 608-233·8897, E·ll.ail SBB@BllBO.BOY.COM 

Circle 277 on Inquiry Card (RESELLERS: 278) . 

Laptops & Notebooks • Multimedia/CD-ROM 

Notebook Expansion 
The Easy Way 

LapStation Expansion 
Systems and 
CableMate Port 
Replicators let you 
attach any desktop 
peripheral or PC 
enhancement card 
to your notebook in 
one easy step. 
Models with one to 
seven slots and bays 
support most popular 
notebooks. 

---~ix,­corpo rat i on-­
The Portable Perlpherols People 

1214 Wilmington Avenue I Sall Lake Cily. Utah 84106 
(801) 466-9797 FAX (801) 485-6204 Toll Free (800) 866-9797 

Circle 224 on Inquiry Card. 

Let your "true colors shine 
through" when you advertise your 

computer products In BYTE' 

HARDWARE/SOFTWARE SHOWCASE 
our newest, affordable, 4-color 

advertising section! 

Call for more details: 
(603) 924-2695 or (603) 924-2598 

VIDEO FRAME GRABBER / ACCELERATED SVGA DISPLAY 
HIGH PERFORMANCE, SINGLE SLOT, PCI / VL BUS 
IMASCAN " /Chroma 

NTSC, PAL, SECAM, VIC (S·VIDEO) 
AS-170 MONO(640X480) 

IMASCAN /Mono·D 
RS-170 MONO (5 MHz • 20 MHz) 
8116 BIT (40 MHz) DIGITAL INPUT 

IMASCAN/RGB 
16 124 BIT RGB (5 MHZ· 15 MHz) 

IMASCAN PRODUCTS INCLUDE: 

• PClandVLBusArchilecture m · IMAGRAPH" 
• 2 MB Shared Frame Butler Deslg11 ~·'. 
• Transter Rale to 25 MB/S•cond, Dual Po1t Trans ler ' 11 Ellzabelh Drive 
• Sub-Pixel Clock Ntgnment. Programmable Galn/Ollset. DC Res1orat1on Chelmsford MA 01824 USA 
- Real-time Video In Window wllll Continuous Scale and Zoom Tel (508), 256-4624 

• 24/1618 Bii Color Display up to 128a x t 024 at 70 Hz • 

• Dmers lor Windows 3 X, Windows NT. Video tor Windows. IBMOS/2 Fax: (508) 250-9155 
• Appl1ca11on Orivers lor Image-Pro Plus and Optimas Available 

Circle 264 on Inquiry Card 
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Programmable Hardware 

U programs El'ROMs, 
EEl'ROMs, FLASH, l'/Cs, 8751 
micros. It emulates RAM and 

ROM tao! 
To gel S4 01 your desk tomorrow, or 

to .simply request literature, call: 

US: 407•649-3335 
INT'L: (+44) 300 320719 

US FH: 407-849-3310 
INT LFu: (+441300 321012 

uAu\mAn us: Oataman Programmers Inc., 22 Like Beauty 
Drive, Suite t01 , Oft1ndo. FL 32806, USA. 
Ul: Dataman Progr1mmer1 Lid, stalk>n Roa<t 
MAiden Newton, DotHI OT2 OAE. U.K. 

Circle 226 on Inquiry Card. 

1800 668-2707 Voice: 519 850-0637 Fax: 519 660-1002 
From DWC µPLC ... 
Our Hottest New Product!I 

Save time. Save money. 
Our wide r.ingc of C·progr:unmable miniature 

contmlkrs Jre l<lc:il for control appliClltion>, dma.-=::~~~=J~;;JI 
acqu1>ition, and test and mt'3Suremcn1. Compact Jnd low In pnce 
fthc Link• PL " ' <tbovc Is 2' x3" and 195), the~ wn1roller' arc progr:unmed with 
uur eaoy·IO·USC D)·nami C" ' devdopm"m system ur controllers fe:11ure clii:nal 
110 , AOC~ and OACS. rduy am! wlt::noid dnwr.;, RS232 W>485 ~rfal poru., bauery­
hackt!<l memory and time/date clock, LOJ , keypJds. ~ndosure and more! 

172q l'ica:.SO Avenu~ 24-llour Inf mmuion 
Davi , ,:\ 9'i616 , •rv1c.: 916.755.(>618. 
916.7)7.3737 Ca ll rum y our f/\X and 
916 .753 .'il il FAX follow the instrnctlons. 

Circle 251 on Inquiry Card . 

Tape Drives • Business 

3480 & 9-Track 
Optical CD ROM Maker 

Windows NT, 052, Novell Software 
• 3480 from $5995 
•CD ROM Maker $3795 
• Optical Storage from $995 
• 9-Track $995 Complete 

CALL 1-800-938-TAPE 
Get The Very Best For Less 

Laguna Data Systems 

• 
" _.~ t ,., 

moke Ranch Road, Suite C, Las Vegas, NV 891 28 
Tel: (702) 254-2648 • 

QURLSTBR; 
...The Tape Experts 

• Top Quality 

• High Performance 

• Proven Reliability 

• Easy to Use 

• Best Price 

• Total Support 

.A, 

Fax: (702) 254-09 10 

Circle 237 on Inquiry Card. 

9-TRACK # m 
3480/3490 a 
Data Interchange for 
DOS, NOVELL, UNIX, 
WINDOWSAND O S/2 

6709 Independence Ave. 

Canoga Park, CA 91303 


FAX (818) 592-011 6 

Tel (818) 592-0061 


li I (800) 468-0680 


Circle 244 on Inquiry Card. 



CAD/CAM • Communications/Networking • Graphics Database • Graphics 

Wlnlek Corp orallon 
180 1South Street 

La fayette. IN 47904 

742-6809 

The first printed ci rcuit­
board program for the IBM 
PC, and still the first choice 
for designers of 2-sided 
PCBs, occasional users, and 
educators. The program's 
features include unmatched 
ease of use, continual 
design-rule checking, auto· 
matic pad shaving , trace 
filleting, soldermasks. and 
silkscreen. smARTWORK 
with autorouting is $895 
(S495 without) and has a 
30-day money-back guar­
antee. Call (800) 742·6809 
or (317) 448· 1903. 

Circle 250 on Inquiry Card. 

BW-M11ltiC01111ect 

for \Vinclo,rs NT 


1l1rns Windows NTT" 
into aNetWare® 

server for DOS & 
Windows'M clients. 

For FREE 30-day aluati u 
·all l-800-463-6637. 

Let' t . r'" 

eame ........,._..__..___ & 
!Whiteside 

Software•w 
'i'rPdt•lllilrl • ftlr lhc pTOfl<'rtf or llWi r re Jlf'<ll\•e 0Wllf'I>. 

Tri: (9 19)8:Jl .f1<!8'J, f'1u: ('J l9)8.1 l-tt990.C> l<l() t 1Jru111 &Whiwsido ' r1wu1t·, l11r. (O:l'lll) 

• - - -"" 17w,,,,4Nwy. WI.Ill ear/6 FN1lfl '""y~- - - ­

Circle 2 54 on Inquiry Card . 

Circle 24 5 on Inqui ry Card . 

Factory Data Collection 

The TransTerm 5 is awork station data entry/display terminal 
for on -line shop floor data collection into PC/AT/PS-2 systems . 
The unit is one of a family of such terminals which feature LC 
displays for operator prompting and data entry via sealed touch 
keys or an optional barcode scanner or badge reader 
(Code39,UPC+). A multi-terminal network controller (up to 250 
stations) and a dBASE IV compatible software package are also 
avai lable. System costs start below $300 per station. Options 
include display backlighting, barcode scanning , counter inputs, 
control output. 

COMPUTERWISE; 
302 N. Winchester• Olathe, KS 66062 

913-829-0600 • 800-255-3739 •FAX 913-829-0810 

Circ le 225 on Inquiry Card. 

GSS*GKS 

Graphical Kernel System 

for MS Windows 
GSS' GKS, a C and Fortran function library based on the 
ISO/ANSI GKS-standard. enables you to develop portable 
graphics applications including user Interaction, coordinate 
transformation and object segmentation. GSS'GKS. which is 
well established as a DOS version, Is now available for MS 
Windows. Take your existing GKS code, recompile and link it 
with the GSS*GKS libraries and get a real MS Windows 
application with access 
to the Windows print manager. 
When developing a n~w 
application you experience a 
powerful graphics functionality that can easily be integrated 
Into the windowing environment. You may even add Windows 
elements such as menus or pushbuttons. Supported 
compilers are: MS C and Fortran, MS Visual C, Borland C, 
Watcom C and Fortran. In addition GSS' GKS libraries are 
available for Windows NT. OS/2, SCO UNIX, Interactive UNIX, 
Solaris and Onsite UNIX SVR 4.2, thus offering portable 
graphics functionality on Al 
all platforms. •fllfl/#!l.CL EMATEK GmbHw--- Subbelrather Stra13e 17 

D-50823 Cologne, Gennany 
Phone:+49-221-512074 

A Fax: +49-221-529666 rn [MJ~jf rn ~ Email: gsscgi@ematek.de 

Clrcle 276 on Inquiry Card. 
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Data Acquisition • Software Duplication 

Numerical Analysis Software 
Free HiQ numerical analysis and data visualization 
demonstration software for Macintosh. The demonstration 
package includes the HiQ demo program and an 84-page 
step-by-step demonstration manual that gives the user a 
comprehensive look at HiQ. Example problems include: 
signal processing, ordinary differential equations, linear 
algebra, numerical integration, and 30 visualization. 

National Instruments 
6504 Bridge Point Parkway, Austin, TX 78730 

(512) 794-0100 
(800) 433-3488 (U.S. and anada) 

Fax (!J 12) 794-8411 

Clrcle 242 on Inquiry Card. 

RAPID REPRODUCTION 
imple Fa t mart Reliable Duplicator 

AX lOOOMANUAL 
-FORMAT, COPIE ,VERIFIES . 
- 180 3.5 H.D./hr. 
- Pl ALL MFM FORMATS 
- RELIABLE TEA DRIVES 
-AVG . 100.000 OPrES/DRIVE 
-5.25" + 3.5" DUPL.1 AT ION 
- I YEAR WARRA TY 

AX-2X AUTOLOADER 
- FORMATS , COPIES, VERIFIES 
- I 0 3.5 11.D./hr. 
- OPI ES ALL MFM FORMATS 
- FULL BIT BY BIT VERIPI ATIO 
- ADJ , TABLE WI DOW MARGfN 
- BATCll PRO ESSJ G 
• 6 MO TH WARRANTY 

~X~O~IKrlC 
TECHNOLOGIES 
CORPORATION 

4995 TIMBERLEA BLVD., UN 1T 9 
MISSISSAUGA , ONT. L4W 2S2 

TEL: (905) 602 9270 FAX: (905) 602 9279 

Circle 222 on Inquiry Card 

Mathematical/Statistical • Utilities • Windows 

PC'fEX 
Typesetting Software 

nZ x11·Z dt = t ( (:c4 -i)
3 

1_ 00 X - tY i=l Jz3+ ylO 

This complete typesetting system makes 

your books, manuals, articles, & math formulas 


look their best! 


For a FREE CATALOG & DEMO DISK, call 800/808-7906 
l'l?f>onal TE'(, Inc. 12 Madrona Street Mill Valley, CA 94941 Fax: 415/388-8865 

Circle 243 on Inquiry Card. 

HEALTHCARE 
FOR YOUR 

HARD DRIVE 

THE FIX ...for disks 

THE FIX REBUILDS: 

• THE F.A.T. TABLE! 
• THE BOOT ECTOR 
• THE PARTITIO TABLE 

l'VP. IF ALI. TllllPP. Alli' ORIWl'Thl) 

"The single most powerful data recovery 

tool known to mankind" ... THE FIX!! 
No longer will "Failure Rebuild the Drive... 
Reading Drl e C:' ot 'Non Get the Data...
System Disk Error" cau e It's that Simple!
havoc. GET THE FIX! 

RECOVER THAT DAT • CALL OW 
CO, SOLIDi\Tt;D SOIT\\'ARF. PROD Cl"S. I C. 

, · .n ICOD I 1-800-737-8763 

Circle 281 on Inquiry Card. 

Run 

Application Software 
on Windows ·without 

DO IV a11d Windows-] 

JWK 
$250°0 !\~121l$~9,h9s~Xsk!Y.·

111 for details Tel: (604) 433-7715 t<ax (604) 433-3393 

&A__H v TE SEPTEMBER 1994 CRESEI I ERS:._223..__ _______________________ _ Circle 282 on Inquiry Card (RESELLERS: 283). 



Windows 

n1• 

Type foreign languages in 
yourfavorite Windows 
applications a.s easily 
as you hjpe English! 

From $99.95. Use with DTP, 
word processi11g, database, 
presentation graphics, e-mail 
and fnx. Even complex 
languages a re easy to type 
because of n11tomatic co11text11al 
characters, ligah1res a11d diacritic 
positio11it1g. 

Here's our guarnntee: If you are 11ot 
comfortably using theforeig11 la11g11age of yo11r 
choice in yo11r Windows software withi11 30 days, 
ret11rn the product for af11 1/ refund. 

Gamma Prod11ctio11s, foe. 

12625 High Bl11ff DriPe #218, Sa11 Diego, CA 92130 

Sales: 800-97-GAMMA (800-974-2662) 

Tel: 619-794-6399 Fax: 619-794-7294 


1991 

j anu:ll)' 


February 


March 


April 

May 


June 


July 

August 

September 

October 

ovember 

December 
pecial 
lssues 

Arabic, Biblical, 
Chinese, European, 


Greek, Hebrew, Indian , 

JPA, Japanese, Korea11, 


Persian, Russian, Sanskrit , 

S.E. Asian, Tibetan, Urdu, 
& more - scalable fontsfor 
all the world' languages. 
Call the WinLanguage™ 

experts! 


Circle 227 on Inquiry Card. 

Windows 

T ECllM :A l GRArlllCS • D ATA A NALl'SIS • 
D A1 A ACQl'ISll lO'I . W INDO \\ S 

ORIG! ls you r compl~tc laboratory data 
managemem solution, providing unnvaled 
ncxibil11 y, publica1ion-quali 1y 1echmcal 
graphing. and sophisticated data analysis 
capa bilities in an easy-w-use Windows 
environment. 

Sec us m ALlanH1 nt Comdex, Booth :19326. 

For a Free Demo, Call 
1-800-969-7720 

M11...roC:d .:.O£tW:irc , lnc., One Ruundh use Pb:.;i. N<inlwmp1on, MA OIOtiO 
Tel · -ll3-386-20 J3 • F.n: H J-585-0 l Ui 

Circle 256 on Inquiry Card (RESEUERS: 257). 

. TCP/IP & SNMP 
Add Networking Protocols to your system designs with: 

FUSION Developer's Kit 
• FUSION TCP/IP protocol suite 

FUSION SNMP agent MIB 2 + Version 2(Available Soon) 
• Flexible architecture ·C source code 
• Used in thousands of process control, embedded systems, 

and end-user designs 
• Easy porting with consulting and training available 
• Complete porting services available from our engineering 
staff 

J'i
0 

+,, ),,/t,,,,, /,.
~ r~ "'VVW"'i\M­• 

Cail 
0 

(805) 4_84-2128 qr (800) 541 

Something Missing? 


Roya lty-Fr ee 

Option Ava ilable 


·9508 FAX (805) 484·3929 
Circle 255 on Inquiry Card. 

Ou tl ook '92 Wlndo.,..'92 ft1adon "JJ 

Portallilltv '92 I CuWc Summer ' l 

IG11i.c fall '9) 

Special lssua U.S. IX!li11!ry $l 00 Porclgn $4.001992 1993 1994 1990-91-92-9$-9 ll.S. Dclfl >ry$6.(l() l'orclgn $8.00 Cmrnd:t& Mexico $6.50 
All ls.suc.f prior to 1990 .S. Delivery $3.00 f'orclgn $4.(l() 

II <hec.ks must be ln U.S. fund.'I and d.ratwn on a 11.S. bank. 

Theabove p1iccs include postag • in the S. 

Please indicate which is.~ues you would Ukc by checking('1) the 
boxes. Send requests with payment to: 

BYl'E Back Issues, On • Phoenix Mill 1.anc, Peterborough, !\ .II. O.H58, 
(603) 924-9281 

[] Check cnclosC:'d Charge: O VISA D M<L5tcrCard 

Exp. Date______________ _____ 

Signature___________________ _ 

Name ------------ -------- ­

Address ____________ ___ ____ 

City_____, ;'*J 11 
Ttt• M.,...._ .. ,....._...,I• ........ 


tate._ _____ Zip _____ _ 

All orders must be prepaid. Please allow four weeks delivery. 
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THE BUYER'S MART 

~... ~ A DIRECTORY OF PRODUCTS AND SERVICES 

THE BUYER'S MART is a unique classified section or­ phone and fax number. 2"x2'!.'' ad has more space for RATES(Jan. 1994) 
ganized by product category to help readers locate sup­

pliers. Each ad has Inquiry numbers to aid readers re­

questing information from advertisers. 

AD FORMAT: Each ad will be designed and typeset by 

BYTE. Do NOT send logos or camera-ready artwork. 

Advertisers should furnish typewritten copy. 2"x1 '/,." 

ads can include headline (23 characters maximum), de­

scriptive text (300 cha racters is the max imum 

recommended) plus company name, address , tele­

4 
\ 220 VOLT PRODUCT 

PC POWER ABROAD 
Hewlett-Packard Authorized Dealer 


for 220V Printers, Computers & Plotters 

HP lntematlonal Warranty on all models. 


Savas · Take your products wlih you when leaving tl'te 

U.S .. or we wm Ship dlract . can us todayl 


TOLL FREE: H!00·505·4676, Toi: (202) 783-6910 


Horizon Trading Co. Inc.. 1510 H St. NW, 

Washington, DC 20005 USA. Fax (202) 783-6914 


Inquiry 651 . 

ACCESSORIES 

RADIOACTIVE? 
Plot It on PC (+Palmtops) with RM·60 RAD . MONITOR 
+ ALARM. Uses com port. ALPHA • BETA • GAMMA • 
X·RAY. MicroR:1000 Xresolution ol survey gelgers. Track 
RADON, find sources. Check food, water. ceramic coffee 
mugs (EYE OPENING). Plot background, plane ride. TV, 
bricks. PC MAG &BYTE rev. Visa/MC/EURO. 45 day Sback. 
800-729-5397 or Tel/Fax: (302) 655·3800 

Aware Electronics Corp. 
P,O.ll-0• 42119. Wilrnilgton, DE 10807 , •, :t$149.50>'r .'r 

KEYBOARD, VIDEO, MOUSE, AUDIO 

Ex1ond signals from PC with EXTENDER 


Spill signals whh COMPANION/PC EXPANDER 

Swllch slgnols among PCs wllh COMMANDER 


Boosts slgnols up lo 000 1001. Conlrol up 10 96 PC• 

wllh ono koyboard, mon1lo< and mouse 

CYBEX CORPORATION 
4912 Aoaoarch Or., H1.m1rivlll , AL 35005 

Phono: 205-430 -4000 F x : 20 5-430-4030 

Inquiry 652. 

VGA Splitters 
Connect 2, 4 , or more monitors to your computo1 
Brighi and crisp presonlotlon slrnu l1 anoously on 
all monitors· Gunrantoed 
Works with all VGA, SVGA, and RGB monitors 
Small durablo molal case MADE IN USA 
Extonslon cables avollabla 

H&R TECHNOLOGY 
Sanm Ana CA (714) 641-6607 800·959·6439 

Inquiry 653. 

BAR CODE 

Labeling Software 
On EPSON , IBM, OKI , or LaserJel. Easy 
WYSIWYG design. Any formal/size. Up to 120 
fields per label. 18 text sizes lo 3" -readable at 
100', AIAG, KMart, Sears. MIL-STD, Penneys, 2of5, 
128, UPC/EAN, Code 39. Ria Input & Scanned 
PCX graphics - S279. Other programs from 5129. 

Worthington Data Solutions 
(408) 458-9938 800-345-4220 

* AA Batlory Operated. 64K or 256K
* Display messages and op11onal vok:o messagos 


toll oporalor wh!\110 do. Massages oro oaslly 

recorded (llko answering machine) In any 

languago. This unit Is EASYI 


"' Double duly as Non·por1able Reader 

* 4x20 Supertwlsl LCD Display, 35 Rubber Keys

* 2 Bulll·ln Inventory Programs 

* Download tablos and Pick Lists 

* Wand, CCD. or Laser Scanner lnpul 

* Serial Interlace and Keyboard Interlace 

* Reads 2of5. UPC/EAN, 128, Godo 39, elo. 

* 2 year Warranty on Raader & Wand 

* 30 Day Money Back Guarantee 

* 64K Complete whh Sieel Wand - $799 

* Naw Smaller Size - weighs only 12.5 oz. 

Worthington Data Solutions 
3004 Mission $1root • Santa Cruz, CA 95000 


408·45B-9938 FAX 408·458·9964 800·345·4220 


Cordless RF Bar Code Wand 
A cordless RF bar Code wand wllh a range of 100 
feet. Plug-N-Play No soflware needed. Attachas 
as 2nd keyboard. For IBM and Macmlosh or any 
serial devica. Real·time remote dala collection for 
$695.0ptional pockal beeper for long range ·S395. 
ll's an exclusive from the PC bar coding leader. 

Worthington Data Solutions 
(406) 458-9938 (800) 345-4220 

descriptive text (850 characters is the maximum recom­ 3·5 6·11 12 13 
Issues Inuts ls.sues Issuesmended) . 

2"x1'#" DEADLINE: Ad copy is due approximately 2 months 
1 ad $696 $668 5585 $557prior to issue date. For example : November issue 2 ads/issue 557 529

closes on September 8. Send your copy and payment 3 ads/Issue 529 501 
to: THE BUYERS MART, BYTE Magazine, 1 Phoenix 2" x2'.4" 
Mill Lane, Peterborough, NH 03458. For more Infor­ 1 ad $1 ,392 S1.336 $1 ,170 $1,114 

1 > Complete Unit wllh LASER Scanner - 51095 
> Complete Unit wrlh WAND Scanner - $395 

AMERICAN MICROSYSTEMS 
2190 Regal Parkway, Euless. TX 76040 

(800) 648·4452 (817) 671 ·9015 FAX (817) 685-6232 

mation call : Margot Swanson at 603-924-2656. 
FAX: 603-924-2683. 

BAR CODE 

Bar Code Readers 
For PC, XT, AT, PS/2, Macintosh 

and Serial Terminals 
* Attaches as 2nd Keyboard or 10 any ADB port
* Reads 2of5, 128. UPCIEAN. Code 39, e1c. 
* External or Internal allachment on PC 
* Wand. CCD. Slol Badge, Magslripe or Laser 

* Two Scanners per Reader 

* 100+ Configurable Options 
* 2 Year Warranty, 30 Day S Back Guarantee 

* Dtrect From Manufacturer 
* Top Rated by Independent Review 

* Complete with CCD Scanner - $624 
* Complete with Laser Scanner - $1250 

* Complele Wand only Reader- $329 

Worthington Data Solutions 
3004 Mission Street 

Santa Cruz, CA 95060 
408-458-9938 

800-345-4220 

• 

Portable Reader 

2ads/issue - 1,114 1,058 
3ads/issue - 1.058 1.002 

BAR CODE 

Portable Bar Code Reader 
> Use as a PORTABLE, WEDGE, or SERIAL 
> 9V Battery Operation with Lithium Backup 
> 2x16 Supertwlst LCD Display 
> 54 Key Keyboard with Separale Numeric Keys 
> Real-lime Clock Supports Dale & Time Stamps 
> Reads all Popular Bar Codes (16 types) 
> Wand, CCD. Laser. or Serial Input Devices 
> Buill-ln Program Generator 
> Create Your Own Custom Programs 
> 6 Built· ln lnvenlory Programs 
> Up lo 250 Programs Can Reside in Memory 
> Create up to 250 Dala Flies per Program 
> Up lo 250 Look-Up Files In Memory 
> Buih·ln Calculator 
> Supports HAYES Compatible Modems 
> 64K Memory wifh Da1a Compression 
> 30-day $$Back Guarantee - 1 Year Warranty 
> Complete Unit wilh WAND Scanner- S795 

AMERICAN MICROSYSTEMS 
2190 Regal Parkway, Euless. TX 76040 

(8001648·4452 (817) 571·9015 FAX (817) 685·6232 

-f -

BAR CODE READERS 

For PC, XT, AT, PS/2, & Serial Terminals 
> Emulates Keyboard: Works Wllh Any Soflwara 
> Dale Appears as Koybo trd lnpul 
> Usos Enh need Decoding Algorllhms 
> Accep1s Wand, Slol/Budge. CCD. Laser, 

Magnetic Stripe Roaclor. & RS232 Serial lnpul 
> Reads All Popular Bar Codos (16 1ypes) 
> Reads HIGH, MEDIUM, & LOW denslly cod s 
> Au10-Dlsorrmlna1os Between Bar Code Types 
> Easily Programmed with a Bar Code Monu 
> Over 140 Usor Configurable Options 
> Daisy Chain Up 10 96 Readers 
> SupportS NOVELL Networks 
> Supports US & INTERNATIONAL Keyboards 
> Direct From Manufac1urer 
> 30·day SS Back Guamnlee, 1 Year Warranty 

SCANNIR SA11 
USA Mado 

• WELCH ALLYN Slool Wnnd w/decodor $249 
• SYMBOL Usor LS2000, L 11700 orSP400 w/decoder $699+ 
• Software Wedge !OO&MN) w!iPWMd 0t PSC l.awS\25+ 
• Mag Stripe EncodorlReader t2« 3 trks) $1099+ 
• Print Softwaro lOOS'NW.l $149+ • Software:lrwn.Aa&ets. T006S 
• PCS Products • 30 Day SS Back • SPANISH Dept. Avail. 

BARCODE INTERNATIONAL SYSTEMS (BIS} 
12140 Severn Way. Rlversido, CA 92503 t909) 270-0016 lnl'I 
1800)653·4252US• 1800)219·5178 CMI ·FAX 1909)270·0920 

Inquiry 654. 
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BAR CODE BAR CODE CAD/CAM 

' 


Bar Code Printing Software 
LabelWorks for Windows 

>- Pnnts all Popular Bar Code Types (19 Types) 

>- Desktop Publishing Features: WYSIWYG , 
Scalable Fonts. Rulers, Guides, Lines, Shapes, 
Page Zooms (25%-400%), Templates 

>- Rotates Text, Bar Codes, and Graphics 

>- Supports Windows Compatible Fonts 

>- Choose From Over One Hundred Popular 
Label Formats or Design Your Own 

>- Rich Text Support: Mix Styles. Types, & Sizes 

>- Automatically Prints Serial Numbers 

>- Imports & Exports Graphic Files: 
TIFF, GIFF, BMP, PCX, WPG. WMF. TARGA 

>- Supports Virtually all Windows Compatible 
Printers (PostScript, Laser, & Dot Matrix) 

>- 30-day Money-Back Guarantee. 5295 

'•' CALL FOR FREE DEMO SOFTWARE• •' 

AMERICAN MICROSYSTEMS 
2190 Regal Parkway. Euless, TX 76040 

(800)648-4452 (817) 571 -9015 FAX (817) 685-6232 

BAR CODE EXPERT 
• Keyboard wodge readers tor PC/XT/AT, PS/2, Mac and Term1naJS. 
• Readers w/RS-233,RS-485 and multidrop protocol. 
• Reader w/DTMr output, data transmissionO'le1 pllone line. 
· Accepts Wand, SloL CCO. Lase1. Magstripe and MICR 

check reader. 
• Reseller's drSCOunt available. Please call lor lree catalog. 

!BS-Intelligent Barcode systems, Inc. 
16031 Kaplan Ave., City of Industry, CA 91744 

(800) 766-2271(818)968·6265 Fox: (818) 968•6527 

Inquiry 655. 

NEEDA ONE STOP SOURCE 

FOR YOUR BAR CODE SOLUTIONS? 


NO PROBLEMI WE OFFER Quality • Perlotmance • Value 

A tun r.nt ol READERS • PRINTERS • PORTABLES. BAA 

CODE READERS FDA NOTEBOOKS• HEWLETT-PACK­

ARD SCANNERS • MAGNETIC STRIPE READERS. Our 


r::~r:."b~~r tiiom'~~~J~03'u:~~~~~: 
TECHNICAL SUPPORT• OEMlllAA DISCOUNTS. 

INTERNATIONAL TECHNOLOGIES& SYSTEMS 
Eastern USA 1800) 826·1688 804-272·0138 lnll . 
Wosrem USA (BOO) 228·9487 B04·27Z.0357 Ftr 

Inquiry 656. 

-. 
BARCODING 

WITH WINDOWS 
1111111 Window Bar™ 

Soltware !hat's easy to team & inslall 
• Ideal lor compliance labeling 
• Rated as the"TOP RECOMMENDATION" by 

Independent expert vs. 11 others 
• Full-featured. network ready, DOE compatible 
• 	Supports all popular symbologles, most bar code 

printers and data bases. 
• Interactive and automatic printing toots via Windows! 
• Full design capabilities: full Windows ser-up 
• Variable graphics (WYSIWYG) 
• No risk, 30-day money-back guarantee! 
• Free 800 tech support 
• Dls1rlbutor &VAR Inquiries welcomed $495 

CALL NOW FOR A FREE DEMO DISK 
Mayer Automation Group 

3405 4th Avenue South • Birmingham , AL • 35222 
1-800-289-6293 • Fax (205) 323-0886 

Inquiry 657. 

La. 

DOS & WINDOWS BAR CODING 
Bar code readers designed lor fast. reliable. cost· 
effective data-entry. They work just like a second 
keyboard. Numerous scanners (wand, credit card, 
CCO, laser, etc). Bar Tender for Windows designs 
labels on screen & outputs on almost any prinrer. 
DOS printing . too. Generous reseller discounts. 
Great warranty. 30·day money-back guarantee. 
Seagull Scientific Systems, Inc. 

15127 NE. 24th, Su•lo 333, Redmond, WA 98052 
800-758-2001 206451 -8966 FAX 206-451 -8982 

DATA INPUT DEVICES 
Bar Code, Magnetic Stripe Readers for microcompu1ers 
& terminals, including IBM PS/2 & 01hers, DEC, 
Macintosh, AT&T, CT, WySJJ, Wang. All readers coonec1 
on the keyboard cable & are transparent to all software. 
UPC & 39 print programs, magnetic encoders, & 
ponable readers are also avaltable. 

TPS Electronics 
4047 Transport, Palo Alto, CA 94303 


415-856-6833 AppleUnk: BARCODE 

1· 800-526·5920 FAX: 415-856-3843 


Inquiry 658. 

VARIANT MICROSYSTEMS 
BAR CODE READERS DELIVER 

WAND/LASER/MAGNETIC CARD CONNECTIVITY 
Keyboard Wedges (lntemaVExternaJ) ror IBM PCOCf/AT, 
PS/2. and portables 

• RS232wodgos tor WYSE. I.ill<. Kimtroo 1ermlnals 
• Bar code and label ptinting sohware 
• Full two-year warranty 
• 31).Day Money-Back Guoran1ce 
• Extensive VAR/Dealer Discounts 
46560 Fromont 81.<1, s.... 10S1Fr0tnont. CA 94538 /(5tOl 440.2870 
800·666-4BAR FAX: (510) 440·2673 

Inquiry 659. 

C++ & DATABASE 
C++ Llbrorloa to ACCHI nnd fnx 1olfrom your dn1abl10: 
SyPlUS & OmPlUSCu libraries for Syb o& Orncla 5189 00 
SyPLUS&OmPLUSw/sourca code 5589 00 
Sy FAX &011FAX C" llbrn11es ror Synase &Oracle $129 00 
SyFAX & OraFAX w/sou rtG code Sfi2900 
01hor C++ Product• : 

ln•tteplh C•• video course OOSIUlllX "'"mples,auppon $249 00 
IhaCot TOOLBOX.MSN/ln, DOSLiblUllOS S89 00 
ll1e C" TOOLBOX wl1<1urco code $28900 

Universal Information Systems fUnilnfoJ 
(800) 793-74~1 

72 Van Rlopon Avonuo. Jo111oy City, NJ 07306-2006 

Inquiry 660. 

Circuit Design Software for Windows 
Easy-to-use schemalic entry, PCB design, and 
slmula11on so ttware , srarrlng at S t 49 each . 
Complete PCB package with schemalios, 
autorourer. and layout tor 2-layer circuit boards. 
$399. Enhanced version wllh autopl11cemen1, 
more symbol libraries, and up 10 t6 layers, $649. 
CAM me outputs. 

Mental Automation , Inc. 
5415 136th Place SE . Bellevue, WA 98006 
(206) 641-2141 Fax (206) 649-0767 

Inquiry 661 . 

CircuitMaker® 2.0 
High-Performance 


Schematic Capture, Digita l and Analog 

Circuit Simulation 

Entlre package only S269 


FREE DEMO available on most commercial BBSs 

For inlormation or orders call 800-419-4242 


MlcroCode Engineeting, 1943 North 205 West. Orem UT 84057 

Phone 801-226-4470: Fax 801-226-6532 


Inquiry 662. 

CONTOURING MOTION CONTROL 
F~~~x! ~m.~~!~~RTI $249 

NEW VERSION 3 VISNMC 
• Controls up to six Slep motors slmultaneously 

.. Unoar and Circular lnterpolalfon. 

• New features 10 accommodate machine control. 
• Easy·lo-tiso DOS device driver Super Manual 
.. CAD·CAM interface available. 

Corporat100. i•22 AmQd Ave.
Abi lity Systems Roslyn. PA 10001121sl 6.IH1:ie 

FAX: t215) 657-78r5 

Inquiry 663. 

CADKEY 7 methanical CAO software $4]SI
forooly~ • 

lh• 11..·est Vets/Oii ol CADKEY• thousanas previo.sl1 sot4 a1 SJ •95 
COMple:e 3·0 niooel'"9ano 2·0 dra~l ng 1001s !'Ile spll,,.s an11 'onits. 
Sllrf.x:es. shao1no.rn2ss propetiies.and stcreO/hltioara~hy si:ppo1 
Complete symbols llbrarles. 11ssociallve dimensioning and cross· 
na1ct1lno. dual ctlrr.ensioning, oeomelfic 01mens1Mmg/1ole1anc1110 Read/ 
'NlllBAuloCAD. D'NG tiles, .DXf. ano iGtS 5.0 Gr.mhical <1ser interface. 
Progiammtn 1cors(nocros,CADL and LISP)

Ca 1617-631 -9662 or FAX 617-631 -5324 
Computer-Aided Products, Inc. 

POB 269, Merblohoaa, MA 01945 

Inquiry 664. 


CASE TOOLS 


GenlE from CASEwise 
finally, a tool powartul enough for th< largest corporate p101ec1 yet 
oasy onouoh to use tor your lirst protect. Supported techniques
rnclude: Functron Oecomposi1ion, Oata Flow. Matrix and ER 
Modeling Cont1gurable notallons are consistent with most 

~~~~~~o~~:s~n~~~~~~:. r~~~~~~n~h~ne~i~~~~ra~~dn l~~n% 
teatures DOE rcpons, WYSIWYG output, version control and 
Windows Cue-C.rd learning- learn as you go• 
CASEwise 
Attn : Crayson Jenkins cJo CSC Consulflng, 1 Unlverslly Olflce Pk. 
Wellham, MA 02154 Call: 1 (8001893·8398 Fax: (617) 894·0418 
UK/tnll: +44 (0) 71 722 4000 Fu: (0) 71 722 4004 

Inquiry 665. 

CD-ROM 

*TOSHIBA :;: PLEXTOR :!: NEC :f: 

:f: SOUND BLASTER :!: 


:f: MEDIA VISION *ADAPTEC * 

•CD-ROM TITLES, MAC & DOS 

• CD·ROM CAOOIES & ACCESSORIES 

Compute rs at Large
Snm1ogn. CA 


Dedica1od to CD·ROM 100/rnotogy 

P t.P..A&E CALL FoR O uR P R1ce L1sr 

800·6'12·4104 . •00·25!1·1081 
Fox 408·255·2388 VISA & MasturCn~t occoprod 

Inquiry 666. 

CD ROM T O W E RS & JUK E BOX 
S E RV E RS F OR ALL OP E RATING 
S Y STEMS! No Device Drivers/MSCDEX 
needed. Complete Kit Networks CD Roms, 
unlimited user license, 7 Slot tower/4 
drives. 1 Yr. Warranty 

"NONE BETTER AT ANY PRICE/" 
CALL "JES " AT:1-(800) 482-1866 

Inquiry 667. 

Put All Your Documents on 

CD-ROM for less! 


We can assisl you in your CD-ROM Oevelopmenl by 
converting paper documenlS, m.cromm or fiche, catalogs Rnd 
Images on to CO-ROM We also develop search e~nos for 
re1nova1 purposos. 

Compo111lve prices and excellent customer service 

Call for infomlation. 


Media Conversion Corp. 
800 Roosevoll Road. Building D/Surte 106 

Glon Ellyn, IL 60137 
(BOO) 861>-1033 or Fax (708) 469· 1277 

Inquiry 668. 
S PTE M BER 1994 B VTE 267 
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CD-ROM 

CD-ROM Nctworklng for Pt.>er-to-l'ecr Networks 
Introducing OPTl-NET" Lite 

OPTI·NET Lite employs data caching and prcfclchin~ 
technologies 10 improve the response rim(• fo r diems 
sh:1ring CD-ROM rcsourct-s on pccr·to-pecr networks. 
Call Cor your free c;uaJog fc-.Jturing our line of CD-ROM 

f~~1l~~"6.411~~~~~~!11; ~ri.~~~~ g~:~ ~!~1~t~d~~~~ 
Cf>-H0.\ ·1 h:trdw3re, and ne1work(.~d 0-R~M 1 i tlc~! 
ONLINE COMPlITER YSTEMS, INC. 

Fl:ishFAX ln(orm:ttion liot llnc 301~01 ·2 120 
301-428-3700 or 1:Ax u..., :u 301- t2&-2903. 

Inquiry 669. 

New and Updated CDROM Titles 

Clea MS Windows CDROM, Thsnds ol Windows prgrms.. $29.95 

Glga Games COROM, Games for OOSIWlndows........... ..... $39.95 

Space and Astronomy. Thsnds NASA 1mages/dala ... ......... S39.95 

C User Group Ubraiy, C source code Dec 93. .............. ... $49.95 

Simtel MSOOS COROM. DOS Shareware/Frceware ..........$29.95 

ORZ Ham Radio COROM, FCC Callsign Db & Shrwar. .....$29.95 

Hobbes OS/2 CD ROM, OS/2 Sharaware/Freeware ...........$29.95 

Source Code COROM, 650 Mb source, OOS/Unlx ..... ....... $39.95 

Gutenberg Project, Literature and docs ·--···········.............$39.95 

Linux Operating Sys, 386/486 OS. XI I. full src................. $49.95 

FreeSSO Operatlno Sys, Ver 1.0, kml src, XIGNU ..............S39.95 

libris Britannia, MSOOS Tecll/Sci/Englneer ...................- .$69.95 

XT1R51GnuCOROM. Full src. SPARC binaries .. ................$39.95 

Nebula tor NeXTSTEP,Prgms for Inlet NeXTSTEP .............$59.95 

Ada Programming CDROM, Compilers. sourc.. docs .........$39.95 

Amlnet CDROM. Amiga Shareware/Freeware ....................$29.95 

COROM Caddies, Lifelime Guarantee ................................$4.95 


Top quallly CDROMs . 100%satisfied or lull refund. 


WALNUT CREEK CDROM 
4041 Pike Lane, Sre 0-212, Concord, CA 94520 

1-800-786·9907 Visa/MC AMEx, Fax: 1-510·674·0821 

Inquiry 670. 


COMPUTER BOOKS 


COMPUTER BOOK STORE 
Now. on tho 1n1omot 15% discount off most books rrom 
140 publfshors. UNIX, CO·AOMt, Wlndowo, rnromot . 
Mttcln1osh. mocuonlo ct1 tnlnga avaUnblo by ononymou• 

6~~1~':So:~c(QmJ'~~)~ ·~:':'no~~t7~~::nfc°~i'::~;:; 
Wnrldwldo Shipping, All mojor cardo 

CompuBooks 
ARI Box27 JO 512-321 -0052 
Cedar Crook TX 78612 USA Fax 512-321-4525 

Orders only 800-880-6818 

COMPUTER INSURANCE 

INSURES YOUR COMPUTER 
SAFEWARE Computerowner's coverage provides 
replacement or hardware, media and purchased 
software. As tittle as $49 a year covers accidents. 
theft, power surges and more. One call does It alt. 

1-800-800-1 492 
SAFEWARE, The Insurance Agency Inc. 


PO Box 02211 , 2929 N. High SL, Columbus, OH 43202 

Now avallablo In Ontarlolll 


Inquiry 671. 


CROSS ASSEMBLERS 


Cross Assemblers --tQ""'~~ 
Simulators ~ Q>"' 

Disassemblers El~Q>~0 
E>Q" 

PseudoCorp ~/ 
921 Country Club Road. Suite 200 

Eugene, OR 97401 
(503) 683-9173 Fax (503) 683-9186 

BBS (503) 683-9076 

Inquiry 672. 
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DATA RECOVERY 

Data Recovery Labs 
Canada 's leading experts on file retrieval 

Complete facility for Hard Drives & Removable Media. 

Nationwide service. Highest success rate. 

Free evaluellons. "No files - No charge" 


DOS - MAC - NOVELL - UNIX 
' Professional so/ul/ons by programming engineers· 

1-(416)-510-6990 1-(800)-563-1167 

Inquiry 673. 

Ontrack 
DATA RECOVERY 

• Professional service recommended by major hard 
drive manufacturers • Expertise in virtually every 

operating system & media storage device • 24-hour 
support with weekend. priority, & on-site service 

available • For fasl, successful results, calf : 
MN:1-800·872·2599 • CA: 1·800·752-7557 

UK: 44·81 -974-5522 •GERMANY: 0130-815-1 98 
Co1J1. Headquarters 6321 !Wry Drive, Eden Pmirie, MN 55346 

Inquiry 674. ... 


DATA Any Ta.po, Optical, Crut· 

11dgc of Any fotma1 

whelher partially over· 

wrUlen or damaged.
RECOVERY ~ora;,~~ c;:;:~~~~ 
Rocovor ~ con recovor WHEN l.T. ~y e~1~1:c!n~~~=r1~~ 
from 112· 1 114-, OC2000, MATIERS 4mm. 8mm Exabyte. 
CX:C Tf<n, 3480 Worm, 

ilaiaR"""'1.Crmet!IO!l. Ot,¢icallon!YfSierns Magneto Opdcal etc 
PIJone· '44 (0) 1734-tl<J0042 VOGON 
fQX '44101t73~~0 VOOON!ft~ ltd 

Inquiry 675. 


DAT A/DISK CONVERSION 


THE #1 CHOICE 

In disk & tape conversion 


/~~ ri,i:::r.~~~a°m~r:~n,~on:.;~~~~:~'t'~~N~~;Jg:: 
Fr e loat • Snttafnctton gunmnteod 

Graphics Unlimited Inc. 
3000 S8Cood St North, MlnnanpaU•. MN 554 11 
(612) 568-7571 FAX: (612) 568-6763 

1·800·745-7571 

Inquiry 676. 

CONVERSION SERVICES 
Convert any 9-track magnetic tape to or from 
over 5000 formats Including 3~·. SW'. 8" disk 
formats & word processors. Disk-to-disk con· 
versions also available. Introducing CD-ROM 
conversions. Call lor more Info. 

Pivar Computing Services, Inc. 
165 Arlington Hgts Rd , Oopl. #B. Buffalo Grove. IL 60089 
(800) Convert (7081 459-6010 

DISK DUPLICATION 

FULL SERVICE DISKETIE & CD REPLICATION 
• Complete Packaging, Assembly & Printing 
• Custom Labels & Sllkscreening 
• Avattebte In alt disk formats 
• 100% virus checked & copy-verified 

MANUFACTURING DISKETTES IN THE U.S. SINCE 1978 

SYNCOM TECHNOLOGIES INC. 
1000 SYNCOM DRIVE, MITCHELL, SD 57301 

1-800-843-9862 

Inquiry 677. 

~I 1 

!. 
• 

EDUCATION 

B.S. & M.S. In COMPUTER SCIENCE 
The American Institute !or Computer Sciences olfers an In­
depth home study program to oam ycur Bachelor of Science 
and Master of Science degrees In Computer Science at 
homo. B.S. subJocL• covored OJO: MS/DOS, BASIC, PASCAL 
C. File Processing. Data Slmctures & Operating systems. 
M.S. prog'8m Includes subjects In Sottwara Englnoo1fng and 
l\ni1Iclal Intelligence. 

AMERICAN INST. for COMPUTER SCIENCES 
2101·BY Magnolia Ave. South, Ste.200,Bimwl!lham,AL35205 

800-767·2427 205 -323-6191 

• 

' ; 11 

Memorize• It 
Create your own multimedia flashcards on any 
subject using Pictures, Text and Sound. Interactive 
quiz helps focus on the hardest cards. Print cards 
front and back on perforated paper. Creating decks 
is simple and fast. Windows or Mac. FREE catalog. 
Only $39, Reg $49 VISNMC 

SideooEight Software 
P.O. Box 5004, Garden Grove, CA 92645 

714-952-4114 714-995-6725 Fax 

Inquiry 678. 


FLOPPY DISKETIE 


3.5" FLOPPY DISK 
RELIABLE & DURABLE 

• 	We are a manufacturer under the licence 
of Sony corporation . 

• Our disks are all 	100% Tested & Certified 
Error Free with guaranteed Clipping Level . 

• Available products: 2HD, 2DD, Clam Shell. 
• Our own brand MEGA and OEM 	or bulk 

are also available. 
• Duplicator & wholesaler are welcome. 

INMARK IND. LTD. 
(HK) 


t A Mpn Foong lndusrrial Bll'fQ. 

7 Cheung Lee Sveet 


Chai Wan, Hong Kong 

Toi : (852) 558-2203 Fax: (852) 897-3700 


YHC CASSEnE IND. LTD. 
(TORONTO) 


75 Salntebury Squnro, Scnrt>orougn 

Ont. Canada M 1 V 3K 1 


Tel : (416) 321-1179 Fax : (416) 321 -8451 

Inquiry 679. 


FLOW CHARTS 


COBOL STRUCTURE CHARTS 
Power Structure tor Windows generates Incredible 
structure charts DIRECTLY lrom your structured 
COBOL source . Forget manua l flowcharting . 
Power Structure enables you to chart complex, 
multi-thousand line COBOL programs In seconds. 
Display or print, you've never seen anything like 
thlsl $129. 

CyberMetrlcs 
5541 S. M~rine Dr.. Tempe, AZ. 85283 

(602) 838-3310 
•Inquiry 680. • i. 

FLOW CHARTING 3
I' • High resolution pnnt outs.. 

dot matrix or laser ~ 
• Muttl·pngo charts .. 
portrait or lftndscape ~ 

• Import/export capablnlies 
• 35 st\..1,p(ls, 10 forts, 4 title srylos 

Coll /Of free demo disk! 

PATTON & PATTON aoo-s2s-oos2 ext. 1311 
Soflware Corpora t l o n 48Sl',och~Cr.. Morpanlld~ CA~7 

~our ad on PIJI/• 207 

Inquiry 681 . 
.... 
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, BTC COMPUTERS (UK) LTD 
TEL: (+44) 582 487878 
FAX: (+44) 582 26226 

Inquiry 685. 

FLOW CHARTS 

WINDOWS FLOWCHARTER $129 
RFFlow 3.0 ls a professional drawing tool for 
flowcharts & org. charts. Requires Microsoft Win­
dows; 200 shapes auto adjust 1n size; diagonal lines 
and curves; auto line routing and re-routing: OLE 
serve~ clicK on a shape lo bring up a sub-chart; 
impoiilexport bilmaps and metafiles; Call for free 
trial disk. 

RFF ELECTRONICS 

1053 Banyan Cour1, Loveland, CO 80538 


Phone: (303) 663-5767 FAX: (303) 669-4889 


FOREIGN LANGUAGES 

OVER 150 LANGUAGES 

Translation, Uulguage Learning 


Tutorials, Fonts, Dictionaries and 

Language Systems for DOS, Mac and Windows. 


Japanese, Chinese Spanlsh speaking staff. 

Call us first for best prices and expert ~-upport. 


Character Language Resources 

2130 awr.elle Blvd. 304A, Los Angeles, C.A 90025 

800-569-2099 FAX 310.996-2303 

Inquiry 682. 

READ JAPANESE! 
Become fully literate in Japanese wilh KANJI 2045 
for Windows, a software-based study kit for learning to 
read Japanese. Improve your career or do i1 for fun. 
Send a check or money order for S199 In U.S. Collars. 
Free shipping worldwide. Write, call, or lax for more 
infofmation. 

Educational Software International 
272 Kalalau Stroot, Honolulu. Hawaii 96825-2012 USA 

Phone 8011-396·1161 FAX: 808-396-9231 

-·­HARDWARE 

Pre-Owned Electronics, Inc™ 
THE Independent Provider. serving 1ho Dealer, 


Professional, Corporale, Government, and 

Educalional Buyer since 1985 


APPLE 11• & MACINTOSH• 
SYSTEMS• PARTS• EXCHANGE REPAIRS 

Call for a Catolog ...800-274-5343 
INT'L : 617-275-4600 •FAX: 617-275-4848 

205 BURLINGTON ROAD • BEDFORD, MA 01730 

Inquiry 683. 

HEWLETT-PACKARD 
Buy - Soll - Trado 

LaserJet ColorPro 
DeskJet DraltPro 
RuggedWrlter Dral!Mas1or 
Electrostatic Ploners DeslgnJct 

HP 9000 Workslalions and Vectras also available. 
Ted Dasher & Associates 


4 I t7 5ocond Ave.. s. Burningham, AL 35222 

Phone: (205) 591-4747 Fax: (205) 591 -1108 


(800) 638-4833 


Inquiry 684. 

LAN CARDS/UPS 

UK MANUFACTURER OF LAN CARDS & 

UPS SEEKS DISTRIBUTORS • WORLDWIDE. 


HIGH QUALITY, EXCELLENT PRICING 


L 

• 

I 

, 

-


\1­
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LANS 

Little Big LAN 

The most flexible network


I • Peer lo Peer LAN to 250 nodes 
• $75 lotat software cost. not per nodel 
• Link via serial, parallel, or Modems 
• Also via Elhernet or Arcnet , or mixl 
• 	 Typically only 40k of RAM 


Information Modes 

817-387·3339 / P.O. Drawer F, Denton TX 76202 

Fax 817-382-7407 Orders 800-628-7992 

Inquiry 686 . 

LASERJET FORMS OVERLAY 

Forms Overlay for Windows... 
Forms Electric is the 1orms overlay solution for 
LaserJet & compatible printers. Use your preferred 
Windows applicalions to create HP PCL macros 
for use with Windows, DOS and non-PC appli ­
cations. Only UK £59.95 + p&p ($99 approx). 

...DOS, Unix, HP and AS/400 

Visual Software 
15 Cleardene, Dorklng, Surrey RH4 2BY, UK 
Tel & Fax: +44 306 742425. CIS 100023.1167 

Inquiry 687. 


NOTEBOOK PERIPHERALS 


Second Serial Ports 
PCMCIA • RS422 and RS485 

attached DB9Mconnector $249 
Texas Instruments, Toshiba, Everex/Sanyo 

RS232 • RS422/485 
High·speed oottorod UART •St99 10$249 

Cusrom design capability. Also au10 & alrcrafl power 
adaplors for portable computers. and printers 

Oes<gllOO and mado in USAll 
Empire Engineering 


car~omla USA 

tol 8051543·2816 fox 8051543-2820 


Inquiry 688. 


PROGRAMMERS TOOLS 


DON 'T DEVELOP NETWORK APPLICATIONS 

withou t NPPC, a powerful libra ry eubroutino 

package wllh the slmplosl API available anywh rel 

Window and DOS, IPX or NetBIOS. Uso wi lh any 

language supporl lng C subroutine calls; C. C++, 

Visual Basic , Fox Pro , etc . 30 day S back 

guarantee. Download o lreo d mo from our BBS. 

NPPC ror Windows or DOS- $195 w/ ource $395. 


SOFTWAREHOUSE CORPORATION 

326 SUllo Sir 01 . Loe Allos, CA 94022 


(4 t5) 949 0203 FAX (416) 949 0208 BBS (4 t5) 940 0207 


Inquiry 689. 


SCIENTIFIC SOFTWARE 


Scientific & Technical Software 
Call for our latest FREE catalog 

1.800.622.3345 
SCrTech is your source for the oost valuo In adentlflc and 


tochnical soltware. More than 1250 products 


1.3t2.472.0444 2231 N. Clyt>oum Avo 

FAX 1.312.4n .0472 Chicago, IL 60614 


Inquiry 690. 

SECURITY 

FIGHT PIRACY!
* The New EVERLOCK * 


SOFlWARE COPY PROTECTION 

Now Op1ion Boar'd Saro--Now Remote Registration 


New CPU LOCK-CD ROM LOCK and more
* EVERKEY HARDWARE LOCKS * 

Az·Tech Software, Inc. 

Cal/ for a 201E•sl Franklln, Rictunond, MO 64085 
FREE (a 1e) nB-2100 
Demo (800) 227-0644 FAX {8 16) ns-8398 

Inquiry 691 . 

SECURITY 

THE ULTIMATE SOFTWARE SECURITY 
• STOPCOPY family - UNCOPIABLE copy protection 
• STOPVIEW sohware encryption 
• NETUMIT network license motenng 
• DOS, Windows, Macintosh, OS/2, support 
• 	 No source code changes required • for ANY ol our prod­

ucts in ANY environmonl 
• Our products destroy ALL of our competltloo 
• Call tor FREE demo disk, or to discuss ou1 products' 

MANY options 

BBi Computer Systems, Inc. 
14 105 Honlage Lane, Sliver Spring, MO 20906 

800/TRY·ABBI • 8011(B7g.z224 • 381/871-1 094 • FAX:301/460·7545 

Inquiry 692. 

CRYPUY SOfTWARE llCENSING SYSTEM 
"Hardware key-l ike prolecllon wllhout lhe hanlware key" 

CrypKey is a software protecllon 1001. offering 
• complete security lrom any disk copy program 
• complele compalibillty wilh any MS DOS 


or MS WINDOWS 3.1 based machine 

• complete invls1bility - no disk key, no hardware key, 
less suppon calls 

• instant disaster recovery 

CrypKey is a sales 1001, allowing you to stll your program 
• by increments - enable lho opllons lhe customer 


purchastd 

• by number ot runs - e.g .. sell 100 calculations lor $499.00 
• by lime period - e.g., lease or demo Yt>Ur program 


for 60 days 


CrypKey uses anumeric key lhat can be transmrrted by phone 
or fax. Sell Yt>ur customers more oplions, more copies, more 
lime or more runs instanlly, susl by making a telephone call. 
(Grea1for omseascustomers or distributors.) 

"NOW AVAILABLE FOR NETWORKS" 
CRYPKEYIS PRODUCED BY KENONIC CONTROL ­

ENGINEERING AND SOFTWARE SINCE1972 


Kenonlc Controls Umifed • 7175-12/h Stree/ SDfltll f3sr • Cllpry, 
Albtrtl, Canad1 T'2HZS6 • /403} 258-6200 •fir. (403}ZS8-6Z01 

Inquiry 693. -
KEV-LOK'. SECURITY 


Piracy survival ·t I years proves effecllveness 

of powerful mullllayored secur<ty. Al~orithmlc 

response. Programmable memo~ conom­
ical. Transparenl to PARALLEUS RIAL~rt, 

Counters/Real-T ime-Clock. Mulll· pro ucV 

fea ture l icensi ng . DOS/ NT/ U N IX/OS2 . 

Access conlrol systems end disk drive locks. 


MICROCOMPUTER APPLICATIONS 
3167 E. Otero Circlo, Ll!U Ion, CO 80 •22 

(303) 770-1917 FAX: (303) 77G-1863 

Inquiry 694. 

YOUR SALES MESSAGE 
abotJt 100 spociaJ compuior PfOduCI or sorvk:o 

thm you provide belong$ in prim 

THE BUYER'S MART 
can help you 1each computer ptofesslonnJs Md 


produco vnlu blo lnqwnos lor your compenyl 


Call Margot Swanson lor more lntormolion 


603-924-2656 

or 

Fax: 603-924-2683 

Inquiry 695. 


SOFTWARE PACKAGING 


FREE SOFTWARE 

PACKAGING CATALOG 


Everything yOu Wt.II neod lo Package, Distribute, and Ship Your 
SottwareU From manu31a and blndors to mailoos and &hippora 

LABELS • LABELS • LABELS 
For your cttskenes, plain or custom printed 
dot matrix or laser printer . .• free samples 

•..FREE CATALOG-•• 
Hice & Associates 

8586 Monlicello Or,. West Chester. OH 45069 
Phone/Fax: 513·779-79n 
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SOFTWARE PACKAGING 

STOCK PACKAGING 

' I 
to help you 

market your software 
ask for catalog as 

Call 708 390-7744 
I or fax 708 390-9886 

Po/yQuick Co. 
1243 Rand Road, Des Plaines, IL 60016 

Inquiry 697. 

SOFTWARE/BUSINESS 

DATA ENTRY SOFTWARE 
Full featured, heads-down data entry 


with two-pass verification, edit language. 

operator stats, much morel Designed for 

the P~. PC. XT, AT or compatibles. 


PCs from $395 LAN version available 

FREE 30 day trial 

Computer Keyes Tel: 206/77616443 
21929 Makah Rd., Fax: 206/776-7210 
WoOON'dy, WA 98020 USA: 800/356--0200 

SOFTWARE/EDUCATION 

DERIVE• NOW HALF-PRICE! 
DERIVE'. A Mathematical Assistant combines the 

~:'n°!n~~fe~:~ i~9~~~e~ths~';rib~~f~ ~f riu~~~~~ 
equations, and does calculus, trig, vector & matrix 
algebra and more. It is programmable, & plots in 2 & 
3D. Suggested List Price now only $125! 
Req: MS·DOS PC compatible & 512K. 

SOFT WAREHOUSE, INC. 
3660 Walalae Ave. Ste. 304, Honolulu, HI 96816 

Ph: (808) 734-5801 Fax: (808) 735-1105 

Inquiry 698. 

SOFTWARE/ENGINEERING 

Circuit Simulation 
Ne w Windows/Windows NT CAE Tools 

lnJ.r..QQ.wtlng l.1JlrulQn1y 

Interactive SPICE 
Experience Analog and Mixedsignal slmulallon 

like you 've never seen before 
"Just likebeing at the Bench." 

Includes: 

• 	 New lsSplce4; Interactive Cln:ull Slmulalor 
• 	 Real Time Cross Probing belween 

Schemallc editor and Simulator 
• 	 Model Libraries, more lhan 5000 Parts 
• 	 For PC. DEC Alpha , Mlps, Macintosh 

Full SPICE programs start ing at $95. Complete 
systems with schematic entry, lsSP1cE4, models, 
and waveform graphics only $2595. 

Call o r Fax for your Free Demo kit 

P.O . Box 710 San Pedro, Ca 90733-0710 

Tel (310) 833-0710 • ft 
FAX(31o)s33-96ss 1ntuso 

Inquiry 699. 

SAUNA: 3D THERMAL ANALYSIS 
• Models: PCBs, stacl<ed plates, heatslnks, mulliboatd 
enclosures. • All heat transfer modes: convection, 
radiation, conduclion • Interact ive menu -driven 
• Thermal parameters tlbra ry • Fast 'What U-· 
dimenston, mat'I, Hnish, analyses • Easy to learn & use 
• 	 IBM PC & Macintosh II 

Call or FAX for free evaluation program 

Tatum labs, Inc. 
1287 N. Siio Ridge Drive, Ann Afbor, Ml 48t08 

31 3~63-8810 FAX 313-663-3640 

Inquiry 700. 
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SOFTWARE/GRAPHICS 
Tiff , PCX. TAR!jA. GtF, 018 , ~ DCX. EPS, WMFL WPG. PICT. JPEG 
AccuSott lmaae ronnat LiDrary 4.0 

(n'Ow v e rsion) 

"'The mos/ ccmprehensive raster support library on lhe111drlce/" 


lmpon, export convert, display, and prin t •II above formats! 


~'Ifl~~.~~~':!r~~Pi~~~~i~m~ ;~~..~r.~~'~~G~."~~~F~ 
mulli-paoe Images etc. Rotate. zoom. scale. color reduction. 
sharpen, speclal-ettects etc. Versions for DOS. Windows, ITT, 
Watcom, OS/2,MAC, andothors. 

AccuSoft Corporation 
I 12Turnpil<e Road, Westboro, MA0158t 

(800) 525-35n (508) a98-2770 FAX (508) 898-9662 

Inquiry 701 . 

TG-CAD Professional v. 5.0. Windows/DOS 
Build •he CAD appllcauon you want, the way you wan~ 
wrlh this new and exciting v. 5 .0 of TG-CAO 
Professional. lncfudes TG-CAD 20, TG·CAD 30, TG­
CAD DXF Translator & TG-CAD Draw. Comes as Win 
DLL, Win Lib & DOS Lib. Written in 'C', Available with 
or without source. 30 day guarantee, Free, 56 page 
Te<:hnical While Paper. Call or write today. 

DISK SOFTWARE Inc. 

109 S. Murphy Rd.• Plano, TX USA 75094- 11 52 


Tet(214) 423-n88 1~s-n&0 Fax (214)423-7288 


Inquiry 702. 

IMAGING 
developer toolkits 

Corel says: 
·we chose LEAD's compression technology over 
other available solutions for Its image quality, ease 
of inlegrslion and speed performance". 
Dr. Michael Cowptand, Pres., CEO 

PC Magazine says: 

•... grea r compression w//houf using 111e 
·tossy' tochn lquos of ol/1or high-compression 
olgorll/1ms•. 3115194 
LEADTOOLS Is tho choice of 1500 developors 
worldwide, lnclud ng Corot, Sharp Electronics ond 
Truovlslon, 
Our guorontoe: 

1. Fastoa1 Image handllng/comproealon 

2 Tho hlghont 'los!lloaa' compro..1on 

3. Tllo fl'IOSI avollnbl functions 
4. Tho most fit formats supponod 
5 Wo wlll r ad your mmor format 01 wo'll mtJk h 

work lor froo 
30 DAY RtSK·FR E TRIAL 

FREE DEMO DISK 

800-637-4699 
LEAD Technologies, Inc. 

704-549·5532 FAX: 704·548-816 I 
Compusorvo: GO LEADTECH 

Inquiry 703. 

SOFTWARE/MATHEMATICS 

ORSYS- $299 
OPERATIONS RESEARCH SYSTEM 
Linear programs up to 3000 by 15000 
Mixed-integer and discrete linear programs 
Nonlinear objective and quadratic programs 
Transportation and Transshipment models 

Eastern Software Products, Inc. 
P.O. Box 15328, Alexandria, VA 22309 

(703) 360-7600 Fax (703) 360-7654 

Inquiry 706. 

SOFTWARE/SCIENTIFIC 

VleX Scientific Desktop Publishing 
• Scalable Fonts • Font effects • Typeface customization 
• Equations • Tables • Graphics • Foreign languages 
• MullHlngual spell & hyphenalion • IDE • On-line help 
· Dos, Dos-32 and Windows versions · From $199 
'Tpc of Tomorrow"-Notices of AMS, March 1991 

Call now for a FREE DEMO DISK 

MicroPress, Inc. 
68-30 Harrow Street, Forest Hills, NY 11375 
Tel (718) 575-1816 Fax (718) 575-$038 

Inquiry 707. 

SCIENTISTTM 
SCIENTIST is a program that fi ts equations to 
data, anylhtn11 trom y : a + bx - to multl·variate 
Implicit equations, Interpolating functions, Laplace 
transforms, or systems of differential equations. 
Modeling and data-fitting have never been quicker, 
easier or more reliable . Now availa bl e for 
Windowsn·•. 

MicroMath Scientific Software 
800·942·MATH Fax: 801-943--0299 

PO Box 21550, Solt Lllke City, UT 84 t 21 

Inquiry 708. 

FREE CATALOG! 

AFFORDABLE EARTH SCIENCE SOFTWARE 


Ovor 350 programs for Windows, DOS, Moc, 

Amigo, UNIX 


800-775-6745 
RockWare w 1 E••• s1ro01. sro. 5ns 
Scientific Software Gotdon, co 60401 

(303) 423-5645 • FAX (303) 423-6171 

Inquiry 709. 	 • 

Sirlln's CAD ++ ENGINE™ 
• Programmers Toolkit supports Road/Wrlto of 

AutoCAD DWG & DXF Files. 
• Object onontod, modular, databaso·llko ar.cess 

to CAD dote. r 
• View, Print, Plot, and Pick modules. 
• Available lor CIC++ for DOS, Extendod DOS, 

Windows, Sun, Macintosh and other Unix systems. 
Sirlin Corporation 

2s~':':.~~~).~;...0~~;d'."r:1'0o~.C:~~3~sA 
Inquiry 704. 

MARKET TO EUROPE! 
The BYTE EURODECK offers you a 
unique opportunity to sell your computer 
product s to BYTE' s 50 ,000 European 
Subscribers! 

Call Joseph for more info! 

(603) 924-2533 
Inquiry 705. 

SOFTWARE/TYPESETTING 

MicroTeX 
Includes LaTEX 2e 

For documents as effective as your words! 

~~~t!!~,:~:~~t~~c~q~t~s ~ ~vl~~ol~1 ~n~~::x 
• Exclusive Integrated Quick-Previewer 

• FREE domo dlok • FREE !lhlpPlng
Micro Programs Inc. 

25 t Joct<son Ave.. Syosso1. NY 1179 t 
Tel: (516) 921-1351 Fax: (516) 921 -1 004 

Inquiry 710. 

SOFTWARENOICE/FAX 

HIGH LEVEL C LIBRARIES 
Mulll·Volce and Multl·Fax are comp~te doveloomemCtool~ts to 

:~~~:~'~~t~~ '~rr:i:.715~~~'~fJ'o~~o~~~ 
APPLICATION In minutes. Many example prcorams and libraries are 
dellvared wit hfully commented source cod< VISA/MC Acceplod 
Muld·Volce f0< DloJoglc, Rhotorox. or Powortino 11 · $599 
Multi-Voice !or Singlo Uno Watsoo Board. $99 
Multi-Fax tor CAS (lnlel SahsFAXtion): $199 

ITI SOFTWARE 
Fax-On-Demand for information: (514) 835-2216 

Tel: 514-597-1692 Fax: 514-526·2362 BBS: 514-835-5945 

http:lnJ.r..QQ
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STATISTICS 

NCSS 5.x Series - $125 
Easy-to-use menus & spread sheet. Multiple regression. 
T· tests. ANOVA (up to 10 factors , rep. measures, 
covariance}. Forocastlng. Factor, cluster. & dlscrimlnanl 
analysis. Nonparametrics, Cross Tabulation. Graphics: 
histograms. box, scatter. otc. Reads ASCIVlotus. Mttny now 
add-On modules. 

NCSS 
329 North 1000 East, Kaysville, UT 84037 

Phone: 801-546-0445 Fax: 801-546-3907 

Inquiry 711 . 

SUBSCRIPTIONS 

SC~ WORLD Magazine 
The answer to ALL your 

SCO Unix/Intel computing questions 

To Subscribe: 

Call 800-879-3358 (USA) 
or 303-447-9330 (other countries) 

1 year rates: USA - $15 • Canada ­ $24 • tntemabonal • $49 

Inquiry 712. 

SWfTECHNICAL SUPPORT 

Computer Help Desk 
Time = $ 

The clock doesn't start 
until you're speaking with one of our tech reps. 

Our clients are NEVER put on hold! 
Mort-Sal $2.50 /min. 
10am-8pm 1{900)407·3700 Mustbe18 

Technical su art lor PC selu and all ma or software a llcallons 
Inquiry 713. 

UTILITIES 

PEN PLOTIER EMULATOR 
FPLOT turns your printor Into an HP pon ploltor. 
Fast hi-res. no logged lines. Vary lino width, color. 
Scroon preview - zoom, pan. Works with most 
CAD programs. Suppons most prtnters. Requlros 
DOS 2. t orhlghor $1 19.+S3 S& H. VISNMC/Chk/MO. 

FPLOT Corporation 
24· 16 Steinway St., Suite 605, Astoria, NY 11103 

71 8-545­ 3505 

Inquiry 714. 

ZSORT 
Sort huge liles fast on a PC. Choose records 

to sort using INCLUDE expressions. 
lndl11ldual $20 Network $35 

One Site $100 Company $400 
Manual $10 

ZIPFAST Box 12238 
Lexington, KY 40581 -2238 

Inquiry 715. 

VOICE/FAX PROCESSING 

Write your own Voice Mall software 
Creale advancod, mulll·line voice/fax moll systems with 
VOS0·~ . 1he Editors ' Choice. Complete lt1nguage 101 
computer/telephone Integration. VOS suppons delabasos, 
LANa, voice recognition, IOXl · lo·speech, conferencing, 
swflchtng and mora. 
Call for free booklet Ger Into Interactive Voice. 

Parity Software 
US: 415-989·0330 fax: 415-989-0441 
Europe: +45-3940.6803 fax: +45-3940-7803 

... 

WINDOWS 

FREENEY BBS 
215-445-1111 
<.~'<(,.'<(. Lively Chai • Girs Galore 
\ Internet Mail • News Groups 

1OOO's of DOS & Windows Files 
Service is FREE You Pay L.D. Char e 

Inquiry 716. 

THE ULTIMATE BBS 
FREE FREE FREE FREE FREE FREE FREE 

Latest Windows and DOS Ulils, Pgms, Source 
Code, Lively CHAT, onllne games, Internet Access 
and more and all FREE. Call from home or office 
up to 14.4K and download for FREE. (ni8/1) 

217•792•3663 II 
Cus1omer Service 415-281·4429 

Inquiry 717. 

WINDOWS S/W WANTED 

Want 10 sell your PC-based development tools, 
application specific Windows software, and pro ­
fessional-use applications In Japan? Whole system 
sales would also be welcome. Now is the umc to gel inlo 
the Japanese market because Japan is behind in tho 
development of Windows products. Do not worry Our 
technical engineers will help you with all changes lo 
Japanese s1andards and also with the preparation of 
Japanese manuals. 

Glken Shoji Co., Ltd. 
Fax: 81-052-972-65n Phone: 81-052-972-6544 
6F Soar Bldg 2·3, l·chorne, t1um1, HIJaShl·ku, Naoora 461 , Japan 

Inquiry 718. 

tMEG 
IMEG 
4M EG 
4M G 
t6MEG 

tX9 
IX9 
4X9 
tX38 
4Xil6 

MEMORY 
lowest Prices 

SIMM 
3 Cnlpa 
9 Chips 
3Chips 

Molholboard Spoclol1 
486 OX2 66 VLB M CPU 

MtCROFOX 

$ 3550 
s 4 t ,50 
$ 149.50 
$ 156.00 
CALL 

$376.00 

Plonso c:all 101 pi1co list. Ouon11ty Oiaoouma Avallnblo ­
CALL (212) 922-1874 Fax: (212) 922-1 879 

Inquiry 719. 

CD RECORDABLE 

Geared to CD-R technology 
GEAR, the ultimate CD-Recordable 

tool for any CD-Standard 
If you demand a simple, easy-to-use 

solution to create CDs, GEAR is 
every1hing you need. GEAR supports 

all major CD-Recorders; 
JVC Kodak 
Philips Ricoh 
Sony Yamaha 

GEAR is available for 
• DOS • Windows • Apple Macintosh 
• Sun Unix • Hewlett Packard Unix 

Elektroson 
USA 

10 Presidential Boulevard, Balo Cynwyd, PA 19004 
tel 610-617-0850 fax 610-617-0856 

Europe, Asio, Rest of the World 
P.O. Box 2436, 5600 CK Eindhoven,The Nelherlands 

tel 31 · (0) 40-515065 fax 31 - (0) 40-514920 
E-mall Etektro@sci.kun.nl 

t 


... 
...... 

Inquiry 720. 

SIMPLY 

THE BEST 


RESOURCE 

FOR 


DIRECT 

BUYERS! 


BYfE's new jumbo card 
deck is a fast and 
convenient way to find 
great deals on computer 
products and services. 
Each mailing is loaded 
with essential hardware 
and software product 
information for making 
purchases direct from 
the manufacturer ­
and it'sab olutelyfree.I 

The BYTE Deck is your 
#l resource for: 

• CD-ROM 
• Networking 
• Multimedia 
• Windows 

andMorel 

The next edition of the 
Jumbo BYTE Deck will 
arrive in your mailbox 
soon. Don't miss it! 

Adve1tisers: 

Call Susan Rastellini todayat 


(603) 924-2596 or fax your order to 

(603) 924-2683 




ADVERTISER CONTACT INFORMATION 

To order products or request FREE information, call advertisers directly or send in the 
Direct Link Card by mail or fax! Let them know you saw it in BYTE! 
lnqultyNo. PaKeNo. PltoneNo. 

A 
252 ADAPTEC 260 800-934-2766 
61-62 ADVANCED LOGIC RESEARCH 119 714-581-6770 
64 ALADDIN KNOWLEDGE SYS 46 800-223-4277 
63 ALADOIN KNOWLEDGE SYS 166 800·223-4277 
210 AUMICRO 243 800·653-4933 
544 ALTEX ELECTRONICS 240NE 2-3 800-531-5369 
549 ALTEX ELECTRONICS 240SO 2-3 800-531-5369 
557 AlTEX ELECTRONICS 240PC 2-3 800-531-5369 

AMBRA COMPUTER CORP (N.A) 40A·H 800·200-3390 
221 AMERICAN AOVANTECH 259 800-600-6889 

AMERICAN LUNG ASSOC 240S04 
AMERICAN LUNG ASSOC 240NE4 
AMERICAN POWER CONV 56A·B 

287 AMERICAN POWER CONV 56-57 800-800-4APC 
depLA2 

65-66 AMERICAN SMALL BUSI COMP 54 918·82!>-7555 
212-213 ANTEX ELECTRONICS 254 311).532-3092 

APPLE COMPUTER INC 11 800-365-3690 
ext 100 

207 APPRO INTERNATIONAL INC 256 800-927.5464 
302 ARCADA(N.A.) 185 800-729-7894 
1n-173 ARISTO GRAPHIC SYS (IITTL) 194 +49-41).54747·11 t 
172-173 ARISTO GRAPHIC SYS (US) 194 800-631-7646 
176-177 AT&TMULTIMEDll' SIWSOLTN 124 800-896-6544 
67 ATI TECHNOLOGIES INC 200 905-882·2600 

ext 4441 
222-223 AXIOMATIC 264 905-602·9270 
224 AXONIXCORP 261 801-456-9797 

B 
162 BEAME & WHITESIDESIW (INl'l) 35 +01·919·831-8990" 
162 BEAME & WHITESIDE S1W (N.A.) 35 800·463-6637 
264 BEAME & WHITESIDE SIW 263 800·4113-6637 
68-69 BEST POWER TECHNOLOGY 129 600-356-5794 

oxt6188 
2n-278 BILBO INNOVATIONS 261 800-203-oo92 
450 BIX 2n 800-89$-4775 
501·502 BOCA RESEARCH INC (IITTL) 68 407·997-6227 
7M1 BORLAND INTERNATIONAL 15 800·336-6464 

ext9125 
189 BUFFALO PROOUCTS 256 800·34!>-2356 

BUSINESS WEEK (INT'l) 185 
BYTE BACI< ISSUES (INrLJ 481$ 23 
BYTE EURODECK (INrL) 199 
BYTE EDITORIAL SURVEY 229 

~ BYTE INTELLIOUEST 21 9 603-924·928 t 
BYTE IT SERVICES 294 
BYTE READER 223 
BYTE REPRINTS (IITTL) 213 803·924·2525 
BYTE SUB MESSAGE 196 

c 
182 CALIFORNIA PC PROOUCTS INC 120 800-394·4122 
165 CARDIFF SOFTWARE 196 800-659·8755 
540 CERBERUS SOFTWARE l TD 40IS 24 +44·703-231133 
503 CHERRY 

MIKROSCHALTER GMBH 40IS 14-15 +49-9643-18-206 
n-13 COl.ORAOO MEMORY SYS 19 800·45Hl897 

ext 751 
74 COMPAQ COMPUTERS (NA) 100-101 600-345·1518 
288 COMPAQ COMPUTERS (NA) 147-149 800-34S-15 t 8 
504-505 COMPEX INC 401511 7 I 4-630·7302 
275 COMPUSHARP INTEGRATED SERV 259 600-934-4364 
n COMPUTER ASSOCIATES 131 800-434·REAL 

dept26500 
190 OOMPUTER DISC WAREHSE 232·233 800-959-4CDW 

OOMPUTER PROFS' BK SOC (N.A.) 209 717-794·2191 
COMPlITER 

PROFS' BK SOC (N.A.) 209A·B 717-794-2191 
506 COMPUTER QUICK 40IS8 41S-88t-8330 
191 COMPUTERLANE UNLTD 252 800·526-3482 
225 COMPUTERWISE 263 800-255-3739 
116 CONNER (NA) 121 800·755-0535 
281 CONSOLIDATED SIW PROO 264 600-737-8763 

COPIA INTERNATIONAL LTD 194 708-682-8898 
78 COREL SCSI 39 800-421-8006 
79 OORELFLOW 102 800-421 ·8006 
299-300 COROLLARY 235 714-250-4040 
161 CREATIVE LABS INC 36-37 600-998·LABS 
81).81 CTX INTERNATIONAL INC 143 909-595·6293" 
82-83 CURTIS INC 156 612·631·9512 
84-85 CYBEXCORP 117 205-430-4030'. 
507-508 CYBEX CORP (IITTL) Clll 205-430-4030" 
509-510 CYBEX CORP (INrL) CIV 20S-430-4030" 

272 BYTE EPTEMBE R 1994 

Inquiry No. PllgtNo. Pirone No. 

D 
86-87 DATA ACCESS CORP 169 800-451-3539 
192 DATALUX CORP 238 800-DATALUX 
226 DATAMANLTD 262 407-649-3335 

DATAPRO 174-175 800-328-2776 
260-261 DAVISON-WORTHCORP 262 800-668-2707 

DELL COMPUTER CORP (N.A.) Clll 800-626-8260 
DELL COMPUTER CORP (N.A.) CIV 800-626-8260 
DELL COMPUTER CORP (N.A.) 83 8Q0.626-8260 

DELL COMPUTER CORP (N.A.) 85 800-626-8260 
DELL COMPUTER CORP (N.A.) 87 800-626-8260 
DELL COMPUTER CORP (N.A) 89 800-626-8260 
DELL COMPUTER CORP (NA) 91 800-626·8260 
DELL COMPUTER CORP (NA) 93 800-626-8260 
DELL COMPUTER CORP (N.A.) 95-117 800-626-8260 

88 DELPHI INTERNET SERVICES 227 800-695-4005 
291 -292 DELTEC I NSSI 107 800-335-8321 
274 DESIGNER CHECKS 262 600-239-4087 
193-194 DISTRIBUTED PROCESSING TECH 241 800-322·4378 

E 
531 -532 ECG 401S 19 +31-4930-22716.. 
89-90 ELIASHIMMICROCOMPUTERS 160 813-744-5177 
276 EMATEKGMBH 263 +49-221 ·529666" 
511 ·512 EUTRON 40IS 16 +39-35-692-229" 
91-92 EXABYTE CORP (N.A.) 133 800·EXABYTE 

F 
513-514 FAST HARDLOCK (INT'!.) 63 +49-89-539800-20 

FltlSON 145 +39-2-66987027" 
529 FIRST INTERNATIONAL COMP 401S2 +886·2·717-4500" 
19!>-196 FIRST SOURCE INrL 236 714-448-7750 
95 FRAME TECHNOLOGY (N A.) 81 800·U4FRAME 

oxt 8t8 

G 
227 GAMMA PRODUCTIONS 265 800·974-2662 

GATEW"Y2000 64A-H 800·846-2058 
GATEWAY 2000 641·l 800-846-2058 
GATEWAY 2000 65 800-848-2058 

228-229 GENOVATION, INC 260 7 I 4·833-3355 
98-97 GLENCO ENGINEERING 139 800-562·2543 
293-211' GLOBALINK INC 211 800-255·5660 
230 GMM RESEARCH CORP 217 7 14 •752·94~7 

282-283 GRANITE DIGITAL 260 610·47 I ·6442 
75-76 GREENVIEW DATA 49 800-458-3348 
515 GREY MATIER LTD 401$ 12 +44·(0)364-53071" 
231·232 GTEK INC 267 800·282-4835 

H 
HEWLETT·PACKARD 31 800-533·1333 

oxt 8199 
233 Hl·TECH INSTRUMENTS 260 713-980-90-10 
234 HOOlEON CORP 261 602-634-7515 
98 HUMMINGBIRD COMMUNICATIONS 136 905-471).1207.. 

I 
99 IBM PC DIRECT Cll,t 800-428-7647 
289 IBM POWER PC 122·123 800-POWER·PC 
101 IBM CIC++ DEVELOPMENT TOOLS 21 800-342-6672 
100 IBM 5m SOLUTIONS 109 800-IBM·CAl.l 

doptSM030 
102 IBM RISC SYSTEM 6000 (N.A) 28-29 800·1BM-6676 

oxt833 
264-286 IMAGRAPH CORP 261 506-256-4824 
103 INTEGRAND RESEARCH tOB 209·651-1203 
558 INTEGRIX INC 401S 21 80S-37S-1055 

INTELCORP 16-17 800-538-3373 
INTEL CORP (N.A.) 16A-B 800-538-3373 

104-105 INTERGRAPH 163 800-345·4856 
106-107 INTERGRAPH (N.A.) 75 600-34&-4856 
235 IOTECH 262 216·439-4091 
158-160 rTERATED SYSTEMS 164 800·437·2285 

J 
197 JAMECO ELECTRONICS 247 800-831-4242 

JOA MICRODEVICES 255 60().538-5000 
268-269 JNL COMPUTER PROD INC 261 60I).283-5123 
187-188 JSB 212 800-359·3408 
295-296 JVC INFORMATION 190 714·261 · I292 

K 
239 KEITHLEY METAABYTE 259 800-348-0033 
108 KFC(N.A.) 170 600-253-2872 

Inquiry No. Page No. PltoneNo. 

236 KILA 258 3Q3.444-m7 
109-110 KINGSTON TECHNOLOGY 127 714-435-2600 
111 KNOWLEDGEWARE INC (NA) 199 800-675-2100 
518 KUO FENG CORP (INT'L) 121 ~2-754-8498.. 
292-283 KUREO TECHNOLOGY, INC 264 504.433.7715 

L 
21S-216 LA TRADE 234 800-433-3726 
538-539 LABTAM 401S 20 508-393-5760 
237 LAGUNA DATA SYSTEMS 262 800·938-TAPE 
112 LAHEY COMPUTERSYS 206 600-5411-4778 
535 LANSOURCE 401S18 +44-223·23m8 
238 LAWSON LABS INC 259 600-321-5355 
519 LIGATURE LTD 401S4 +972-2·513553 

M 
520 MAGIC / MSE 40IS5 +9n-3-151-19w· 
545 MANCHESTER EQUIP CO 240NE 1 516-435-1199 

MAN IN TiiE CHAIR 240SO 1 
MAN IN TiiE CHAIR 240PC 4 

114-115 MANNESMANN TALLY (N.A.) 55 800-843·1347 
ext62 

533-534 MARX DATENTECHNIK GMBH 40IS 22 +49-8403·1555 
MCGRAW HILL NRI (NA) 192A-B 
MCGRAW-Hill. ONLINE (INT'L) 209 

561 MEGADATA 401S 24 516-589-6858" 
209 MICR02000 248 800-864-8008 
203-204 MICRO SOLVTIONS COMP PROO 239 800-29S-1214 
199-200 MICRO SOLVTIONS COMP PROD 251 800-295-1214 
20 t ·202 MICRO SOLUTIONS COMP PROD 253 800-295-1214 
211 MICRO-INTERNATIONAL, INC 240 800-967-5667 
256-2 57 MICROCALSOFTWARE. INC 265 800·969-7720 
297-298 MICROOATA 245 800-539-0123 
t 17·118 MICRONETTECH 181 800-BOO·DISK 

MICROSOFT CORP 8-9 800-371).8996 
oxtCN3 

241).241 MICROSTAR LABORATORIES 259 2()6..153-2345 
158 MINICOM I CLASSNET VIDEO 118 •972-2-637876 .. 
523·524 MINUTEMAN 40191 7 214-448-7383 
553-554 MULTIPORT COMP·SYS (INrt) 170 +49-991 ·29017·20.. 

N 
118-1 20 NANAO USA CORP (NA) 51 310·32S-5202 
521·622 NATIONAL INSTRUMENTS 40IS 6 512·794-0100 
242 NATIONAL INSTRUMENTS 264 512·794-0100 
290 NEC RISCSERVER 12·13 800-NEC·INFO 
168 NETWORLD + INTEROP 94 217 ~33-1-46·39·58-33 
157 NETWORLD • INTEROP 94 (N.A.) 21 3 800-338-6638 

ext 1900 
198 NEVADA COMPUTER 242 800-962·2925 
558-560 NEWGEN SYSTEMS CORP (INrt) 55 7 t 4·641 ·8800 
273 NEWVOICE 268 703-448-0570 
121 NSTL 21 5 610-94 t-9600 

NSTL 246 611).941 -9600 
546 NVNEX MOBILE 

COMMUNICATIONS 240NE 6 600-996·DATA 
NVNEX MOBILE 

COMMUNICATIONS 240NE 6A·B 800-996·0ATA 

0 
284·285 OCEAN ISLE SOFTWARE 150 800-677·6232 
516 ouvem S.P.A. (INrL) 148·149 (UK) +0800 44 n 99 
517 ouvem S.P.A. (INrl) 28-29 (UK) +0800 44 n 99 
530 ON TIME MARKETING 40IS22 +49-40-437472 

OSBORNE MCGRAW-Hill 134-1 35 600-822-8158 

p 
279 P.E. LOGIC CORP 257 800·345-SCSI 
218 PACIFIC COAST MICRO 244 819·581-6040 
255 PACIFIC SOFTWORKS 285 600-54 t -9508 
122 PATTON & PATTON 207 800·525·0082 

ext t14 
260 PC PORTABLE MANUFACTURING 258 818-444-8144 
123-124 PC POWER & COOLING 53 800-722-6555 
126 PERSOFT INC 173 800·368-5283 
243 PERSONAL TEX 264 800-808·7906 
126 PHAR LAP SOFTWARE INC 112 617-661-1510 
525 PHILIPS MONITORS (INrL) 100-1 01 +31--40-73-39·83.. 
127-128 PINNACLE MICRO 7 7 t 4.-727-3300 
537 PIONEER HIGH 

FID (GB) LTD (INrL) 81 
129 PKWARE INC 155 414-354·8699 
303-304 PLASMON DATA SYSTEMS 21 6 408·956-9400 
178-179 PLEXTOR 66 60l).4Pt..EXTOR 
130 POPKIN SIW & SYSTEMS INC 159 212·571-3434 



For free product information, mail your completed card 
today. For quicker response, fax to 1-413-637-4343! 
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Inquiry Numbers 6()-246 	 Inquiry Number 247 -433 Valid until November 30, 1994 inquiry numbers 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 247 248 249 250 251 252 253 254 255 256 257 258 259 260 261 262 263 
n 78 79 80 81 82 83 84 85 88 87 88 89 90 91 92 93 264 265 266 267 268 269 270 271 272 273 274 275 276 277 278 279 280on Your Direct 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108 109 110 2B 1 282 283 284 285 286 287 2BB 289 290 291 292 293 29'1 295 296 297 

111 112 113 114 115 116 117 118 119 120 121 122 123 124 125 126 127 298 299 300 30 I 302 303 304 305 306 307 308 309 310 311 312 313 314 
128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 315 316 317 318 319 320 321 322 323 324 325 326 327 328 329 330 331 
145 14li 147 148 149 150 151 152 153 154 155 156 157 158 159 160 161 332 333 334 335 336 337 338 339 340 341 342 343 344 345 346 347 348 
t62 163 164 165 166 167 168 t69 170 171 172 173 m 175 176 177 178 349 350 351 352 353 354 355 356 357 358 359 360 36 i 362 J63 36'l 365 
179 180 181 182 183 184 185 188 187 188 189 190 191 192 193 194 195 366 367 368 369 370 371 372 373 374 375 376 377 378 379 380 381 382 
196 197 198 199 200 201 202 203 204 205 206 207 208 209 210 211 212 383 384 385 366 387 388 389 390 39 t 392 393 394 395 396 397 398 399 
213 214 215 216 217 21 8 219 220 221 222 223 224 225 226 227 228 229 400 401 402 403 404 405 406 407 403 409 410 41 t 412 413 •I• 415 416 

Link Card! 

230 231 232 233 234 235 236 237 238 239 240 241 242 243 244 245 246 417 418 419 420 421 422 423 424 42!i •26 427 428 •29 430 431 432 4332. Print Your 
Name and lnaulry Numbi'1$ ~J<Hi20 	 Inquiry Num~ 21--807 

434 435 436 437 438 439 440 441 442 443 , 44 445 446 447 446 449 450 621 1122 623 624 625 626 u27 628 ll2!I 630 631 632 633 634 635 636 637Address 451 452 453 454 455 456 467 458 459 460 461 462 463 464 465 466 467 631! 639 6-10 641 642 &Ki 644 6'15 646 647 648 649 850 651 652 663 654 
48B 469 470 471 472 473 474 475 476 4n 478 479 •eo 48 t 482 483 484 655 65li 657 658 659 660 661 662 ll63 66• 665 666 687 668 669 670 67 tAnswer questions "A" 
485 481l 487 488 489 490 491 492 493 494 495 496 497 498 499 500 50 1 872 873 874 675 676 677 678 679 680 681 682 ee:t li84 685 666 687 668 

through "E" and mail 602 503 504 505 606 507 508 509 510 51 1 512 513 514 515 516 517 516 66~ 890 691 692 693 594 69~ 600 6~1 69A &99 700 101 702 703 70<1 705 
619 520 621 522 523 524 525 526 527 528 521) 530 531 5:12 63J 53<1 535 706 707 708 709 710 711 712 113 114 11~ r1e 111 11a 119 no 121 722 

or fax card to 538 537 538 539 540 541 542 543 544 545 546 547 548 549 550 551 652 723 72' 725 726 727 728 729 730 731 732 733 734 735 736 737 738 739 
6S3 554 555 556 557 556 559 560 581 582 563 564 665 566 567 568 569 740 741 742 743 144 745 746 747 7411 74q 750 761 752 753 754 755 7561-413-637-4343. 570 57 1 572 5i'3 574 575 576 577 576 579 580 58 t 582 583 584 585 588 757 758 759 760 761 762 763 76•1 765 766 767 1sa 769 no ni m 773 
587 588 589 590 591 592 593 69-1 595 596 597 598 599 600 601 602 603 714 ns n6 1n 778 779 190 191 782 783 784 785 766 767 788 789 790 
604 605 606 607 606 609 610 611 612 613 61 4 615 616 617 618 819 620 791 792 793 794 795 7'16 79 7 790 7'1~ 800 801 BO~ 803 BO•t 805 606 807 

Inquiry Nuni 1. SOS-II 4 	 Inquiry Num 995- 11593. Product 
800 609 810 81 1 812 813 814 816 816 817 818 819 820 821 822 823 R24 995 996 997 996 999 1000 1001 l(Xl? 1003 l!X).1 1005 1000 1007 IOCWI 1009 
825 826 827 828 821l 830 831 832 833 834 635 836 837 838 839 840 841 !010 IO t 1 1012 1013 10t4 1015 1016 1017 1018 1019 1020 1021 t022 1023 1()24information will 642 643 844 845 846 847 648 849 850 851 652 853 854 655 858 857 858 1025 10?.6 1027 1028 1029 1030 1031 103:' 103:1 1()3.1 1035 1006 1037 1D38 1009 
859 860 861 662 663 864 865 866 867 866 869 870 871 872 873 874 875 1040 104 t 1042 1043 1044 1045 104& t047 1048 1049 1050 1051 1052 1063 1()54be rushed to 876 an 878 879 680 BB 1 ae2 863 884 885 886 687 688 889 890 891 892 1055 1050 1057 IO'J8 Hl59 1000 106t 1()62 1063 1064 1066 1066 106? 1008 1069 
893 89-1 895 896 897 898 699 900 901 902 903 904 905 906 007 908 909 1010 1011 ion 1073 101' 1015 1016 1077 1078 1079 IO!Kl t081 1082 t083 1064 
910 911 912 913 914 915 916 917 918 919 920 921 922 923 924 925 926 1085 1066 1067 1088 l<Xl!I 1090 1091 1092 1003 1094 10'l'i 1096 1007 1008 1099you from the 
927 928 929 930 931 932 933 934 935 936 937 938 939 940 941 942 943 1100 1101 1102 1t03 1104 11o; 1106 1107 1106 1t09 1110 1111 1112 11131114 
944 945 946 947 948 949 950 951 952 953 954 955 956 957 958 959 000 1115 1116 1117 1118 1t19 1120 1121 1122 1123 1124 11:15 1126 1127 1128 1129selected 961 962 963 964 985 966 967 968 969 970 971 972 973 974 975 976 977 1130 1131 1132 1133 1134 1135 1136 1137 1138 1139 1140 1141 11•12 114:l 1144 
978 979 000 981 982 983 1184 985 986 967 988 989 990 99 t 992 993 994 1145 1148 1147 1149 1149 1t50 11S1 1152 1153 11!'>4 1155 1166 1157 11[>8 1159companies! 
Inquiry r~umbfo•1 I160 112 	 Inquiry Number• 13:1 1489 

1160 1161 1162 1163 1164 1165 1168 1167 1168 116!l 1170 1171 1172 1173 1174 1325 132ti 1327 1328 1329 1330 1331 1332 1:m 1334 1335 1336 1337 1338 1339 
1175 111s 11n 1178 1179 1180 1181 1182 1183 1184 1185 1188 1187 1188 1189 1340 1341 1342 t343 1344 1345 t346 1347 1348 1349 1350 1351 1352 1353 13&1 
1190 1191 1192 1193 1194 11 95 1196 t197 t 198 1199 1200 12<l1 1202 1203 1204 1355 1356 1357 1358 135Y 1360 1:J61 1362 1363 1364 1365 1366 1367 1368 1Jli9 
1205 1206 12<l7 1208 1209 1210 12t 1 1212 1213 1214 1215 t216 1217 1218 1219 1370 137t 1372 1373 1374 131; 1378 13n 1378 1379 1380 1381 1392 1383 1384 
1220 1221 1222 1223 1224 1225 1225 1221 1m 1229 1ZX> 1231 1~ 12:33 1234 1385 1386 1387 1388 1389 1390 1391 1392 139:1 1!1l4 1395 1396 t397 1398 1399 
1235 IZ!6 1237 1238 1239 1240 124 1 1242 1243 1244 1245 1246 1247 1248 1249 1400 1401 1402 1"°3 1404 1405 1406 1407 t406 1400 1410 1411 1412 1413 1414 
1250 1251 1252 1253 1~1~1™1~1~1~ 1~1~12821~1~ 1415 1416 1417 1418 1419 142() 1421 1422 142'.I 1424 1425 1428 1427 1.128 1429 
12115 1266 1267 1268 1259 1210 1211 1212 1m 121• ms 1m 1m 1218 1279 t"3l 1431 1432 1433 1434 14l5 t436 1437 1438 1439 1440 1441 1'142 1443 1444 
1280 1281 1282 1283 1284 1285 1286 1287 1288 1289 1290 1291 1292 1293 1294 1445 1446 t447 1448 lo\4~ 1450 1451 1452 1453 1454 1455 1458 1457 1458 1459 
1295 1296 1297 1296 1~ 1~1~ 1~ 1~1~1~1~~7 1~1~ 1460 1461 1462 1463 1-1&1 1465 1486 1467 1.soa 1469 1470 1411 t472 1m 147• 
1310 131 1 1312 1313 1314 13t5 1316 1317 1318 1319 1320 1321 1322 1323 1324 1476 1476 1477 1478 1479 1480 ;491 1482 148J 1484 1485 1486 1'.87 1488 1489 

1,~I;~I~ i I ~
1tnII 

Product Category 	 Diagnos11c Equljltllen1 53 Monitora & Terminals 18 Databa~e 29 Securny 41 
Disks & Optical Drives 7 Multimedia!CO·ROM 19 EducahOnal 30 Snareware J2lnformallon 
Olskettes/Oupllcators 	 Pnnters/P1oners 20 Eng1neenng/Soen111tc 31 Sohwa1e Duphca1tor1 43Circle 1he numcers below 101 

add1oonal lnlOllll8.1JOll on the Fax Boards/Maclmies Programmable Hardware 21 Ente11a1nmen1 32 Spreadsheels 44 

products you re ln1eresled m Grapl11cs Tablels/Mlcel Scanners/OCRIOig1llzers 22 Grilj)!loes 33 Unix 45 
Pen lnpu1 10 Tape Dnves 23 Macintosh 34 Ut111i1os 46Haraw 111 

Keyboards lt 	 UPS/Power Managemenl 24 MailOraer 35 Windows 47
Aa:essoncs/Suppl1es 1 

LAN Hard\Yare 12 	 Ma1hema1tcaVSlalls1ica1 36 Wo1d Process1~9 48Add·m Boards 2 	 Softw r• 
Laplops & No1ebool<s 13 	 MISl:ellaneous Soltwa1e 37Bar Coding 3 Business 25 	 r'i91111 
Mail Order 14 	 °'1·1..tne Services 38Communlca1ions/Ne1Wor1ung 4 CAO/CAM 26 	 Booi<S/Publlcations 49 
Memory/Ch1ps/Upg1ades 15 	 Operatmg Systems 39Computer Systems 5 Communlca!Jons/Ne1Wor1ung 27 	 Recrullmenl 50 
MlscoflBI100Us Hardware 16 	 Programming Languages•Da1a Acquisibon 6 Data Acquisioon 2B 	 MiscellaneollS 51 
Modems/Mul!Jplexors 17 	 Tools 40 

http:V.WVl.IS


For free product information, mail your completed card 
today. For quicker response, fax to 1-413-637-4343! 
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See reverse side 
for card. 

1. For FREE 
product 
information 
from 
individual 
advertisers, 
circle the 
corresponding 
inquiry 
numbers on 
Your Direct 
Link Card! 

2. Print Your 
Name and 
Address 
Answer questions "A" 
through "E" and mail 
or fax card to 
1-413-637-4343. 

3. Product 
information 
will be rushed 
to you from 
the selected 
companies! 



ADVERTISER CONTACT INFORMATION 


Inquiry No. Page No. Phone No. 

168 POWERSOFT CORP (NA.) 58 81)().395-3525 
170·171 PRIMAX ELECTRONICS 214 800-PRIMAX·1 
113 PROGRAMMER'S PARADISE 7fr77 800-445-7899 
163·164 PROXIMA CORP 195 619-457-5500 
186 PSI 165 800-PSl-3031 

Q 
131 QNX SOFTWARE SYS LTD 2-3 800-363·9001 

eXl 101 
244 OUALSTAR CORP 262 81)().468·0680 
132 QUARTERDECK OFFICE SYSTEMS 43 310-392·9851 
133-134 QUATECH INC. 230 800-553-1170 

R 
135 RAINBOW TECHNOLOGIES 61 800-852-8569 
266-267 RCI 258 908-874-4072 

GXI 71 
551-552 RECOGNITA (INrL) 133 +36-1-2018925 
206 RECORTEC INC 249 800·729-7654 
180-181 ROBERTSON-CARUSO & ASSOC 42 404-512-0600 
137-138 ROSE ELECTRONICS 208 800-333·9343 

s 
536 SAMTRON (INrL) 51 +49-6196483829" 
13!1-140 SAMTRON DISPLAYS INC (N,A.) 63 310·802·8425 
245 SCIENTIFIC ENDEAVORS 263 800-998·1571 
246 SEALEVEL SYSTEMS INC 257 803-843-4343 

Inquiry No. Page No. 

306 SEOUITER SOFTWARE INC 237 
526 SIEMENS NIXDORF INFO 401S 7 
258·259 SIGMA TECH SOFTWARE 258 

SILICON GRAPHICS 116 

247 SILICONSOFT, INC 260 
183·184 SMITH MICRO SYS & SIW 141 
169 SOFTARC 64 
543 SOFTWARE PUBLISHING 240PC 1 
548 SOFTWARE PUBLISHING 240NE 5 
527 SOFTWARE SECURITY 401S9 
555-556 SOLID COMPUTER GMBH (INT'L) 147 
141 STATSOFT 105 
142·143 SYSTAT INC 153 

T 
248 TALKING TECHNOLOGY INC 258 
144-145 TEAC AMERICA INC 183 
146 TEKTRONIX 69 

147-146 TEXAS INSTRUMENTS 44-45 
149 TOSHIBA AMERICA INC 22-23 
253 TRI VALLEY TECHNOLOGY INC 259 

u 
541-542 UNISALES 401S 10 

Phone No. 

403·437·2410 
+49·89-636-0 
818·368·6132 
81)().800·7441

exl B211 
800-969-441 1 
714·362·2345 

416-754-1856" 
408·986·8000 
408·986·8000 

203-329-7428" 
+49-89-3159146 

918·583-4149 
708·864·5670 

800-685·4884 
213-726-0303 
800·835-6100 

eX132G 
800·Tf.TEXAS 
800-457·7777 
510-447·2030 

508-393-5780 

Inquiry No. Page No. Phone No. 

v 
205 VAUTEK INC 254 413-549·2700 
249 VIDEX, INC 257 503-758-0521 
150-1 51 VIEWSONIC 73 909·869-7976 

w 
528 WALKER. RICHER & QUINN {INTI.) 75 206-217-7100 
153 WATCOM VX·REXX OS/2 27 5 I 9·886·3700 
152 WATCOM CiC++ DEVELOPMENT SYS 71 519-886-3700 
174-175 WIBU (INrL) 42 +49·721 ·3n45S" 
174-175 WIBU (U.S.) 42 301·570-3497 
250 WINTEK CORP 263 800·7<2-6809 
208 WORLDWIDE TECHNOLOGIES 250 215-922·0116" 

y 
185 YUANYUAN WTEAPRISE CO LTD 210 +886·2·726·8845" 

z 
251 Z·WOALD ENGINEERING 262 916-757-3737 
154 ZENffi1 DATA SYSTEMS 33 800·84 I ·588 

exl 5136 
155 ZEOS INTERNATIONAL 110-111 800·554·5226 
166-167 ZYXEL USA 203 714-693-0808 

I •Co"espoocl clirectly with company. 
"lnclica/es FAX Number 

I 
BYTE ADVERTISING SALES STAFF 
David B. Egan, Publisher, One P('Joenlx Mill Lane. Peterborough, NH 03458, Tel. {603) 924-2678, Fax: (603) 924·7620 

Diane Lieberman. Director. Inside Advertising Sales, One Phoenix Mill Lane. Peterborough. NH 03458, Tel. {603) 924-2518. Fax: (603) 924·2683 


NIWl-.vll> SOUTHEAST SOUTKWEST1 -™PACIFIC SOUTH PACrFIC 
ME, NH, VT, MA. RI, CT, ONTARIO NC, SC. GA, FL AL. TN, MS, AA. LA. ROCKY MOUNTAIN NORTHERN CA. OR. 10. MT WY. UT ORANGE COUNTY 
CANADA & EASTERN CANADA KY. DC, MO. VA. WV CO. OK. TX RoyJ Kops (415)51H861 SAN OIEGO COUtHY 
Sanl0<d L Flblsh (6171860-6344 MaryAnn Gookling (404) 843-4782 Jenn~er Wall<or(2141701-8496 James ea;1 (603) 924-2662 ll<!lh Oildas (7141753-8140 
Patricia Pa)'llll (603) 824-2654 Bnnn Higgi!lS (603) 1124·2661 Ko;\n Lory (8031 024·2527 SILICON VALLEY HI, WA AK Mnrk SptJro• (714) 7S3-8140 
MtGrftw·Hllt Publlc1\llOOI Mc01tt~-Hm PubUcmlrona Mc:Gra,·HUI Pub&lenlion111 W CANADA 8r4d Outon (503) 924 ·2574 
?4 Hurtwoll Avonoo 4170 Alinlotd·Ounwaody Ad SUllO 6~ 1 48~Quorum 0 1 SOlto ~ Suc.un Wornot (41 15) 513"'6862 McGr w·Hlll PuhltCB UOOtJ 

Lt111ln\J10fl. MA 0217!1 Allontn, QA. 30319 0 lln1. TX 7S240 JonW>a UoN (80311124-2662 15635 Alton P.kwy Sul!o 200 
FAX: (517186G-e899 FAX: (4041252-4056 FAX: (2141991 ·5208 McGmw-Hill PObhCEUlonl 11~1no CA OU\8 

1900 O'Fnrrcll SffOCI, Su11o 200 FAX: (714) 763-8147 
UITCOAIT MIDWllT Snn Mntoo. CA 9-t40.'l 


NY NYC, NJ, DE. PA 
 I~. MO, KS. IA, NO SD, MN. FAX: (41 5) 513·8887 

Kim Noms (212151a.2845 
 WI NE. IN. Ml, OH 

Lon s11vora1oln (61417511·3744 

Ed Wor (8031824·25114


Jonathon Snwyot (803} 92•·2865 
McGraw·H1ll Publtcahont McG1nw·Htll P\lbticntk>n•1221 Avontitt ol Am011CH,.....28tl'J Ai>of 463!! l j ll!C" CQq>oto10 OrtvoNnwYorlt NY 10020 Colum)>U.. oH 43232 FAX: (2121512·2075 FAX: (514) 7511·3i42 

Peterborough, NH Office: Inside Sales FAX: 603-924-2683 Advertising FAX: 603-924-7507 
....,.../ aottw .. lhoweaH TM..,,.,., M<wt/01"-ed• •m~ :~t'::'1:0":,~~--Mnrk Slone (803) 1124·2895 Malool L SWnnson (6031924-2656 SUS41t Fl..tolllnl (603) 924-2.5116 
Elion Po""'m (603) 924·211118 OITT. Potil1cn1lon11 BYTE Pub!lcnlictn• Fu' (6031924-2883 
BYTE Publctltlona One PJ\O&mx MUI Lilno Ono Phoon!J( Mill u.,. 


Peto{borough NH 03'58 POU>tbOroUQh. N~ 03458
One Pnoool• Mi" LllflO 
Potmbo1ougn, ~l'i OJ.1158 

INTERNATIONAL ADVERTISING SALES STAFF 

UNITIDIU-, lllllMANY, IWITU11LAND1 ITALY, TAIWAN JAPAH &IHO.APOlll", INDIA, 
FRANCE, UHE.UX AUITlltA SCANDINAVIAN COUHTlltH Janel Wang Masnkl Mon INDONEllA, ~AIOSTANJ 

Gory 1..ucos (+44 71 495 87801 Zana Coupe, Atiwidil Blaskon lMd Wnve Publr>nlng Co<p Trnn~w~f1tJ Me<Jm Inc l'lllU"INll, OTllEI ASIAN 
Jonalhan McGowan :r~w~~l8PurMfahlng Co A·Z lntomattonalSulos Lid 2nd Fl.. No. 19·2. Lane 231 70~. 2·26·3 Nl•fiigorBOOO AND PACIFIC COUNl!llH 
(+44 71 41156781) Llcblgotrasso 19 70 Chalk Form Road ~~1~1~No~h}10tld sn1nagawa·ku 
tAcGraw·HJll Pobll!Nng Co 0-60323 Franldtl<I lon<lOONWI SAN TOiityo 141 f~~I.~:. 19·1, Lane 231 
34 00119< SI Germany England Ta1won R.O.C Japan t~)::ITt>~!~lldTel: +886 2 7138958 

FAX: +49 69 7140 7148 FAX: +44 71 28'131]4 FAX: +866 2 7189467 FAX' +81 3 37880674 R.OC 
London W 1 X 48 A Toi : +49 69 7140 7140 Tel: •44 71 2843171 Toi : +81 3 33887466 

Tel : +88& 2 7138959 DKL 226 
TELEX: 892191 llllAn A Suzut<J 
~~~~ 71 4956734 

llONO MONO FAX: +888 2 7189467 
OanEMklh NollldS 1nc:loo YO<l 
Ehrlich Communcotlon 1!'111 2·35-8, llnokii Ota•kuThird Wove Publlshlnu Cotp MALAYSIA 
PO Bo<99 Unit 2, 6F Hmg Woh Contor TOkyo 1.t.G iiK Lin 
Herzlly• 46101 JaPM82·84 To Kwa Won Road Sorvo• (Male)'5'8) Sdn Bild 
1.,..1 Kowloon, Hong Kong Tel : +81337573721 5th Floor. Bene TOW61 

Tel' +872 9 686245 FAX: +81337572286 Tel: +852784 3830 160. Jalan Ampang 
Toi: +1172 9 586246 FAX: t 852 784 3857 50450 Kuala Lumpur 
FAX: +97211585685 AUITRAUA Mal,1'($.ia 

MOllEA Tel : •60 3 2824592Phil BushSubscription Customer Service -] You09·Seoh Chinn FAX: 160 3 2624591Nouonal Adven1smg S<lrvices 
U.S. 1-800-232-2983 


Outside U.S.+1-609-426-7676 


I For a New Subscription 

U.S. 1-800-257-9402 


Outside U.S. +1-609-426-5526 

r

I 

Jes Media 1n1omo11ona1 7-13 Parmween Stroet 
611> A.. Oonghye Bldg Cromorno NSW 2090. 
47· 16. Myungl~Oong AuslraUa 
Kang1lon9·Gu Tel: '61 2 908 9329 
Seoul 134.Q70. K0<ea FAX: +81 2 953 8274 
Tel: +82 2 4813411 
FAX: +82 2 4813414 
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1 PRODUCT CATEGORY INDEX 
' -> - • 

For FREE product information from individual advertisers, circle the 
corresponding inquiry numbers on Your Direct Link Cardi 

To receive information for an entire product category, circle the category 
number on Your Direct Link Card! 
C•tegory No. I Category No. ICetegory No. 
Inquiry No. Page No. 

HARDWARE 
1 ACCESSORIES/ 

SUPPLIES 
212·213 ANTEX ELECTRONICS 254 
247 SILICONSOFT, INC 260 

2 ADD-IN BOARDS 
212-213 ANTEX ELECTRONICS 254 
67 An TECHNOLOGIES INC 200 
50 1-502 BOCA RESEARCH INC (!NTL) 58 
82-113 CUAnS1NC 156 
193·1 94 DISTRIBUTED PROCESSING TECH 241 
264·265 IMAGAAPH CORP 261 
197 JAMECO ELECTRONICS 247 
279 PE LOGIC CORP 257 
133·134 OUATECHINC 230 
246 SEAL.EVEL SYSTEMS INC 257 
248 TALKING TECHNOLOGY INC 258 

3 BAR CODING 
249 VIDEX INC 257 

Inquiry No. Pat/• No. Inquiry No. Page No. 

LIAN IN THE CHAIR 240PC 16 DATA ACQUISITION MAN IN THE CHAIR 240SO 1 
221 AMERICAN ADVANTECH 259 l.4CGRAW·HILL ONLINE SVCS (!Nll.) 209 
264·265 l~IAGRAPH CORP 261 198 NEVADA COMPUTER 242 
239 KEITHLEY METRABYTE 259 
238 LAWSON LABS INC 259 
24().241 MICROSTAALABORATORIES 259 15 MEMORY/CHIPS/
133-134 OUATECH INC 230 UPGRADES 

195-196 <tAST SOURCE !NrL 2367 DISK & OPTICAL DRIVES 289 IBMPCWEAPC 122·123 
252 ADAPTEC 260 INTELCOAP 16-17 
275 COl.IPUSHAAP INTEGRATED SERVICES 259 197 JAMECO ELECTRONICS 247 
82-33 CURTIS INC 156 1tlt-110 KINGSTON TECHNOLOGY 127 
262·263 GRANITE DIGITAL 260 215-216 LA TRADE 234 
199-200 MICRO SOLunONS COMP PROO 251 208 WORLDWIDE TECHNOLOGIES 250 
201-202 MICRO SOLUTIONS COMP PROO 253 
203·204 MICqQ SOLUTIONS COMP PROD 239 
117-118 MIC'10NET TECHNOLOGY 181 16 MISCELLANEOUS 
553-554 l.IULTIPCRT COMPUTER·SYS (INT'l) 170 
127-128 PINNACLE MICRO 7 HARDWARE 
537 PIONEERHIGH FID (GB) LTD (!NTL) 81 m·278 BILBO INNOVATIONS 261 
3()3.304 PLASMON DATA SYSTEMS 216 182 CALIFORNIA PC PROOUCTS INC 120 
178·179 PLEXTOR 66 103 INTEGRAND RESEARCH 106 
144-145 TEAC AMERICAINC 183 218 PACIFIC COAST MICRO 244 

123-124 PC PCWEA &COOLING 53 
185 YUAN YUAN ENTERPRISE CO LTD 2108 DISKETTES/ 

DUPLICATORS 17 MODEMS/ 
222·223 AXIOMATIC ™ MULTIPLEXORS 

60MI02 BOCA RESEARCH INC (INll.I &810 GRAPHICS TABLETS/ JOA MICROOEVICES 258 
188-187 ZVXELUSA 203MICE/PEN INPUT 

172·173 AR!STO GRAPHIC SYSTEMS 194 
233 Hl·TECH INSTRUMENTS 280 18 MONITORS& 
247 SILCONSOFT INC 260 TERMINALS 

8CH1 CTX INTERNATIONAL INC 14311 KEYBOARDS 182 DATALUX CORP 238 
803 CHERRY MIKROSCHALTER GMBH 4<MS 1.t·15 108 KFC(N.A) 170 
192 DA fALUX CORP 238 518 KUO FENG CORPORATION (INrL) 121 
228·229 GE~OVATION, INC 260 11 ..120 NANAO USA CORP (N.A.) 81 
234 HOOi.EON CORP 281 525 PHILIPS MONITORS(!Nrl) 10().101 
2ea·289 JNL COMPUTER PAOOUCTS INC 281 139·140 SAMTRON DISPLAYS INC (N.A) 83 

538 SAMTAON (!Nrl) 81 
18().181 VIEWSONIC 7312 LAN HARDWARE 

601-502 BOCA RESEARCH INC llNT"ll &8 
504o!S05 COMPEXINC 401S 11 19 MULTIMEDIA/CD-ROM 
8"85 CYBEXCORP 117 212·213 ANTEX ELECTRONICS 284 
507~ CYCEX CORP (INT'L) Clll 181 CREATIVE LABS INC Sll-37 
5ot-510 CYllEX CORP (INT'L) CIV 2M·285 IMAGAAPH CORP 281 
117-118 MICRONET TECHNO!.OOY 181 295-298 .f\/C INFORMATION 190 
848 NYNEX M091LE COMMUNICATIONS 140NE 8 853-554 MUl nPCRT COMPUTEA·SYS (!Nrl) 170 
123·124 PC PCWEA &COOLING 53 183-184 PAOXIMA CORP 195 

SILICON GRAPHICS 118 
144-145 TE.AC AMERICA INC 18313 LAPTOPS & NOTEBOOKS 

At.ISRA COMPUTER CORP (N.A) 40A·H 
224 AXONIXCORP 281 20 PRINTERS/PLOTTERS 
74 COMPAQ COMPUTERS (NA) 10().101 HEWLffi·PACKARD 31 
629 FIRST INTERNAnONAL COMPUTER 40!52 548 MANCHESTER EQUIPMENT CO 240NE 1 
89 IBMPC DIRECT Cll,1 114-118 MANNESMANNTALLY (NA ) 56 

JOA MICAODEVICES 288 55t-580 NEWGEN SYSTEMS CORP (INT'\.) 85 
211 MICACHNTERNATIONAL, INC 240 518 OLIVETTI S.P.A (INT'L) 148·149 
517 OLIVETn S.P.A (INT'L) 28·29 17().171 PAIMAX ELECTRONICS 214 
147-148 TEXAS INSTRUMENTS 44-45 148 TEKTRONIX 6D 
149 TOSHIBA AMERICA INC 22·23 
154 ZENITH DATA SYSTEMS 33 
155 ZEOS INTERNATIONAL 11().111 21 PROGRAMMABLE 

HARDWARE14 MAIL ORDER 189 BUFFALO PROOUCTS 258 
644 ALTEX ELECTRONICS 240NE 2-3 88-87 DATA ACCESS CORP 169 
649 ALTEX ELECTRONICS 24050 2-3 228 DATAMANLTD 262 
557 ALTEX ELECTRONICS 240PC 2·3 28().281 DAV!SON·WORTH CORP 282 

AMBRA COMPUTER CORP (NA) 40A·H 8HO ELll\SHIM MICROCOMPUTERS 180 
AIAERICAN LUNG ASSOCIATION 240504 61H 14 FAST HAADLOCK (INll.l 83 
AMERICAN LUNG ASSOCIATION 240NE 4 23S IOTECH 262 

190 COMPUTER DISCOUNT WAREHOUSE 232-233 JOA MICAOOEVICES 255 
191 COMPUTERLANE UNLTD 252 533-634 MARX DATENTECHNIK GMBH 401S22 
99 IBM PC DIRECT Cll,1 174-175 WISU 42 
197 JJ.MECO ELECTRONICS 247 251 Z·WORLD ENGINEERING 262 

4 COMMUNICATIONS/ 
NETWORKING 

887 ALTEX ELECTRONICS 
230 GMM RESEARCH CORP 
231·232 GTEK lljC 
561 MEGAOATA 
117· 118 MICRO~ET TECHNOLOGY 
188 MINICOM I CLASSNET VI0€0 
273 NEWVOICE 
548 NYNEX MOOILE COMMUNICATIONS 
170.171 PRIMAX ELECTRONICS 
188 PSI 
288·287 RC! 
137-138 ROSE ELECTRONICS 
268-2$9 SIGMA TECH SOFTWARE 
855·858 SOLID COMPUTER OMBH (!NrL) 
248 TALKING TECflNOLOOY INC 

5 COMPUTER YSTEMS 
81-32 ADVMCEO LOGIC RESEARCH 

AMBRA COl~PUTER CORP (N A ) 
207 APPRO INTERNATIONAL INC 
288 COMPAO COMPUTERS (NA) 
299-300 COROLLARY 
192 DATALUX CORP 

DELL COMPUTER CORP (NA) 
DELL COMPUTER CORP (NA.) 
DELL COMPUTER CORP (N.A) 
DELL COMPUTER CORP (N.A.) 
DELL COMPUTER CORP (NA.) 
DELL COMPUTER CORP (NA.) 
DELL COMPUTER CORP (NA) 
DELL COMPUTER CORP IN A ) 
DELL COMPUTER CORP (NA) 

531-532 ECG 
GATEWAY 2000 
GATEWAY 2000 
GATEWAY 2000 

99 IBM PC DIRECT 
102 IBM RISC SYSTEM 6000 
658 INTEGAIX INC 

INTELCORP 
104·105 INTERGRAPH 
236 KILA 

240PC2-3 
287 
287 

40!5 24 
181 
118 
2&8 

240NE 8 
21' 
185 
288 
208 
288 
147 
258 

119 
40A·H 

288 
14M4D 

236 
238 
Cll! 
C!V 

83 
85 
87 
89 
91 
93 

95.97 
401519 
84A·H 
84H. 

65 
Cll,1 

28-29 
401921 

18-1 7 
163 
258 

545 MANCHESTER EQUIPMENT CO 240NE 1 
290 NEC RISCSEAVEA 12·13 
121 NSTL 215 
218 PACIFIC COAST MICRO 244 
280 PC PORTABLE MANUFACnJAING 258 
206 AECORTEC INC 249 

SILICON GRAPHICS 116 
555.555 SOLID COMPUTER GMBH (!NrL) 147 
253 TAI VALLEY TECHNOLOGY INC 259 
155 ZEOS INTERNATIONAL 110.111 

274 BYTE S PTEM BER 1994 



PRODUCT CATEGORY INDEX 

For FREE product information from individual advertisers, circle the 
corresponding inquiry numbers on Your Direct Link Card! 

To receive information for an entire product category, circle the category 
number on Your Direct Link Card! 
Catagory No. 

Inquiry No Page No. 


22 SCANNERS/ OCR/ 
DIGITIZERS 

8!1-90 ELIASHIM MICROCOMPUTERS 160 

51 9 LIGATURELTD 40154 

551 ·552 AECOGNITA (INT'Li 133 


23 TAPE DRIVES 
72-73 COLORADO MEMORY SYSTEMS 19 

91-92 EXABY E CORPORATION (N.A.) 133 

2'37 LAGUNA DATA SYSTEMS 262 

20J.204 MICRO SOl.UTIONS COMP PROO 239 

19!1-200 MICRO SOLUTIONS COMP PROO 251 

201·202 MICRO SOLUTIONS COMP PROO 253 

244 OUALSTAR CORP 262 

205 VALITEK INC 254 


24 UPS/ POWER 
MANAGEMENT 

AMERICAN POWER CONVERSION 56A.S 

287 AMERICAN POWER CONVERSION 56-57 

68-69 BEST POWER TECHNOLOGY 129 

291-292 DELTEC I NSSI 107 

523-524 MINUTEMAN 4015 17 

123·124 PC POWER &COOLING 53 


53 SECURITY 
513-SU FAST HARDLOCK llNT L) 83 

174·175 wmu 42 


SOFTWARE 
25 BUSINESS 
185 CARDIFF SOFTWARE 
274 DESIGNER CHECKS 
293-294 ClLOBALINK INC 
122 PATTON 5 PATION 
183-m PROXIMA CORP 

26 CAD/ CAM 
65-66 AMERICAN SMA L BUSINESS COMP 
172· 173 ARISTO GAA~HIC SYSTEMS 
104·105 1NTERGRAPH 
106·107 INTERGRAPH IN A.) 
250 WINTEKCORP 

27 COMMUNICATIONS/ 
NETWORKING 

254 BEAME WHITESIDE SOFTWARE 
162 BEAME S WHITESIDE SIW (N.A.! 
540 CERBERUS sonwARE LTD 
504·505 COMPEXINC 
n COMPUTER ASSOCIATES 
98 HUh1!.'INGBIRD COl.IMUNICATIONS 
187· 188 JSB 
535 NSOURCE 
284-285 OCEAN ISLE SOflWAAE 
125 PERSOFT INC 
18S PSI 
180·181 ROBERTSON.CARUSO& ASSOCIATES 
183·184 SMITH MICRO SYSTEMS & SOFl\VARE 
169 SOFTARC 
555-556 SOLID COMPUTER GMBH (IN'T'L) 
541-542 UNISALES 
528 WALKER, RICHER &QUINN (INT'L) 

28 DATA ACQUISITION 
242 NATIONAL INSTRUMENTS 
521·522 NATIONAL INSTRUMENTS 

29 DATABASE 
225 COMPUTERWISE 
86-87 DATA ACCESS CORP 

196 

282 

211 

207 

195 


84 

194 

183 

75 


263 


263 

35 


40IS 24 

401511 


131 

138 

212 


4015 18 

150 

173 

165 

42 


141 

64 


147 

4015 10 


75 


264 

40IS 6 


263 

169 


Category No. 

Inquiry No Pll/l&No. 


111 KNOl'ILEOGEWARE INC 199 

520 MAGIC / MSE 4otS 5 


MICROSOFT CORP 8-9 


30 EDUCATIONAL 
29J.294 GLOBALINK INC 21 1 

520 MAG IC I MSE 4015 5 


l.ICGRAW HILL NA! (N A.) 192A·B 


31 ENGINEERING/ 
SCIENTIFIC 

104·105 IN'TEAGRAPH 163 

106-107 IN'TEAGRAPH (NA.) 75 

15!1-160 ITERATED SYSTEMS 164 

243 PERSONAL TEX 264 


33 GRAPHICS 
172·173 AR ISTO GRAPHIC SYSTIEMS 194 

11s-1n AT8T MULTIMEDIA S/WSOLTN 124 

79 COAaFLOIV 102 

78 COREL SCSI 39 

276 EMATEKGMBH 263 

11!1-120 NA NAO USA CORP (N.A.) 51 

163-164 PROXIMA CORP 195 

245 SCIENTIFIC ENDEAVORS 263 

543 SOFTWARE PUBLISHING 240PC 1 

543 SOFTWARE PUBLISHING 240NE 5 


35 MAIL ORDER 
190 COMPUTER DISCOUNT WAREHOUSE 232-233 

ilOtl COMPUTER OUICK 40158 

815 GREY MATIER LTD 401S 12 

11 3 PROGRAMMERS PARADISE 1s-n 


38 MATHEMATICAL/ 
STATISTICAL 

243 PERSONAL TEX 284 

141 STATSOFT 105 

142-143 SYSTAf I 183 


37 MISCELLANEOUS 
OFTWARE 

530 ON TIME MARKETING 40!522 

38 ON·LINE SERVICES 
450 81X 2n 

88 DELPHI INTERNET SERVICES 227 


39 OPERATING SYSTEM 
131 ONX SOFTWARE SYSTEMS L TO 2-3 

132 OUARTERDECK OFFICE SYSTEMS 43 

180·181 ROBERTSON.CARUSO &ASSOCIATES 42 


40 PROGRAMMING 
LANGUAGES/ TOOLS 

APPLE COMPUTER INC 11 

7Q.71 BORLAND INTE RNATIONAL 15 


COPIA INTERNATlON AL LID 194 

276 EMATEKGMSH 263 

7$-78 GREENVIEW DATA 49 

10·1 IBM CIC 1 • DEVELOPMENT TOOLS 21 

100 IBM SOFTWARE SOLUTIONS 109 

111 KNOWLEDGEWARE INC 199 

112 LAHEY COMPUTER SYSTEMS 206 

530 ON TIME MARKETING 4015 22 

126 PHAR LAP SOFTWARE INC 112 

130 POPKIN SNI & SYSTEMS INC 159 

168 POWERSOFT CORP (N A.) 56 

113 PROGRAMMER'S PARADISE 16-n 

306 SEQUITER SOFTWARE INC 237 

526 SIEMENS NIXDORF INFO 40157 

152 WATOOM C'C+- DEVELOPMENT SYSTEM 71 

153 WATCOM VX·REXX 0512 27 


Category No. 

Inquiry No Page No. 


GENERAL 


41 

64 

63 

503 

~90 

511-512 

513·514 

96-97 

533-534 

135 

627 

174.175 

43 

222-22'3 

45 

95 

75·76 

98 

538-539 

541 ·542 


46 

302 

84 

210 

118 

281 

209 

297-298 

129 


41 


227 

106-107 

282·283 

258·257 

1 1 ~120 

265 

125 

180-181 

543 

548 


48 

115 

293-294 

519 


SECURITY 
ALADDIN KNOWLEDGE SYSTEMS 46 

ALADDIN KNOWLEDGE SYSTEMS 166 

CHEAAY MIKROSCHALTEA GMBH 40IS 14· 15 

ELIASHI ,\ MICROCOMPUTERS 160 

EUTAON 4otS 16 

FAST HARDLOCK (INT'L) 63 

GLENCO ENGINEERING 139 

MARX DATENTECHNIK GMBH 40IS22 

RAINBOW TECHNOLOGIES 61 

SOFTWARE SECURITY 40159 

WIBU 42 


SOFTWARE DUPLICATION 
AXIOMATIC 264 


UNIX 
COPIA INTIERNATIONAL LTD 194 

FRAME TECHNOLOGY (N.A.) 81 

GREENVIEW DATA 49 

HUMMINGBIRDCOMMUNICATIONS '136 

LABTAM 4015 20 

UNISALES 401S 10 


UTILITIES 
ARCAOA(N A ) 185 

ALADDIN KNOWLEDGE SYSTEMS • 5 

ALLMICAO 243 

CONNER (N.A) 121 

CONSO IOATEO SOFlWARE PRODUCTS 284 

MICA02000 248 

MICAOOArA 245 

PKWARE INC 155 


WINDOW 
COPIA INTERNATIONAL LrD 1114 

FINSON 145 

GAMMA PRODUCTIONS 265 

INTERGRAPH (N .A) 75 

KUREO TECHNOLOGY INC 284 

MICAOCAL sonwAAC, INC 255 

NANAO USA CORP (N.A.) 51 

PACIFIC SOFTWORKS 286 

PERSOFTINC 173 

ROBERTSON.CARUSO A ASSOCIATES 42 

SOFTWARE PUBLISHING 2.40PC 1 

SOFTWARE PUBLISHING 240NE 5 


WORD PROCESSING/ DTP 
FRAME TECHNOLOGY (N A I 81 

GLOOALINK INC 211 

LIGATURELTO 40IS4 


49 BOOKS/ PUBLICATIONS 
BUSINESS WEEK 185 

BYlE READER 223 

COMPUTER PROFS' BK SOC (N A.) 209A·B 

COMPUTER PROFS' BK SOC (N A I 209 

NSTL 246 

OSBORNE MCGAAW·HIU 134·135 


51 MISCELLANEOUS 
BYlE BACK ISSUES (IN'TL! 4815 23 

BYlE EDITORIAL SURVEY 229 

BYlE EURODECK 199 

DYTEFIUER 204 


305 BYTE INTELLIOUEST 219 

BYlE REPAINTS (INT'L) 21J 

BYTE SUB MESSAGE 196 

OATAPRO 174--174 


156 NETWORLD 'INT"EROP 94 217 

157 NETWORLO ; INTEROP 94 (N.A) 213 
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Formore information on any of the companies CO\"erecl in articles.. columns, or nevYS stories 
in this issue.. circle the appropriate inquiry numberon Your Direct Link Carel. Eacf1 page numl)er 
refers to the firstpage of tf1e article or section in wf1ich the compa rw name appears. IS pages 
appearon~v in tf1e International edition. 
Inquiry No. Page No. 

A 
Adobe Systems 30 

1278 AdvanEdge Technologies 224 
Alta Research 78 

1329 Andataco 221 
1319 Apple Computer 38. 41 , 78, 

125, 221 
1470 Aquarius Consul:a nts 401S-20 
1317 askSam Systems 226 
131 1 Asymetrlx 226 

AT&T 103, 125, 278 
ATb.T Paradyne 59 

1151 ATI Technologies 205 
1455 ATMA Rendering Systems 401S-13 
1083 Avalan Technology 137 

B 
1288 BBN Systems and 226 

Technologies 
BellAtla~ 103 

1324 Bibo Innovations 220 
BIS Strategic Decisions 25,40 

1432 Soeder 401S-3 
1337 BusLoglc 222 
131 5 Byte by Byte 228 
1436 Byte Computer 401S-8 

c 
Cabietron Systems 113 

976 cascade Communications I 03, 113 
1339 Cayman Syst&mS 222 

CD-ROM USA 34 
11 OS, CO Technology 176 
11 25 
1290 cetestln 226 
1106 Chlnon America 176 
977, Chpcom 103, 222 
1344 
1427 CICCorrputers 401S·3 

Cisco Systems 98, 113 
1108 

Compaq Computer 78, 191 
1286 Compex 228 

CompUSA 78 
1277 CompuScl 224 

Corel 30 
1158 Creative Labs 205 
131 4 Curtis Soltware 228 
1322 Cyberbl<Xk Data Intell igence 220 

D 
1024, Datapath 401S-15, 401S-22 
1461 
1458 Datascan Technology 40IS-13 
1282 Davidson &Associates 224 
1109, DEC 38, 67, 78, 176, 191 , 205 
11 10, 1149 
1320 Delee Electronles 222 

Desktop Management Task 78 
Force 

978 DlglBoard 103 
1336 Dlgicom Systems 221 
1433 Dlglt:J.l Interactive Solutions 40IS-4 
1126 Disctec 176 

E 
1161 Eccentric Software 205 
1148 ECS 205 
1426 EIOnex 40IS -3 
1422 Enta Technologies 40IS-4 
1020 EqulSys 4015-22 

EWB and Associates 34 
1303 Excalibur 225 

Inquiry No. Page No. 

F 
1318 Farallon Computing 220 
979 Fbronlcs 103 
1089 Fmtronic 167 
980 First Virtual 103 
981 Fore Systems 103, 113 
1463 Fosgall Systems 401S-15 
1295 Four Corners Development 228 
11 11 FWB 176 

G 
Galactlcomm 32 
Galorath Associates 34 
Gartner Group 78 
Gateway 2000 40, 78 

1146 Grante Digltal 205 
1297 Gryphon Sottware 228 
1307 Gupta 225 
129'1 G'Yosay 228 

H 
1292 Hamiton Software 225 

Hew~-Packard 47, 78, 113, 191 
1112, Hlt:J.chl Home Electronics 176 
1113 
982 Hughes LAN Systems 103 
1291 HLITll'lllngblrd Communication 226 
1438 Hypertec 401S·8 

1084 IBM 14, 38, 41, 78, 113, I 51 , 278 
1152 lmageware Soltware 205 
1443 IMC 401S·8 

1nronetics Research 26 
1480 lnnelec 401S·18 
1276 lnspi'atlon Sottware 224 
1298 ln~ted Sol\ware O.;slgn 225 

Intel 14, 41, 67, 78, 113 
1076 Interactive rnage Technologies 171 

lntilrgraph 191 
International Melll Systems 38 

1160 Intuit 205 
1300 lntuson 228 

J 
1334 Jasco Research 221 
1478 John Wal<erGraphics 4015·18 

K 
Kalpana 26, 113 

1326 Kingston Technology 220 
1323 Klever 220 
11 59 Knowle<ige Adventire 205 
1275 Korax Image ProduclS 224 

L 
Lead Technologies 30 

1114 Legacy Storage Systems 176 
1341 Lexmark International 222 
1127 Lberty Systems 176 
983 LlghtSlream 103 
1330 Lml<sys 221 
1469 Loan System 401S -20 
1457 Logic Pr~mmlng 401S·13 

Assocla es 
1428 Logiech 401S -3 

Lotus Development 24 

M 
111 5 MacProduclS 176 
1331 MAG lnnoVISlon 221 
1425 MASE 401S-3 

Inquiry No. 

11 53 Maxoptlx 
1302 McGraw-Hiii 

MCI 
1460 MedCalc Soltware 
1289 Mercury lnteractlve 
1456 Metz Soltwarel Padlc 

Software 
MJCroAccess 
Microch~ Technology 

1078 Mlcrocom 
1430 Mlcrograr International 

Micrografx 
1279 Mlcrologic 
1154 Mlcronics 
1085 Mlcropolls 
1075 Mlcrosolt 14, 24, 41 , 78, 

157. 191 . 193, 278 
1128 Micro Solutions 
1473 Microware Systems 
1305 Minltab 

M~ Technologies 
1116 Mi'TorTechnologles 
1342, Mlslbishi 
1343 

984 

1444 

1117 
985 
1452 

1475 

986 
1332 
1079 
1335 

1155 
1272 

1082 

1281 
1313 
1304 
1471 

1287 
11 18 
1119 

1021 

Motorola 
Motorola Codex 

N 
NCR OEM Europe 
NEC 
NEC Technologies 
NetEdge Systems 
Network Comput1ng 

Devices 
l~etwon< Deslg ners 
Network 5pec1allsts 
Networth 
Nev.1lrldg Netwoll:S 
Ne~ Technology 

Pieter Scholtz 
11 20, Plextor 
1156 
1285 
1465 
1273 
1271 

1086 

1449 

Preferred Systems 
Prisma Otl'lce 
Pronexus 
ProtoView 

Q 
Quantum 

R 
Ranger Computers 

Page No. 

205 
228 
103 

401S-15 
225 

401S-13 

113 
67 

137 
401S-3 

30 
224 
205 
151 

Inquiry No. Page No. 

176 
40IS-16 

225 
38. 47, 67 

176 
222 

38, 41, 59. 67 
103 

4015-10 
40, 78 

176 
I 03 

401S·15 

4015-18 
26 

113 
103 
221 

Norton-Lambert 137 
Notable Te<:hnology 221 
MoveII 78. 191' 193 
No.mber Nine Computer 205 
No.mera Sottware 

0 
Ocean Isle Soltwar9 
Ohio Scientll'IC 
On the Go Soltware 
OPN sysrems 
Optl<a 
Oxford Electronic 

Plbllshlng 

p 
PacWlcMicro 
P~heral Land 

225 

137 
67 

224 
228 
225 

401S-16 

225 
176 

Phll~s Laser Magnetic Storage 176 

Phoenix Technologies 78 


4015-22 
176, 205 

225 
401S-24 

225 
224 

151 

401S-10 

1296 
1310 
1121 
1022 
1157 

1087 
1147 

1340 
1481 
1476 
1150 
1309 

1312 
1321 
1327 
987 
1325 
1077 

1306 
1081 
988 

1429 
1283 

1333 
1122 

Ray Ontko 226 
Research Systems 226 
Reveal Compurer ProduclS 176 
Rexon Europe 401S-24 
RoadRunner Compu~ng 205 

s 
Seagare Technology 
Sierra-On-Line 
Sllico nGraphics 
SoltArc 
SolU<ey lnrernational 
SonMaglc 
Software Tootwolks 
Somers&t Systems 
Spectrum Ho~e 
Specular International 
Sprint 
Spiy 
Stoiage D™nsions 
Stoiage Solutions 
stratacom 
ST Sclentric 
Sun Microsystems 
SunConnect 
super0mce 
Symantec 
Synoptics 

Communications 
SystemSolt 

T 
Tachyon 
TapWor1<s 
3COm 
30Labs 
TrneWOl1<s International 
Todd Enteiprlses 

11 23, Toshba America 
1124 Information systems 
989 Transwltch 
1299, Trlnzlc 
1308 
1080 

1423 

1338 

1301 
1451 

1274 
1088 

1328 
1293 
1280 

990 

Triton 

u 
Ulra Elecu-onles Ocean 

Syst&ms 
UlraStat 

v 
van der Roest Group 
Vision No.merlc 

w 
Wessex 
Western Dlgtll 
Wieck Photo Databases 
Wilt.el 
WlnBook Computer 
Wlnnovation 
Wolfram Research 
WordPerfect 

x 
Xedla 
Xerox 
XIiinx 
Xyptex 

z 
Zilog 

151 
205 

47 
32 
30 

222 
401S-24 
40IS-20 

205 
228 
103 
228 
220 
220 
103 
220 

161, 191 
78 

226 
137 

98, 103, 113 

78 

401S-6 
225 
113 
191 
220 
176 
176 

103 
225, 226 

137 

401S-6 

222 

226 
4015·13 

228 
151 

32 
103 
221 
226 
224 

24 

113 
25 

113 
103 

67 

276 B Y TE S Pl' F. M BER 1994 



BIK: Vour [oar:h 

to the Internet~ 


f f.>1116 Glvo BIX a try with our new 6 for Free Offer! Join BIX 

eo,. tod •V and g t 5 hours of evening nd wo k nd access (or Ire I5 hnu Take the re t of the calendar mon toe plore Bl nd thfln 

- u. continue for our stendard s 3 month l member h op leors for c. ee 
';:- fJ Funher d tails and complete rn e 1nlo1matlon r ~ 
1. provided during r gistratlon. U Ing any communications 

0 q,' program , dial 1 800-695 4882. At tho "logon" prompt emer box. 
r/lJClot'j \\\ 

Then et the " name7" prompt enter box by e39 If you hav any 

questions ca ll us at 1·800 ·695-4775 I o ice Or lax us a 6 7 49 66J2 

Send Internet mail to 1nfo@b1x.com Windows users can order BIXnav. our graphical 

interface for BtX, for easy point end click access Deta ils are ava 1labl during regostratoon . 

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 e perts can guide you through 

he many services and ea ures 

available. and help you 'ind he 

information you 're looking tor. 

Anytime you need help, jus 1oin our 

special · n erne · con erence and ge 

ast answers o your ques ions 

As you become more familiar w ith the 

In erne . you ' ll be able o download 

ties rom all over he orld using F P. 

connec to o her snes and services 

through t lnet. read and reply to 

Usene Newsgroups. access u 111 1es 

It e 1nger and w 01s. and uc more 1 

Bl and the In erne together provide 

th larges t and most effective technical 

resource or compu ing pro ess1onals 

And o er6001ocalaccess 

numbers 1n the U.S., plus telnet access 

via the Internet . BIX ma es 1t easy to 

connec Try BI oday hroug our 

special 5 or Free o er - and become 

par of the top technical team I 

EIX 

If you caH hack it 

Circle 450 on Inquiry Card. 

mailto:1nfo@b1x.com


Commentary Jon Udell 

Why IBM Should License Win32 

Win32 is growing like a weed~ sprouting new extensions 

as Microsoft takes Windows places It has never gone before 

T he million that IBM . ank 
tnlO 0 /2 bought a pearl of 
grea t va lue. Bi~ Blue now 

wn an peraung y · tern 
that uniquely combine. five key virtue ·: 
0 /2 i · small. fast, modem. 0 6-tuned, 
and mature. Do you doubt the trategi 
value of uch a thing? Micro oft doe ·n·1. 
RI machine running portable perat­
ing y tem may be the future. but you 
can't wish awa milli ns f 80x86 P . . 

H nee Chicago, whi h Microsoft 
claims will be mall (4 MB), fa t (Win­

to build application u ing thread yn­
chronization, preemptive multira king, 
and ·par e virtual memory. Some of us 
wou ld be u ing 0 12 to run tho e appli­
cation nati ely on mid- to high-end 
80x 6 P . Others would be u ing T 
to run them on high-end Rl r 0 6 
sy ·tern . Wind w -on-DO , minu ome 
ad an ed PI , could continue to erve 
the low-end 80 86 population. 

ln the real world of course, the great 
divorce of 1991 did occur. Micro oft went 
on to build Chicago. IBM ruck with PM, 

Is Chicago the ultimate OS/2 killer? 

d w: 3.1 or higher), modem (equipped 
with thread. and preemptive multitask­
ing),and Ox86-tuned.Theultimate0 /2 
killer? Maybe not. What hi ago n·t 
be, at I t in 199 . i mature. Major pai1 · 
of hicago-including it . file- y:tem 
manager, memory manager, and . ched­
uler-are. aJth ugh inspired by Windows 

T. otherwi ·e brand new. 
The comparable piece. f 0 /2 have 

been ·olidl in pla e for year . While I 
believe that Chicag will ventually pro e 
it elf a great foundation for Win32 
application .IthinkOS/2could be IBM should ditch Presentation Manager.
one. too. There' room in the world 
for both-and m re a \ ell. 1f Win32 
dominate . a. I think it wi ll. more ni he. 
for compatible ub trate wi ll exist than 
any ·ingle company can occupy. 

adly. 0 12 ha. a tragic naw. It wear. 
the "wrong'' APL Pre entation Manager, 
a ailable ince 198 . ha been dead in 
the water ince Wind ws 3.0 took off in 
1990. That' a hard truth. specially since 
PM ' imaging model wa. un urpa. sed in 
che Window realm until T appeared. 
and it· a truth that continue · to cloud 
OS/2' · future. 

I think IBM ·h uld wa ll w its pride. 
ditch PM . and license the Win 2 Pl. 
0 /2 guru Micha I K gan. n the ther 
hand , think Mier soft . h uld . wall w 
it. pride and imply u ·e the OS/2 kernel. 
Either way, we would not now be waiting 
for Micro oft to reinvent 0 12. Mo t 
Wind w programme wou ld know how 
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fai led to deli er redible Window -to-
PM conversion tool , and then embarked 
on a trategy to ho t Window· it ·e lf, 
rather than W indow application , on 
OS/2. Thi bold hack ha erved more 
people far better than mo tout ide IBM 
thought it ould. It will grow Ider yet if. 
as pr mi ed, 0 /2 gain ma tery of the 
Window VxD (v irtual device driver) 
and, through it. Win32 . 

But patching Window in memory, as 
0 /2 fi r Wind w doe w n'r take IBM 

ing OM ( y tern ObjecL Model ), i u­
al Age will h Ip build di tributed y tern 
made of reu able component . Thi class 
of LOOI could level the playing field as 
the ftrs l mainframe era and the twentieth 
century draw to a imultaneou cl e. 

IBM d e n' l need to fight in the PIM 
( per onal information manager) and 
pread heet kirmish . It needs to define 

a new era the on in which PC control 
th ba k room as well the d ktop. This 
i the company who e y terns run banks 
and airline . ft mis ion, often poorly ar­
ticu lated i to move tho e y tern · onto 
modem hardware and ofrware platfonn 
and. while doing o, to improve and ex­
tend them. To play it intend d role in 
that mi ion, 0 /2 need cool like OM 
and Vi ualAge. Butneithertoolw uJdbe 
likely to flouri h if ir did not al o support 
the volume platfonn Window . 

The ame hold true f r OS/2 it elf. 
and that' why cro -platfi rm tool , while 
nece. sary are not ufficient. IBM h uld 
bite the bullet and licen e Win32. ure. 
that will co t omething, but if Micro oft 
offer IBM term le fa orable than 
tho e offered to In ignia, the Ff and 

far in the era of Chicago. either will a 
PowerPC-based Workplace operating y ­
tern running an 0 12 per naliry that ha 
few main tream applicati n . 

To urvi e ru an operal.ing- y tern ven­
dor, IBM wi ll need a credib le Win32 
. trategy, b th f r 0 /2 and Workplace. 
What to d ? It ha ju l two ch ice. ­
convert Window application and com­
ponent or a imilate them. Both trate­
gie. merit a e ond look. 

nversi n t I like Micro oft' Win­
dows Libraries for OS/2 and Micrografx ' 
Mirror and Oasis never amounted to 

much but er . -platfonn t olkit for C, 
++, and maJllalk ha e c me on like 

gangbu. ter. in recent year .. IBM ' Vi ­
ual ge. which i · a maJltalk-based de­

velopment t o l for 0 12 and ( n) Win­
d ws, exempli fie . thi new breed of 
product. Than · to IBM ' · groundbreak-

Justice Department might reopen Lheir 
inquirie . 

Win32 i growing like a weed, prour­
ing new exten ion a Micro oft take 
Window place it' never gone before. 
Con ider te lepho ny. lBM' a llPath 
blazed the trail that T Pl the Intel / 
Micro oft telephony APT) and T API (the 
AT&T/Novell te lephony ervice APT) 
~ llow. But today, IBM doc n't get to de­
fine these or ther vital infra tructure . 
It should. given it experience wi th big, 
complex system . And it could . with a 
Win 2-equipped 0 12. An £BM/Mi ­
cro oft detent eem farfetched, but o 
did the PowerP alliance. I ay go for it. 
IBM. • 

Jon Udell is <1 BYTE senior technical editor at 
large. You can contact him 0 11 the lntemet or 
HIX at judell@bix.com. 

mailto:judell@bix.com


li1 Je::r. Call 

800--348--8351 

In an.1J:1: ·111 00-66 -302 1 


Mun-Fn7.un -':1rmCT · 'tt lO;un·t'lrm :T · tiun Jlrm-irmCT 


IKcycod # 11 EH I 



90MHz PENTIUM MINI TOWER 

Dell Dimension 
XPS P90 Mini Tower 
A Pentium Based 90MHz System 

• '~ T ,. 
• 	 16MB RAM 
•	 I[,., J l l~d0111.tlflm) 

• VS17 Monrtor (17" CRT, NI) 
I. V. lvl 

• 	 J I ~ 1 f \ y1 f ·rv1 I i I 1K ,. • :< 
T• .I•• I 

• 2561<8 Wnteback Cache 
• One Diskette Dnve (3.5') 
• Spacesaver Keyboard 
• MS DOS 6.2/Mrcrosofl Windows t 3.1/Mouse 

$3899 
Bus iness Lease: 8 140/ Mo. 
O<dor Code •500026 

60MHz PENTIUM UNDER 52000 

Dell Dimension 

XPS P60 

A Pentium Based 60MHz Syslem 

• 8MBRAM 
• 340MB Hard Dnve (13ms) 
• VS15 Morntor (15' CRT, NI) 
• PCI Video Card With 1 MB Video RAM 
• 256KB Wnteback Cache 
• One Dlskene Dnve !3.5") 
• Spacesaver Keyboard 

t •MS-DOS 6.2/Microsoft Windows 
3.1/Mouse 

Pictured system 

$1999 
B usiness Lease:$74/MO. 
Orde< Code •SOOOZJ 

MULTIMEDIA/MS OFFICE 

Dell Dimension 
466V Inter' DX2 
66MHz System 
• 	 8MBRAM 
• 528MB Hard Dnve (12ms) 
• VS15 Morntnr (15" CRT. I) 

JI jlCj 

• 	Peavey 20C• Speakers 
• One Diskette Dove (3.5") 
• 	Spacesaver Keyboard 
• 	 MS c Ill(,!-' Bo ••. s11. I . .J '" ·"" 
• MS-DOS 6 2/Microsof Windows t 3.1/Mouse 

$2199 

Business Lease:$81/MO. 
Order Code 1300030 

SM 

Ran~·1h1~h.-,r 11 1h, f<I I~ 
) /.J. P.>t('t:r a11tl .-\w•.:wtc' 

/)L.1krr1p /\ l INcnni:r 
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90MHz PENTIUM BEST BUY 

Dell Dimension 
XPS P90 Mini Tower 
A Pentium Based 90MHz System 
• f - : :{ ..... ' 

• BMB RAM 
• I sl l 1!t ar J Ji I i lfd >nv1 ( 1(11 ,::ii 

• vs1s Monitor 115• cm NI) 

I vv· 'VI~ 1r I 

• 2 	 Multi-sesslOfl CD ROM Drive 
• 256KB Externa Cache 
• On DISke e Cfl\19 (3 5") 
• Spacesaver Keyboard 
• MS· DOS 6.2/ roso11 Windows 

31/Mouse 

t 

$2999 

B usiness Lease:S111/ MO. 
Order Code 1500025 

66DX2 PROCESSOR 

Dell Dimension 466V 
Intel DX2 66MHz 
System 
• 8MBRAM 
• 340MB Hard Dnve (13ms) 
• VS15 Monitor ( 15" CRT. NI) 

• Accelerated Local Bus Video 
• One D!Skene Dnve (3 .5") 
• Spacesaver Keyboard 
• 	MS DOS 6.2/M1crosof1 Windows 

3.1/Mouse 

t 

$1599 
Business Lease:$59/MO. Busine ss L ease :S41/MO. 
Order Code 1300019 Order Code •300038 

Tu t r.k·r, Call 

800--232 --2033 

In .anada: C.111 !<00-66, -102 1 

~l 1 -t1 - Fui1m ~rm<T · 1 ICt.1m·<'rmfT · "'"" 1: f"11 ipnl i 

IKcycode # 11 EBQ I 

1L:um.d.t! u Jll>th're.d trv .\t11\tl l l1rim..'1"Y 1.1.uh on i 1(>lhn111t FLflil 

t J\l<H J r> f>1IU("1 drk: .•\.\ '>C 'l.1.:Jlt. \ u.. .,L.111• PtnoruJl t inn/I 

I ' 'S l'ntl'\ ,mJ 'f"'df1.:cJru•rn rnfl.}t'd (u 1.M11.1:< "'~'ttt r\ • 

muJ1'11ldT~ u.ml \\ .'tJlif1m' I\'-' 0'1.t..~•mtn-k o/ \lt,_11>~0/E { orri 

LOADED P60 

Dell Dimension 

XPS P60 

A Pentium Based 60MHz System 

• 8MBRAM 
• 528.'v18 Hard Dnve (12ms) 
• VS15 Monitor (15" CRT. NI) 

• 	PC! Video Card W1tn 1 B VRAM 
~ r p 

V • • 3 A.• ·1 I lO • •Na.: 

• 256KB Wmeback Cac1ie 
• One Diskette Drive (3.5"1 
• Spacesaver Keyboard 

t 
•MS-DOS 6.21Microso Windows 

3. /Mouse 

$2499 

Business Lease :$92/MO. 
Orde< Code •500029 

33SX PROCESSOR 

Dell Dimension 
433SV Intel SX 
33MHz System 
• 4M8RAM 
• :l40MB Hard Dnve (13ms) 
• VGA 800 Morntor {14 • CRT) 
• Accelerated Local Bus Video 
• One Diskene Dnve (3.5") 

• Spacesaver Keyboard 
• 	MS DOS6 icrosofl W ndows 

3.1/Mouse 

t 

$1099 
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'DIMENSIONa&'I P60 I 
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anER 
FEATURES. 
anER 
PRICE. 
anER 

CHECK IT 
OUT. 

INCLUDES 599 OPTIONAL SECOND BATIERY. 

800--437--0182 

In 'anada: Ca ll ur1 -66~-3021 

J Kc ·code# II EBP I 
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