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PENTIUM. PRO 
PR 0 CE SS 0 R 



• ln!el 200MHz Penlium• processor 
• 512KB pipeline burs!cache, flashBIOS 
• l2X EIDE CD-ROM drive, 3.5' floppy drive 
• 16-bilslereo sound &speakers 
• PCI 64-bit JD video, MPEG, 4MB EDO RAM 
•Taal-freeminilaweror desklap 
• Micrasafr Mouse, l04-key keyboard 
• Microsah Windows• 95 &MS" Plus! CD 

(J •5-year/3-year Micron Power• warranly 

• l6MB EDO RAM • l.6GB EIDE hord drive 
• 15' Micron 15FGx, .28dp (13.7" display) 
• Microsoh Works 95 CD 

$1,999 8111ines1leme568/monrh 

• J2MB EDO RAM • 2.5GB EIDE hard drive 
• 15' Micronl5FG x, .2Bdp (13.7" disploy) 
• Microsoh Office Pro 95 &Bookshelf" 95 CDs 

$2,299 8111inessl""S78/monrh 

• 64MB EDO RAM • 3.lGB EIDE hord drive 
• l7" Micron l7FGx, .26dp (15.B' display) 
• Microsoh Office Pro 95 &Bookshelf 95 CDs 

s2,899 8111iness leme199/monrh 

•WithIntelI33MHzPentiumprocessor ..... subtroel 5300 
•With Intel 166MHz Pentium processor.....sublroel 5100 

MILLENNIA TRANSPORT™ 
• Mobile Intel Pentium• processor
• Intel 430MX PCI chipsel 
• 256KB l2 pi~eline burst cache 
•BX modular CO-ROM drive 
• PCI graphics accelerator, lMB EDD RAM 
• Pick-o-Poinl" duol pointing devices integrate


both poinlin~ slick and touchpad

•Removable EIDE hard drive 
• 3.5' modular flo~py drive 
• ln!elligenl modular lilhium-ionbattery
• 16-bit stereo sound 
• Built-in stereo speakers and microphone
• 2Type II or one Type Ill PCMCIA slots 
• S-vrdeo and NTSC-video oulP.uls 
• Headphone, microphone an~ lin e-in jacks
• 2infrared ports,, one front, one hoc~ 
•Parallel, serial vGA and 2P'J/2ports
•Dimensions:ll.7' x9.4' x2.0', Weight: 6.9 lbs.1 

• Nylon carrying case 
• Mrcrosoh" Windows• 95 and MS" Plus! CD 
• Microsoh Office Pro 95 and Bookshelf" 95 CDs 
• KensinQton"securily lock ready11 

(J '5-year/3-year Micron Power• warranly 

I 6.91bs.indudes3.5'fl0jlptondonebotte~
t lo<k!t!ures bolhM!]enrtio llomPortondllJuonDo<k'" 

OPTIONS 

• ln!el200MHz Pentiumprocessor 
• 512KB pipelineburstcache, flashBIOS 
• PCl 32-bitUhra SCSI Fast-20 canlroller 
• l2X ml CD-ROM drive, 3.5'' floppy drive 
• 16-bit stereo so und &speakers 
• PCI 64·bit 30 video, MPEG, 4MB EDO RAM 
•Tool-freeminiloweror desktop 
• Microsoh Mouse, l04-keykeyboard 
• Microsoh Windows 95&MS Plus! CD 

(J •5-year/3-year Micron Power warronly 

• l6MB EDD RAM • 2GB Uhra SCSIharddrive 
• 15"Micron 15FGx, .28dp (13.7' display! 
• Microsoh Works 95CD 

s2,699 8111irn1le01el91/monlh 

• 32MB EDD RAM • 4GB Ultro ml hard dr ive 
• 15' Micron l5FGx, .2Bdp (13.7' display) 
• Microsoh Office Pro 95 &Bookshelf95 CDs 

s3, 199 8111inmleose1109/month 

• 64MB EDD RAM• 9GB Fast SCSl-2hord drive 
• 17" Micron 17FGx, .26dp (15.B"display) 
• Microsoh OfficePro 95 &Bookshelf 95 CDs 

s4,799 8111inessleose1163/mon~ 
•WithIntelt66MHz Pentium processor.......sublrocl5!00 

• l33MHz Intel mobile Pentium processor 
• l6MB EDD RAM (4BMB max.) 
• 12. l"active matrixcolordisplay, 800 x600 
• l.3GB removablehard drive 

s4,399 8~inmle01el l50/monlh 
• 133MHz mobileIntelPentium processor 
• 32MB EDD RAM (4BMB max.) 
• 12. l"activematrix colordisplay, 800 x600 
• l.3G8 removablehard drive 
•Motorola• Montana 28.8fa x/modem 
• 2nd lithium-ion baltery 

$SI 199 8~inm leme 1163/monlh 

• l50MHz mobile IntelPenlium processor 
• 32MB EDD RAM (4BMB max.) 
• 12.l"acti ve matrixcolordisplay, 800 x600 
• 2.1GB removablehard dri ve 
•Motorola Montana 28.8fax/modem 
• 2nd lithium-ion battery 
• Samsonite" leathercarrying case 

$SIS S0 8111inmleose 1174/monlh 

•With l50MHz mobileIntelPentium p1oce11or......add 5200 
•With Motorola Montono 28.8fax/modem ..........odd 5259 

•With 3Com• Ethernet lOBT PCMCIA ....................odd 5149 

•With Somsonite"leolherbog ..............................odd 599 

•With 2nd modular lithium-ion bottery ................odd $199 

•Wilh primary 2.lGB hard drive upgrade .. ..........odd 5100 

•With 2nd hard drive ll .3GBJ ............... .. ...........odd $599 

•With 2nd hard drive 12 lGBJ . ......... odd $699 

•With 16MB DIMM moduleupgrade ..odd $349 
•With 32MB DIMM moduleupgrade ......odd $749 
•MicronDock multimediaport replicalor...... ..........odd $299 

•MicronExec" deskloppockoge............................odd $799 

•With car adopter................................................odd SB9 


900 l ~nler lorxl,Hom~. ID il681 •i.oo-fri6om-IOprnlor 7om-Spm IMn •lnremotiood lolesll•111:Moofri 6om-lpm IMn •108-893-3434 • fox10~89J.3414 
•l'rrsdme Order fox 108-893-8991 •le<Mirol Supf"ll lmbo 24 lloon /l Ooys 1-8111>817-8856 •TecMim luPlolf [.moi rednupf"ll.me<@!OOortr., 

lmmutionJISaln lmemation.tlFax ~ Tolllrtt from PurnoRiro I I ToU/rrelrom.\kxiro . .... Tollfm.-fromc.an.idi
208-893-8970 208-893-7393 ..::;;;;;;; 800-708-1756 • 95-800-708-1755 .,... 800-708-1758 

Circ le 1 58 on Inquiry C ard . 

•Intel l33MHzPentium• processor 
•512KB pipeline burst cache,HashBIDS 
• 16MB EDO RAM • l.6GB EIDE hard drive 
• l2XEIDE CD-ROM drive,3.5' Happy drive 
• 16-bit slereosound&speakers 
•28.8fox/modem, speokerphone, voicemoil 
•Microsoft" Phone telephony sohwore 
•Internetready: Free 1month Spry Internetaccess; 

Microsoh InternetExplorer3.0 
•Prodigy", America Online•&CompuServe• 

lriolmemberships 


• PCl 64-bit 3D video, MPEG, 2MB EDD RAM 
•15' Micron15fGx, .28dp (13.7' display) 
• Tool-lreeminilowerordesktop 
•Microsoh Mouse, 104-key keyboard 
•MicrosohWindo~• 95 &MS• Plus!CD 
•Quicken• FinancialPokincludes: QuickenDeluxe 
5.0;QuickenFlnonciolPlanner";QuickenPorenls' 
Guidelo Money"; and Quickenfamily lawyer" 

•familyPok includes: ABC byDr.Seuss;Thinkin' 
lhings"Collection l;Earthworm Jim";and 
Mechworr io~2 

•Microsoft HomePok includ es: Works 4.0;Publisher 
Delu xe; Encorto"Encyclopedio;CD Sampler;Plus more! 

(J •5-yeor/3-yeorMicron Power• worronly 

sl,899 
•Wilh Intelt66MHzPentium proceisor..........odd5200 


• Intel200MHz Pentium9 Pro processor 
• Supportsduol Intel 200MHz Pentium Pro processors 
• 256KB infernal cache, flash BIOS 
• 12X EIDE CD-ROM dri ve, 3.5"floppy drive 
• 16-bil stereosound &speakers 
• PCI 64-bit JD video, MPEG, 4MB EDO RAM 
• Tool-free minitoweror desktop 
• Microso Mouse, l04-keykeyboard 
• Microsoh Windows• 95&MS" Plus! CD 

(J •5-year/3-year Micron Power• warranly 

• 16MB EDD RAM• 2.5GB EIDE hord dr ive 
• 15' Micronl5FGx, .28dp (13.7' display) 
• Microsoh Works95 CD 

s2,299 Businos lcasel 78/monlh 

• 32MB EDD RAM • 3.1 GB EIDE hard drive 
• 17' Micronl7FGx, .26dp (15.8"display) 
• Microsoh Office Pro 95 &Baokshel 95 CDs 

s2,799 8111inm leosel95/monlh 
• Wrth 2nd lnld 200MHz Pentium Pm ~M!llDL....Odd 1699' 
•Wrlh llJcrosoh W.dovo IIT W~kitolion 4.0CD.....odd 199 

'Require1MIWindovo lIT4.0WD1kslalion 

PENTIUM. PRO 
P R 0 C E SS 0 Fl 

•Intel 200MHz Pentium processor 
• 512KB pipelineburstcoche,HashBIOS 
• 32MB EDO RAM • 2.SGB EIDE hard drive 
• l2X EIDE CD-ROM drive, 3.5' Hoppy drive 
• 16-bit 3D Wovetoblestereo sound cord 
•Advent AV270 2x25 wott stereo speakers 
• 28.8fax/modem,speokerphone,voicemoil 
• Microsoh Phonetelephony sohwore 
•Internet ready:free 1month Spry Internet access; 

Microsoh lnlernel Explorer 3.0 
• Prodigy,America Online&CompuServe 


lriolmembmhips 

• PCl 64-bit 3D video, MPEG, 2MB EDD RAM 
• 17' Micron 17FGx, .26dp (15.8' disp lay) 
•Tool-fr ee minit ower or desktop 
•MicrosohMouse, 104-keykeyboard 
•MicrosohWindo~ 95 &Ml Mus!CD 
•Microsoh OfficePro 95 &Bookshelf' 95 CDs 
• Quickenfinancial M includes: Quicken Deluxe 


5.0;Quickenfinancial Planner;QuickenParents' 

Guide lo Money;and Quicken family lawyer 


• Family Pok includ es: ABC by Or.Seuss;lhinkin' 

Things Collectionl;Earthworm Jim;and 

Mechwarrior2 


•Microsoh HomePok includes:Works4.D;Mlisher 
Deluxe; Encorto Encyclopedia;CD Sampler;Plus more! 

(J •5-ye or/3-ye or Micron Power warren~ 

s2,899 
•Wilh Intell66MHz Pentium processor... ..............sublroct 5!00 


• Dual Intel 200MHz Pentium Proprocessors 
• 256KB internal cach e, flash BIOS 
• PCI 32-bit Ultro ml Fast-20 controller 
• l2X SCSI CD-ROM drive, 3.5"floppy drive 
• 16-bit slereo sound &speakers 
• PCI 64-bit JD video, MPEG, 4MB EDO RAM 
•Toal-free mini-towerar desktop 
• Microsoh Mouse, 104-keykeyboard 
• Microsoh Windows tH Workstation 4.0CD 
• Microsoh Office Pro 95 &Bookshelf 95 CDs 


(J •5-year/3-yeor Micron Power warranly 


• 32MB EDD RAM • 2GB Ultra SCSI hard drive 
• 15' Micron l5FGx, .28dp (13.7' display) 

s3,399 8111inmleosel131/monlh 

• 64MB EDD RAM• 4GB Ultra SCSI hard drive 
• 17' Micron 17FGx, .26dp (15.8' display) 

s4,749 8111inMsl!<llelJ61/monlh 

• 128MB EDD RAM• 9GB FastSCSl-2hard drive 
• 21 ' Micron 21 FGx, .26dp (20.0' display) 

$61999 Bu;ne11leosel220/monlh 
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.... ·····... . 

··-· ~..... 

······· ··•· 

WHATACOINCIDENCE, Wi 

When you purchase a computer system ftom Micron Electronics, you get an astonishing array offea 
ofthe highest quality available on the market. That's because Micron uses only stable, proven techJ 
industry-leading Micron Power'" warranty. 

FAST l 2X CD-ROM ·············· ·· ·················· 
········ 

200MHz PENTIUM®..... 
PROCESSOR 

32MB ULTRA-FAST EDO RAM 
UPGRADABLE TO l 28MB ........ .. .. ......... 

HIGH-SPEED 512KB 

PIPELINE BURST CACHE ......... .. ....................................... ... ............. 


EIDE OR ULTRA SCSI 
·· ···· ··· ·· ······· ···· ·· ······ ... ·· ··· ..............
HARD DRIVE 

ACCESSIBLE ·····" FULL-LENGTH SLOTS .. ......········· 


MASSIVE EXPANSION BAYS ........ 


4MB EDO HIGH-RESOLUTION ..· 

JD VIDEO ADAPTER W/MPEG.· 
..···· 

ADVANCED 

INTEL 82430HX CHIPSET ...... 


16-BIT STEREO TOOL-FREE CHASSIS 
SOUND AND SPEAKERS W/SECURITY FEATURES 



EHAPPEN TO MAKE THEM. 

tures. Additionally, you are assured that all those high-performance components in your computer are 
wlogy from well-respected manufacturers. Best ofall, the quality ofyour computer is guaranteed by the 

• 5-year limited warran ty on microprocessor and main memory 
• 3-yea r limited parts-onlysystem warranty 
• 1-, 2- or 3-year optional on-site service agreement for Micron desktop systems 
• JO days of free Micron-supplied soft ware support for Micron desktop systems 
• 30-day money-back policy 
• 24-hour technica l support 
The foregoing is subject lo and qualified by Micron's standard limi!ed warranties and terms and conditions of sale. 
Terms and conditions ol sale my vary lor specific configurations. Copies of the limited warranties may be obtained on 
our Web site or by calling Micron. 

JUtlE25. 1996 JUNE25, 1996 AUGUST 1996 JU ~l E 19 96 R[A.()£RS' CtlCX[ ¥OR ( USTC)M(l 

M ILLCtlNIA P166 MILLE WUA P 133 M ILLEtlNIA M ILLEllN!Ji P 166 5ow:E ANO RrtlASll.ITY,
Trw1sPom P133 199'1 ANO 1995 

EDITORS' CHOICE AWARDS 

MILLENNIJXM Pl 66 & Pl 33 


MS WINDOWS® 95 & 
MS OFFICE INSTALLED 



Changing the wa 

QUOVIS™ is NOTyour run-of-the-mill authoring tool. 

QUOVIS IS: 

T 	 A new kind of browser-works with and extends the capabilities of your 

WWW browser by direct, on-demand ~ccess. to your Internet resources, 

faster than any browser-with a simple click of the mouse . . . 
T 	 A development tool-no coding, no scripting, built-in windows control . . 

functions, effects, and no more lim1itations to square window frames 

T 	 A software environment-deploys Internet applications more efficiently 

than JAVA™ 

T 	 A desktop utility-provides unprecedented viewing capabilities with our 

patent-pending super-scrolling and free zoom, and an ability to create hot 

links to virtually any file or program 

Changing the meaning 

FEATURES BENEFITS 
• Simple drag-and-drop programming of sophisti­ • Reduces application development and mainte­

cated interactive applications nance costs, frees up scarce resources, and 

• Patent-pending Digital Cell Technology™ provid­ helps bring commercial products to market faster 

ing more than 80 fully debugged and compiled • Creates applications that can be universally 

executables deployed on desktops over client/server sys­

• Multiple file types supported for raster and vector tems, lntranets or the Internet/Web 

graphics, animation, video, audio and text • Allows easy gathering, organizing and sharing of 

• Superscroll or zoom any kind of large data files­ multiple kinds of data 

images, documents, even buttons-in any direc­

tion without using scroll bars or waiting for 

screen redraws 

http:ccess.to


lfze Internet is used 

Interactive mu ltimedia 

applications without the 
constraints of window 

shapes and effects. 

Sophisticated corporate 
applications deployable 

over the Internet. 

ofinteractive multimedia 

To Experience the Changing Internet, download 

our free QUOVIS Browser at: 

www.quovis.com 


OUOVIS INTERNET PRODUCT FAMILY: 


• OUOVI S Author v1 .0 

• QUOVIS Desktop v1 .0 

• QUOVIS Browser v1 .0 (Free!) 

CALL NOW! 
(800) 939-5577 

QUOVIS. 

Sofmap Future Design, Inc. 
1111 Bayhill Drive, Suite 435 mSan Bruno, CA 94066 
Phone: (800) 939-5577 • Fax: (415) 827-7301 

www.sfdinc.com 

' OUOVIS' and 'Digital Cell Technology" (patent pending) are trademarks of Sofmap Future Design Co., Ltd., within the United States and other countries. 
All other brand and product names may be trademarks and/or registered trademarks of their respective companies. 

http:www.sfdinc.com
http:www.quovis.com


88NA 1 
By Tom R. Halfhill 
Bipolar transistors give Expo­
nential's 533-MHz PowerPC 
chip the performance of an 
Alpha at an affordable price. 

EDITORIAL IN BOX 

Peace on t he Wi red Planet 19 
14 BYTE readers w rite about that 

By Mark Sch lack bandwidth barr ier and the 
Flaming's one thing, but the future o f the Internet, Web 
lack of civility on-line is ge tting conferencing, and the search 
out of control. fo r ki ller software. 

BITS 

Double Trouble 
for 56-Kbps Modems 27 

Call Centers Deliver Dat a 28 

Holiday Gift Sampler 30 

Digi ta l Cameras 32 

BYTE Survey 32 
Banking On-line 38 

Apple's New Not ebooks 34 
Tuned Into the Web 40 

Browsers for the Blind 36 

STATE OF 

Web Development 
118 

T his month we take an in­
depth look at the technologies 
that will shape the Web of 
tomorrow. 

LDAP Unites t he Intern et 
121 

By Jamie Lewis 
New directory services, 
especially Lightweight 
Directory Access Protocol, 
extend the directory metaphor 
to the Internet. 

Inte rnet Armor 
127 

By William Stallings 
Secure IP lets you use the 
open Internet with privacy 
and confidence. 

THE ART 


[] lnte1 
Q 

EJ 
E-Mail Grows Up 

135 
By Dave Kosiur 
IMAP will provide e-mail 
services and options impossible 
with the current POP. 
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EVAL 


An Open Window 

for OpenDoc 
41 

By Peter Wayner 
The promise of platform­
ind ependent reusable 
components comes closer to 
rea lity with the second beta 

o f the Open Doc toolkit for 
Wind ows95 and NT. 

Toward a More Productive 
Office in '97 

42 

By Steve Gillmor 
Microsoft 's Office 97 sets a 

new standard in applications 
software suites. 

The Power of Fusion 
47 

By Tom Yager 
N eed to manage a mi xed 

Unix/Windows environment? 
Ross's SPARCplug helps by 
combining a SparcSrati on and 

a Pentium PC. 

A (Re)Touch of Genius 
4 8 

By Joy-Lyn Blake 
f111age manipulati on ge ts 

easier and more powerfu l 
with Adobe's Photosh op 4.0. 

LAB 


LAB REPORT : HARDWARE 

Six Laser Printers 


for Workgroups 

100 


By Dorothy Hudson, Jiin 
Kane, and John McDonough 
We rest six of rhe laresr 17­

I 

WEB PROJECT 

Du a l-Mode Conferencing 
141 

By Jon Udell 
The BYTE Webmaster exp lains 

how to bring both news-style 

conferencing and Web-style 

conferencing to yo ur sire. 
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OPERATING SYSTEMS 

"' "' ~ A RISC OS for all Seasonsg 

0 
z 49 
§ By Stewart Palmer 
z 
z 
0 Tired of OSes that require 
() 

() 
acres of memo ry and huge"' g hard drives? Acorn's multi­

<f) 

UJ 
z faceted RISC OS fits in ROM 
:E 
0 and runs in just 4 MB of RAM. 
"' "' "' NETWORKS 
::; 

Ci 
" 
z 
::> The Complete ISDN 
0 
"' TelecommuterC!J 
"'() 53 
aJ " 
UJ By Jeffery N. Fritz 
C!J 

"~ A look at connecti on issues of 

"' > 
using an ISON line to supportUJ 

0 
() the home office. 

CPUs 

Super Mario Chip 
59 

By Satya Simha 
Inside rhe 64-bi t RISC pro ­
cessor that powers the new 

N intendo game machine. 

PROGRAMMING 

Direct3D Revealed 
63 

By Stephen P. Johnson 
Microsoft's Direct3 D API 
all ows 3-D applications to run 
on a wide variety of PCs. 
A seasoned progra111111er of 
device drivers explains how 
to accomplish this task. 

REPORT 


and 24-ppm network lase r 

printers fo r workgroups. 

LAB REPORT : SOFTWARE 

Lotus Notes vs. Microsoft 
Excha ng e 

112 

By Mark Hettler 
Our testing shows that Lotus 
Notes re111ains a generati on 
or two ahead of Microsoft 

Exchange, its closest group­
ware co111peti to r. 

COMPARISON 

Affordable 3-D Workstations 
145 

By Rob Hummel 
With dual Pentium Pros and 

accelerators, these PCs bring 

3-D graphics down to earth. 

The Spreadsheet War, Revived 
149 

By Richard Cranford 
Lotus's release of a 32-bit 

vers ion o f 1-2-3 fo r Windows 
rev ives rhe spreadsheet fi ght, 

but not fo r long. O ur reviewer 
examines why. 

CHAOS MANOR 

A Hot Night at the Opera 
153 

By Jerry Pournelle 
A disk erro r on Cyrus's hard 

drive forces Jerry to reach for 
several of his favo rite Win 95 
uti lities. 

WHAT'S NEW 

200 
A preview of Psion 's Siena 
hand-held information 

manager, plus a look at 
M acromedia 's FreeH and 

G raphics Suite 7. 

CODETALK 

Visual Programming 
for Scie nce 

208 

By Rick Crehan 
Ri ck checks out Visual 
Science, a mathematical 

programming and 
simulation tool. 
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CONTENTS BY PLATFORM INDEX 


WINDOWS 
An Open Window 

for OpenDoc . . . ... . 41 

When it comes to network 
integrati on and cross-platform 

support, OpenDoc has the 
edge over OLE. 

The Power of Fusion . . . 47 

SPARCplug can help you work 
in a Unix/NT environment. 

A (Re)Touch of Genius .. 48 

Photoshop 4.0 makes 32-bit 
Windows a much better graph­
ics platfo rm. 

Direct3D Revealed . . .. 63 

A programmer explains how to 

work with Direct3D, an OS­

level API fo r 3-D graphics. 

Six Laser Printers 


for Workgroups . . .. 100 

We test networked printers fo r 

print quality and speed. 

Lotus Notes vs. 

Microsoft Exchange . . 112 

Two programs take different 

approaches to groupware. 

The Spreadsheet War, 

Revived . . . . . . . . . 149 

A new Excel-and the 32-bit 

1-2-3-have us wondering if 
Excel's still the best Windows 

spreadsheet. 

A Hot Night 

at the Opera . . .... 153 


Jer ry gets an opportunity to 

exercise several Windows 95 

disk utilities after a big fil e 


transfer heads south. 

MACINTOSH 
Apple Achieves Notebook 


Parity ... ... .. .. 34 

With the PowerBook 1400 

series, the company that used 
to be way ahead now catches 
up with the o ther guys. 

A (Re)Touch of Genius . . 48 

Adobe Photoshop, the image 
manipulation program that 
helped make the Mac the pre-
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ferred machine for graphics, 

gets even better with 4 .0. 

Six Laser Printers 

for Workgroups .... 100 

QMS's 2425Ex takes first place 
in the race for fas test network 

printer fo r Mac users. 

UNIX 
The Power of Fusion ... 47 

Ross Technology ta rgets mixed 

Unix and Windows N T 
environm ents with its Sparc­

Station 20-class SPARCplug 
system. 

Birth of a Chip ... . . . 77 

R!S C 's "simpler is better" 

app roach was the fo undation 

for chips that imp roved work­

stati on perfo rmance. 

NETWORKS 
Call Centers Deliver 

Data on Time .. .. . . . 28 


The payo ff fo r CTI systems 
linked to the corporate LAN is 
up-to-the-minute info rmation. 

An Open Window 

for OpenDoc .. .. . . . 41 

IBM's OpenDoc toolki t fo r 

Wind ows 95 and NT brings us 
closer to a true cross-platfo rm 
component architecture, when 
objects can interact ac ross 

LANs and WANs. 

The Complete ISDN 

Telecommuter .... .. 53 

ISON devi ces can help you 

combine analog fax and phone 
into a digital phone line, but be 
aware of certain limitations. 

Eight Ways to the Future .85 

Ubiqui tous digital networks 
will be the lifeblood of comput­
ing and communications in the 
next decade. 

Six Laser Printers 

for Workgroups . . .. 100 

Do coworkers spend too much 
time waiting fo r the networked 
printer ? Maybe it's time to 
spring fo r one o f these 17-ppm 
or 24-ppm models. 

INTERNET 
Double Trouble 

for 56-Kbps Modems . . 27 

N ew technology sounds like it 
would speed up your on-line 
wanderings, but it a in't neces ­

sarily so. 

Browse the Web with 

Your Eyes Closed . . .. . 36 


Making it easier for peopl e 

with impaired vision to get 
around on the Web. 

Forgery Woes Force Move 

to Private Conferences 38 

Servi ce p roviders are having to 
deal with on-line impostors. 

Tuned Into the Web ... 40 


Lycos VP Sangam Pant discuss ­
es the issues of sea rching for 
sights and sounds. 

Eight Ways to the Future 85 

Our panel of experts predict 
that although the N et will 

probably disappear into the 
woodwork, it will be a fo rce 

fo r sweeping commercial and 
social changes. 
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Peace on the Wired Planet 

Everyone's aunt and uncle are now using e-mail. Unfortunately, 

so are many hostile, aggressive, and offensive people. 

rn t's the holiday season for 
many of us, and I guess I'm 
supposed to write some com­
forting words on what a great 

year it was and how I'm looking for­
ward to an even better 1997. Truthfully, 
it was a great year, and next year will 
probably be cool, too. 

Whew, that was easy, but now on to 
some tougher issues. I usually talk about 
technology in this space, but this month 
I want to talk about how we use it and 
misuse it. 

Some people operating out there in 
cyberspace have totally lost their sense of 
humor and civility. They're taking the fun 
out of it for the rest of us. I'm talking 
about the rude, hostile tone that's show­
ing up too frequently in e-mail. C'mon 
guys, this is the medium that can knit us 
together. It doesn't give a fringe group 
license to spit digitally in other peoples' 
faces. 

Don't get me wrong-I'm all in favor 
of impassioned, even intemperate, debate 
and protest. I'm a New Yorker by birth 
and conviction. I prefer outspoken to 
agreeable, contravening conventional 
wisdom to confirming it. 

What I don't like is when people 
threaten to e-mail everyone you know or 
work for if you don't do as they demand. 
Or people who accuse you of being cor­
rupt or vicious if they disagree with you. 
Or people who conduct spamming cam­
paigns, clogging your already-clogged 
inbox with hundreds of childish flame 
messages because you're not validating 
what they swore to their boss was true. 

Now it's not enough to disagree with 
someone. Statements that are merely con­
troversial become "such nonsense" or • 
"totally ignorant" or "an embarrass­
ment." Bathroom language, sometimes 
even violent language, comes into play. 
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My first reaction was, "Oh, talk radio has 
come to the Net." But e-mail lacks even 
that rough democracy, in which callers 
must at least brave the listening public 
and risk on-the-air ridicule. 

Make no mistake, the Net is going in 
two directions at once. More and more 
people are enmeshed in stimulating and 
lively e-mail threads, conferences, news­
groups, and chats. 

Unfortunately, out here on the infor­
mation highway, we also have a growing 
number ofvirtual drive-by shooters who 
are more interested in hit-and-run than 
in fighting for their point ofview. I know, 
because I reply to most of these infor­
mation vandals. I point out what I per­
ceive as the fallacies in their arguments, 
own up to the parts I think they're right 
about, and attempt to further the dia­
logue. Almost without exception, I get no 
reply. 

Our standard should be, "Would 

It's time to exert some pressure and make this behavior 
unacceptable-in the same league as obscene phone calls. 

exert some community pressure and 
make this behavior socially unaccept­
able-in the same league as obscene 
phone calls. 

A lot of highfalutin words have been 
written about the global village and the 
digital revolution. It's up to us to keep it 
from becoming the digital equivalent of 

you say these things to a total stranger, 
face-to-face?" Certainly not in my expe­
rience, at least not if you wanted to con­
tinue the conversation. And that's just 
the point. If e-mail is going to continue 
to grow into a conversational medium 
that dissolves distance and culture, it 
needs to have some level of civility. E­
mail is a tool. Archimedes said, "Give 
me where to stand, and I will move the 
earth," not "Give me where to stand, 
and I will toss the earth around until I 
get my way." 

It's not a new problem, nor one on a 
par with world hunger or AIDS. We cer­
tainly won't solve it with laws or e-mail 
filters or censorship. It's an issue of 
community: our community. It's time to 

CB radio. (A quick refresher course: This 
was a popular portable two-way radio 
medium of the 1970s that was choked by 
rude people who were making vulgar 
comments about female drivers). Refuse 
to be spammed into silence! For those of 
you who must flame, be responsible 
enough to provide some light along 
with the heat. 

If we're going to be the builders of a 
new technoculture, let's do it right. 

Mark Schlack, Editor in Chief 
mschlack&>blx.com "' "' 

O> 
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systems without soft ware and hardware assisted 
manageability tools. ttRefer$ to 32-bit perfonnance 
a..; compared to the Pentium processor. 

5.5 Million Transistors. 
(Go ahead, count'em.) 

PROU D PARTNE R 

15q,_,.,. 
Smithsonian 

The right choice for 
Windows NT,* 
Windows• 95 
or any other 
32-bit operat­
ing system. tt 
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d PentiumPro 
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d Standards-based 
1YJ management software 

d Built-in hard.ware 
1YJ mstrumentauon 
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We'd be happy to tell 

you even more. 


Just visit our Web site. 


...,. www.intel.com/ pe ntiumpro 

Manageab 


www.intel.com/pentiumpro


man"age·a· bil'i·ty, 
11, the ability to simplify and automate the maintenance 
and support of business computing with the right 
hardware and software too ls, i.e ., Pentium Pro processor­
basecl systems with the ri ght manageability software. 

llity 

The Computer Inside."' 



Do more with I es s. 

Most operating systems leave little room for important 

things. Like your application. 

With the QNX realtime OS you'll pack more functionality 

into less memory. Achieve more performance w ith 
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small Neutrino'" microkernel. 

And if you need to add the capabilities of a high-end 

GUI to your low-end system, you can . Our award-winning 

Photon microGUI '" gives you a phenomenal front end, 

with enough memory left over for important things ... 

like your application! 

www.qnx.com 
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New Software: 
Dead or Alive? 

Mark Schlack's statement in 
"Wanted: New Software" 
(October editorial) that 
"The search for the killer 
desktop app is dead" is 
parochial and wrong. The 
desktop software industry 
continues to generate new 
and interesting applications. 
Web browsers began as an 
esoteric niche only a few 
years ago and are blossom­
ing into central desktop util­
ities. As Internet connectivi­
ty improves, the impact of 
Web site and Web publishing 
software will be increasingly 
apparent. Sure, calendar 
managers have been around 
since CP/M, but the current 
generation of integrated 
scheduling, communication, 
and group coordination 
software is a new beast. 
PointCast is not just a screen 
saver but a fundamentally 
new media, infinitely cus­
tomizable, with modest 
bandwidth requirements 
and no material or supply 
costs. Rea!Audio is not there 
yet, but when Internet band­
width improves to the point 
that sustained nearly CD­
quality audio is feasible, it 
will be another killer app. 
David]. States 

Institute for Biomedical 

Computing, Washington 

University, St. Louis 

states@ibc.wustl.edu 

Well, I did say we are in "a 
golden era ofOSes, server 
software, Web stuff, and 
development tools," so I 
think we agree on a good deal 
ofwhat's exciting today. But 

I have to take issue with you 
about group scheduling. Cal­
endaring software remains 
entirely proprietary (there 's 
no standard file format, for 
example); you can't access 
the data through either the 
Web or any programmatic 
interface. In fact, the indus­
try is having to inve11t new 
e-mail that can be addressed 
on the Web just to enable 
things like commimity sched­
uling. This class ofsoftware 
also typifies my complaint 
about important repositories 
ofinformation that have a 
low level ofintelligence. 
Many e-mail packages are 
bundled with group schedul­
ing. How many will let you 
set up a rule to forward your 
in-house e-mail to an Inter­
net address when you 're on 
the road? Don 't get me start­
ed-we ought to be able to 
do more with the vast pro­
cessing power we now have. 
-Mark Schlack, 
editor in chief 

Which Bottleneck? 

First I read Tom Halfhill's 
wide-ranging feature "Break 
the Bandwidth Barrier" 
(September cover story). 
Then I read Mark Sch lack 's 
editorial about the new fast 
networks at Boston Col­
lege-clearly a major step 
forward. Then I had an 
uncomfortable thought: 
Many households will soon 
be able to connect to the 
Internet with 10-Mbps Eth­
ernet-like links. Where are 
all those bits going to come 
from? When I request a mul­
timedia offering from th e 

Disney or the Silicon Graph­
ics site, they will have to 
dedicate a 10-Mbps stream 
to me. If all the other people 
requesting the service start at 
different rimes, the band­
width of the server will have 
robe massive! Perhaps your 
next feature could cover this 
end of the problem. 
Alan C. Pickwick 

Sale, Cheshire, U.K. 

100316.3710@ 

co111p11serve.co111 

When you request data, the 
Web server receives your 
request and schedules it in 
priority to other such 
requests. It doesn't service 
your request to the exclusion 
ofall others but shares its 

bandwidth-which is limited 
by its own connection to the 
Internet-among all users. If 
the aggregate bandwidth of 
all si1nultaneous requests for 
data exceeds the capacity of 
the server's own connection, 
then somebody is going to 
wait. This will get worse as 
the number ofInternet users, 
and the amount ofband­
width they have, in.creases. 
That's why broadband 
modems are only part of the 
total solution; there will 
always be a bottleneck some­
where. Broadband modems, 
howeve1; move that bottle­
neck offthe desktop for the 
first time. 
-Torn Halfhill, senior editor 

Fat Prospects 

"Break the Bandwidth Barri­
er" offered the best explana­
tion I have seen yet of the 
real-world prospects for 
ultrahigh-speed communica­
tions. I especia lly liked the 
perspective you gave in the 
introduction, showing what 
broad bandwidth will mean 
by comparing it to improve­
ments to CPU speed, RAM, 
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and so on. Thanks for the 
good work. 
Glen W. Koehler 
Associate scientist, University 

ofMaine Cooperative 
Extension 
Orono, ME 

I enjoyed the opening com­
ment in "Break the Band­
width Barrier," asking read­
ers to imagine a 15,000-MHz 
processor, 1600 MB of RAM, 
etc., for $20, and the new 
types of applications that 
capability would spawn. I 
personally think that the 
next new word processor 
releases will have enough 
fatware to bring that system 
to its knees, like they have 
done to 486s with 8 MB! 
Daren Coppock 

&ecutive vice president, 


Oregon Wheat Growers League 

http://www.owgl.org/ 


Shrink-Wrapped 
Software 
Regarding "Wanted: New 
Software," all my recent 
applications provide every­
thing including the kitchen 
sink, take up megabytes of 
disk space, and work slower 
than the previous versions. I 
would prefer fewer bells and 
whistles, with tighter, faster 
code and no bugs! I hate to 
keep paying $100 to $200 per 
upgrade for what I receive in 
return. Mark, carry this mes­
sage back to the software 
industry. 
Michael S. Youngblood, Ph.D. 

Proprietor, Icon Graphics 
MSYB/ood@aol.com 

Adventures 
in JavaScript 
"JavaScript Adventures" 
(August) offered a refresh­
ingly real-world approach, 
but it contained some minor 
discrepancies, and I found it 
a bit too critical of Java­
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Script. First, author Rex Bal­
dazo is correct that the doc ­
ument.clear() method 
doesn't work consistently in 
any version of Netscape. 
However, there is a simple 
work-around: Use docu ­
ment. open (),which also 
clears the window, then 
write the new window's con­
tent, then use document 
. close() to finish the dis­
play. He also overlooked a 
much larger issue, though: 
Once you use document 
.open() (or document 
.cl ear(), if it worked), the 
current document-and 
hence the currently running 
script-disappears. Thus it 
would not be appropriate 
for the first example, 
although it is very useful 
when dealing with multiple 
windows or frames. Finally, 
JavaScript's documentation 
is incomplete and does 
include some errors, as does 
the language itself. Howev­
er, JavaScript is a young lan­
guage that was still officially 
beta at the time of your arti­
cle, so this can be expected 
to improve. In the mean­
time, there are Java books 
that are comprehensive and 
address the problems. 
Michael Moncur 
Author, Web Workshop: 
JavaScript (Sams.net) 
mgm@pair.com 

The document. ope n ( )/docu­
ment.write ( J/docu ment 
. c l o s e ( ) work-around is 
well known. As you point 
out, though, it overwrites a 
page and will erase your 
script unless the script is in 
one frame and writing to 
another. If it worked as 
advertised, document 
. cle ar ()would let a script 
manipulate its own page 
without the risk ofdestroy­
ing itself. While JavaScript 
may be a young language, 
Netscape and others have 
been pushing it as a way to 
develop real-world Internet 

and intranet applications. 
With JavaScript moving to 
Netscape servers as well, it is 
vitally important that it be 
well documented and, more 
important, that it work as 
advertised. Sadly, your last 
observation is also correct: 
Third-party documentation 
has often been more useful 
than Netscape's own. 
-Rex Baldazo 

Praiseworthy 
Distortion 
In "Beyond Benchmarking" 
(August} you state that one 
of the reasons SPEC92 gave 
distorted results was that the 
whole of a program could 
sometimes fit into the CPU's 
primary cache. Surely this is 
not a distorted result but is 
rather praiseworthy. Our 
expectations have been sub­
merged by today's monster 
programs. 
Derrick Simmons 

West Sussex, U.K. 

Death Spiral 

"Push Me, Pull You" (Sep­
tember Web Project) is a 
pearl. In three pages Jon 
Udell managed to bring in 
the "notification problem," 
object-oriented Web pro­
gramming, Perl, data struc­
tures, and more . I've experi­
mented with Web 
conferencing systems, and 
each time I've run into the 
notification problem. Aver­
age users will check a site 
once or twice, but if they 
don't "get" something (i.e., a 
new message), they won't 
check again. We missed this 
phenomenon in the past 
because most BBSes and 
newsgroups had huge audi­
ences, so there was enough 
activity to avoid this "death 
spiral." Soon all Internet 
e-mail systems will support 
URL recognition. A sub-

scriber-controlled notifica­
tion mechanism, like the one 
you built, will work with e­
mail URL recognition to 
build a nice collaborative 
mechanism. I'd like to be 
able to choose which discus­
sions to subscribe to, and to 
receive intelligent notifica­
tion of messages consisting 
of the subject, author, date, 
and perhaps one line of text. 
Notification could be based 
on activity thresholds, time 
intervals, or some combina­
tion of the two. 
John Faughnan 
john@umnhcs. labmed 

.unm.edu 

I have run into just the 
"death spiral" problem you 
mention. (See news://dev4 
.byte.com/321FB220.78E 
@devS.byte.com or 
http://dev4.byte.com/jocon/_ 
msg00084.html.) That spurred 
me to implement a notifica­
tion scheme to help keep 
these conferences going. On 
the news side, people can cc 
the author ofthe post they 
reply to; I could have added 
this to the Web view as well. 
But an even better solution, 
as you suggest, is to let par­
ticipants register to receive 
notification ofany new mes­
sages and let them adjust the 
frequency ofnotification, as 
they can in the Virtual Press 
Room (VPR) system I 
described in my September 
column. Thanks! 
-Jon Udell, executive editor 

Visual FoxPro 
Revisited 
Obviously BITE and NSTL 
cannot be blamed for 
Microsoft's bizarre "market­
ing" of Visual FoxPro (Sep­
tember Inbox), but you 
should have been more care­
ful when stating that VFP "is 
not on the same level as the 
products we evaluated" 
when it comes to building 

http://dev4.byte.com/jocon
http:devS.byte.com
news://dev4
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http:Sams.net
mailto:MSYB/ood@aol.com
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client/server front ends. the FPU stack registers, 

Those of us who have embedding FPU code along 

worked with VFP and at least with MMX is plain suicide 

one of the other tools evalu­ for your program. 

ated know that this is Eden Shochat 

untrue. VFP has a superior Senior progra111me1~ Shells I.F.A. 

local prototyping/remote Raanana, Israel 

deployment paradigm, its edens @n.etvision.net.il 

object model is very decent, 

and it is multiplatform. 

R. Soto FIXES 
lntelmatica@Expreso.co.cr 

The features table on page 
129 of "Running on NT" 

No-MixMMX (October) contained a typo. 
There should have been no 

To th e impressive technical check mark for Win 95 in the 
detail Tom Halfhill present­ row labeled "Runs on 
ed in reply to John Michael PowerPC-, Mips-, and DEC 
Williams' letter about MMX Alpha AXP-based RISC 
programming (September systems." The same article 
Inbox), I would like to add listed http ://www.microsoft 
one point: Using the Empty .com/hwdev/ as the URL for 
MMX State (EMMS) instruc­ Microsoft's hardware com­
tion costs 100 cycles. As you patibility list. The correct 
must perform this action to URL is http://www 
clear the in_ use attribute of . microso ft.com/hwtest/. 
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COVER STORY 

Java Reconsidered 
Is Java ready for developing corporate and commercial 
software? BYTE takes a critical look at how far Java has 

come and how far it needs to go. 

STATE OF THE ART 
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form communication; and legacy issues. 

REVIEWS 

Novell NetWare 4.11 
"Green River" is no incremental upgrade. It's Novell's first 
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HARDWARE LAB REPORT 

Big-Screen Monitors 
NSTL rounds up 17-inch-plus monitors for users who 

won't settle for anything less than .26mm dot pitch and 
1024 by 768 resolution. 
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News & Views 

ew modem technology prom­
ises to let you surf the Inter­
net almost twice as fast as you 
can with current 33.6-Kbps 

analog modems, but in some cases your 
connection won' t be any faster than the 
fas test you get today. And it appears that 
the market may have to sort out incom­
patibility problems. 

The 56-Kbps modem techno logies, 
such as the one from Rockwell Semi con­
ductor Systems, take advantage o f th e 
Public Switched Telephone N etwo rk 's 
(PSTN's) shift toward becoming a digital 
network. N ow th at many Intern et ser ­
vice providers (lSPs) and corporations 
connect to the Internet over high-speed 
digital (e.g., Tl) lines, the onl y analog 
portion of a connection occurs over the 
copper wire that's between your home 
or office and the local phone company's 
central office. Yet current modems treat 
the entire PSTN as an analog system. 

Du e to di sto rtion tha t impedes the 
pulse-code-modulation process, analog­
to-analog communications top out at 
33 .6 Kbps. But when the onl y ana log 
portion of a communications session is 
the local loop, you can theoretically send 
64 Kbps fro m ISP to end use r with out 
having to upgrade the local phone com­
pany 's equipment, as you do with ISDN. 

But one problem with this technique 
is that a number o f factors, including 
problems with equ alization and over­
head in Tl lines (e.g., robbed bit signal­
ing) , reduce th e th eoretical maximum 
that you can achieve to 56 Kbp s from 
the ISP or corporation to the home and 
just 30 Kbps from the home back to new 
centra l-site mod ems (which will also 
need to be upgraded). ISPs must have a 
digital connection to the network, and 
Rockwell 's scheme will not tol erate any 
digital conversions on the network, such 

Double Trouble for 56-Kbps Modems 

Real-world limitations and questions of compatibility lurk 

beneath emerging 56-Kbps modem technologies. 

Internet TVs Arrive 


InternetTVs that offer built­
in Web browsing and e-mail 

will come in at least two va­
rieties. One, seen here, is a TV 
from Zenith that sells for 
about $1000 and includes 
built-in Internet software 
from Diba (Belmont, CA). Oth­
er, less expensive solutions 
(about $350) will consist of 
boxes that attach to your ex­
isting TV set. Companies such 
as Philips Consumer, Samsung, 
Sony, and Zenith will begin 
shipping Internet TV products 
this fall. 

as those that take pl ace in U.S.-to-Europe 
communications. With such conve rsion, 
th e connection bit rate backs down to 
today's slower speeds. 

A second problem: standards. Seve ral 
modem companies will release fas t mo­
dems based on Rockwe ll 's technology. 
And Rockwe ll says it will submit its tech­
nology to international standards bodies. 
But Paul Kraska of modem vendor Mul­
ti-Tech says that re leas ing prestandard 
modems is "horribl y immature." 

Other companies, such as Lucent Tech­
nologies, U.S. Robotics, and Motoro la, 
are working on similar, but not identical, 
technologies. Those compani es also say 
they will submit their technology to stan­
dards committees. But with modems slat­
ed to arrive in 1997, possibly a year be­
fo re the final standard, the industry may 
find itself once again staring at a slew of 
modems that don' t work with each oth­
er. Multi-Tech will introduce a 56-Kbps 
modem at Comdex, base d on Lucent 
tec hn o logy. But Kras ka adds that th e 

company will do so reluctantly. "If our 
competito rs introduce 56-Kbps modems, 
we have to as well ," he says. "We can' t 
afford not to." -Dave Andrews 
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Call Centers 
Deliver Data 
on Time 
Whether it's serving as a help desk, an 
inbound order center, or an outbound 
marketing operation, the call center can 
be the best source of real-time marketing 
and market intelligence that a company 
has.The payoff fo r computer-telephony­
integration (CTI) systems linked to the 
corporate LAN is true, up-to-the-micro­
second details on buying trends, custom­
er complaints, accounts-receivable data, 
and other business basics. 

CTI traditionally lets users connect a 
computer or server on a LAN to a phone 
switch. The computer then moves calls 
around and gives agents a "screen pop," 
showing data about the caller. But this is 
yesterday's news. 

Today, th e computer is gra bbing a 
much larger share o f th e CTI equation. 

Super-Storage for the 
Next Century 

A new storage and networking standard 
that combines the best of the competing 
Serial Storage Architecture (SSA) and 

m Fibre Channel-Arbitrated 
Loop (FC-AL) standards 
could reign as the supreme 
Ultra-SCSI replacement. 
Commercial products based 

on the proposed interface may appear 
in 1998 or 1999. A proposal for Fibre 
Channel-Enhanced Loop (FC-EL) was 
expected to be made to the American 
National Standards Institute in October. 

The new universal interface wil prob­
ably combine transport-layer attributes 
from the current SSA standard, such as 
the ability to allow several data transfers 
to occur at once, with a 1- Gbps inter­
face. FC-EL proponents say the new stan­
dard will eliminate confusion over which 
serial storage technology will prevail. 
"FC-EL truly brings the best of both 
worlds together," says Roger Nixon of 
Xyratex's Storage Solutions Group (Hav­
ant, Hampshire, U.K., +441705 486 363), 
which sells SSA storage systems and will 
release FC­ AL products in 1997. 

Bug o~ the Month 

Look Out for that Slipstream Fix! 

Intense competition and the rapid pace of 
development in the PC industry create 

problems for corporate IS managers trying 
to establish some degree of consistency 
throughouttheir PC inventory. Systems pur­
chased from one vendor delivered months­
or even weeks-apart might contain differ­
ent motherboard and BIOS revisions and 
several brands of hard drives and video cards. 

Such inconsistencies turn system up­
grades, connectivity, and user-support issues 
into a management nightmare. And now it 
seems the beleaguered IS manager can't even 
count on consistency between identical PCs 
purchased at the same time. One IS manag­
er at a mid-size company, who spoke to us on 

Send your& to edeje&m@bix.com! 

Call-center managers are switching from 
telephony-tied operati ons to ones th at 
gather data from wherever it originates 
and from whatever medium it's gener­
ated in . T hinking of the call center's tra­
ditional role as a group of phone-answer­
ers is passe, says Max Fiszer, d irector 
of product marketi ng for CTI solutions 
at Siemens Communications ((800) 765­
6123). Call centers today take "calls" over 
cable-TV networks; via fax, modem, and 
the Internet; and fro m other computer­
centric sources. 

"We' re moving to the age of CTI as an 
enormous C, a small bit of T, and tota l 
I ," says Bob Deurr, manager of CTI prod­
ucts fo r Rockwell In ternational ((63 0) 
960-8000). Deurr says that in the call cen­
ter of the futu re, com pani es will man­
age transactions that include everything 
from a caller 's initial contact with a com­
pany to the delivery of products by way 
of a package-delivery system. 

AT&T is now fie ld-testing a new ser­
vice that lets Web surfers initiate a phone 
call with a customer-service agent fro m 
within a browser. Tradi tional network­
ing-oriented firms, such as Artisoft ( (520) 
670-7100), are reorienting their R&D to 
focus on the growing communications/ 
computer-telephony business. 

Fiszer agrees that the big challenge in 
th is trend is the integration of all the 
diffe rent parts of call centers: "The chal­
lenge is to make integration simple and 
standardized so that we don't need 50 ap­
plications for each of 50 platforms." 

condition of anonymity, reported receiving 
two new PC servers from a major PC vendor, 
only to discover that just one of the two ap­
parently identical machines would run Win­
dows NT. The other repeatedly locked up. 

Both machines were clearly marked with 
identical motherboard and BIOS revisions 
and subsystem components. Several days of 
troubleshooting by phone, plus a visit from 
a manufacturer representative, failed to re­
solve the problem. 

In the end, the mystery was solved when 
the IS manager switched system BIOS chips. 
The manufacturer later confirmed that un­
documented BIOS changes had rendered the 
system unusable with Windows NT. 

As ca ll- cente r commerce moves to 
the Web, severa l fir ms are ro lling out 
Web-based call-center solutions. For ex­
ample, NetSpeak's ((407) 997-4001) Web­
Phone can be used with an automatic call 
distributor (ACD) in a call center. A cus­
tomer's call made th rough the Internet 

Size of U.S. Call-Center Market 
ReveilleS in 6nsof delan 
2000--­

1500 

1000 

500 

0 

from a PC appears like any other inbound 
call to theACD, but it can be identifie d on 
th e agent's conso le as an Internet ca ll . 
NetSpeak provides server software and 
desktop appl icati ons, allowing a real­
time voice connection from the Internet. 

Teloquent's ((508 ) 663 -7570) Open 
@ge nt a ll ows firms to use corpo rate 
intranets as the backbone of a call center. 
T he company's Web Call Center lets 
inbound calls reach agents while the call­
er browses the Web. -Curt Harler 
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Holiday Gift Sampler
........................................................................... 


W en we asked vendors to send us products for consideration for this year's holiday 
gift section, we received a wide variety of merchandise. Some of the submitted 

products, such as new accounting programs, database-access tools, and a new 
compiler, smacked a little too much of work. But we received some more-festive ideas as 

well. Here's a sample of products to give you ideas for holiday presents. 

Men of Clay 
Forget the singing Califor­


nia Raisins. Never mind 

Gumby or Gromit. The 


Neverhood ($49.95) may be 

the ultimate adventure 


game for fans of clay ani­

mation. As the head of an 

army of Klaymen, you are 


the protagonist in a humor­

ous clay world filled with 


dozens of puzzles that you 

must solve to fulfull your 


destiny and defeat the evil 

Klogg. Stop-frame anima­


tion enables your Klaymen 

to lope through a landscape 

filled with amazingly realis­

tic 3-D clay sets, where they 

face a man-eating venus fly 


trap and other surprises. 

The action scenes are pure 


slapstick comedy-the of RAM (16 MB is recom­ its of its adventure-game 
attack of the crustacean is mended), a quad-speed or challenges, but the produc­
hilarious-and the visual faster CD-ROM, and an tion quality of this romp 

and sound effects are first­ SVGA display. The Never­ breaks the mold for its 
rate (as one would expect hood succeeds on the mer- genre. -Rob Mitchell 

Find the Perfect Beer Be AGuitar Hero 
Everything else is on CD, so why not a virtual Now guitar players can have 
wor1d tour of the wor1d's best beers? That's the as much fun with computers as 
premise behind Michael Jackson's World Beer people who play MIDI key­
Hunter ($34.95), a Windows CD-ROM from Dis· boards. G-Vox ($379 for the 
covery Channel Multimedia ((8001 678·3343; basic package) from Lyrrus 
http://www.multimedia.discovery.com). Your ((215} 922-0880) is a hard­
host is agenial beer expert (the other Michael ware/software combo for 
Jackson). There's plenty to learn here, backed by Macs or Windows PCs that lets 
audio and video clips, and you can select beers you connect any guitar 
by region. It includes links to a "beerhunter" (acoustic or electric) directly 
Web site (http://www.beerhunter.com). Other to a PC. Plug into the serial port and use any of the G-Vox software 
favorites: a pub crawl and a list of the 10 beers series to learn to play guitar or play along with some guitar greats. 
Jackson would want to have on a desert isle. This package includes full MIDI support. Great for anyone who 
lnfonnative and recommended. -Jon Pepper loves guitars and computers. -J.P. 
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from the first interactive 
game from Dream Works 

Interactive [(310} 234­
7000]} . The game requires a 

Pentium 75-MHz PC, 8 MB 

http:http://www.beerhunter.com
http:http://www.multimedia.discovery.com


New Robot Kits 
Are More 
Mobile 
Here's a gift that's both fun 
and educational. The last time 
we looked at the AK Peters 
((617) 235-2210; 
akpeters@tiac.net) Mobile 
Robot Kit, you had to add the 
motor and wheels yourself to 
create your own mobile robot. 
The new version 

includes the brains for creat­
ing a robot (processor, mem­
ory, and sensor circuitry) plus 
the body (motor, wheels, 
chassis, and other parts). As 
you program the robot on 
ei th er a PC or a Mac, you 
learn about how to make it 
react to the physical world 
(e.g., using infrared to avoid 
collisions or to seek light). 
The company plans to add 
sup port for sonar in 1997. 

New CD-ROMs 
Bring Music to Life 

Does someone on your list spend after­
dark hours prowling the Net instead 

of the nightclubs? If so, then new 
"cybrid" CD-ROMs from the 

Graphix Zone ((714) 833-3838; 
http://www.gzone.com) might be just 

the groovy thing. These discs 
combine multimedia elements with 

lin ks to related on-line sites. 
Herbie H ancock Presents Living Jazz 

($500) now 

Program your 

own robot to 

react to light, 

dark, whistles, 

or obstacles. 

($39.95) covers the music's history 
by playi ng back bits of tunes, 

interviews (such as the Doors' Ray 
Manzarek explaining how "Light 

My Fire" was based on "Ole 
Coltrane"), and rare film cl ips. 

Click on the Connect button, and 
your browser fires up and takes you to 

the Living Jazz home page, which links 
to other Web sites that cover jazz. You 
can also down load material from the 

Living Jazz site to your hard disk. 
But make sure your recipient has at 

least a six-speed drive. Anything 
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Ski-Area Screen Saver 
If your friend likes to hit the slopes, he or she will be interested in the Ski 
Area Screen Saver ($19.95) from Cylogic ((800) 295-6442; http://www 
.cylogic.com/skidata/). During a spare moment, this one lets you browse 
some of your favorite ski resorts, such as Ki ll ington and Alta. Cowab unga! 

slower, and you could transcribe a 
Coltrane solo in the time it takes to 

get from one screen to another. 
Willie: The Life and Music of Wi llie 

Nelson ($39.95) has Internet links but 
no downloadable extras. H arassing IRS 

agents also not included. Or you can 
check out the latest enhanced CDs, 

such as the Graphix Zone's Bob 
M arley: Sou l Almighty- the 
formative years ($17.98). You 

can view great interviews with 
earl y producers. -Dennis Barker and 

Dave Andrews 

Questions? wantmoregift
i ideas?ThenASk th e Net •check the Inter­

net. Practically anything you want is 
available through the Web. Want hard-to­
find audio CDs? Check out http://www 
.cdnow.com. Want some good wine? See 
http://www.virtualvin.com. Or just go to 
any of the Web-search engines, such as 
Lycos, Yahoo, and AltaVista, and ask 
away. You'll probably find it. Or you can 
check out Egghead for holiday greeting 
cards with computer themes created by 
cartoonist Bruce Bolinger. 
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Digital 
Cameras Give 
an Instant View 
Digital cameras are rapidly evolving from 
expensive toys to viable and affordable 
image-capture devices. But beyond low­
er prices and improved quality, the trend 
currently driving the market is the in­
clusion ofLCD screens in just about every 
camera that's out or about to be released. 

Six new products will sport LCD dis­
plays this fa ll. These products include 
offerings from Casio, Epson, Kodak, 
Olympus, Ricoh, and Sony and rumored 
models from Pansonic and even Sega. 

Why LCDs? Credit their immediacy, 
convenience, and pure gadget appeal. 

Sony's new DSC-Fl features an LCD and 

support for 1V output for presentations. 

Cameras with LCDs let you view the im­
ages you've snapped and delete those you 
don't like. Casio's QV-10, the first prod­
uct to offer an LCD, has drawn rave re­
views, despite marginal picture quality. 

One impressive new device, Sony's 
((800) 476-6972) DSC-Fl ($849), features 
innovations in a high-quality product. 
With 640- by 480-pixel resolution, the 
DSC-Fl can store up to 108 images at its 
lowest JPEG compression ratio, or 30 to 
58 images using higher compression 
modes at the same resolution. 

The DSC-Fl has a 1.8-inch LCD that 
you can use to review pictures or to frame 
your next picture. The camera also lets 
you take "continuous" action photos. 

Both of Olympus's ((800) 622-6372) 
offerings, the D-300L ($899) and the D­
200L ($599), have 1.8-inch LCDs and 
Olympus optics. The D-300L can store 30 
images at high resolution (1024 by 768) 
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Survey 

Intranet Purchase Plans over Next 12 Months 
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Number of respondtals who wlll buy 
(Survey sample size: 1016) 

Web-site development software and HTML (e.g., page-creation) 

software lead the list of planned intranet purchase items. 

Most Companies Now Have Web Sites 

The survey results shown in these two charts suggest that most 

companies plan to add new applications to existing Web sites. 

or 120 images at standard resolution (512 
by 384). It has built-in flash and red-eye 
reduction. The less-expensive D-200L 
stores images at a lower resolution (640 
by 480) but, like the D-300L, it includes 
auto-flash and auto-focus. Both are light­
weight and stylish and let you use the LCD 
for picture review or to frame an image. 

Epson's ((310) 782-0770) $499 Photo­
PC 500 is a smaller, higher-quality version 
of the company's Photo PC camera. It can 
store 30 images at 640 by 480 resolution. 
With proprietary memory modules, 
you can store up to 100 or 200 images, de­
pending on the resolution you use. The 

1.8-inch color LCD ($199) is optional and 
snaps onto the PhotoPC 500. 

Add to these offerings two enhanced 
models from Casio ((201) 361-5400) that 
are based on the QV-10 design (the $679 
QV-30 and the $699 QV-100), Ricoh's 
((800) 225-1899) RDC 2 ($900), and the 
Kodak ( (71 6) 724-4000) DC 25 ($499), and 
it's quite clear that there's no shortage of 
choices for LCD-based digital cameras. 
Expect to see this trend continue, with 
new players joining in over the next six 
months. In the digital-camera world of 
the 1990s, image may not be everything, 
but instant image may well be. -J.P. 
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According to Microsoft, "A UPS is an 
important part of any deployment of 
Windows NT systems .. . " Fortunately, 
APC provides the most comprehen­

sive protection against the single largest cause 
of NT data loss-power problems. APC's 
PowerChute® plus for Windows NT and APC · 
Smart-UPS combine to give you the power 
management features necessary to make 
SURE you're protected. 
•Shut down system safely-graceful , unat­
tended shutdown of Win NT & SMS Servers. 
Through scheduled shutdowns you can even 
cut energy costs by up to 76%. 
• .!.!PS testing/status-assures that system 

administrators are informed of power 

problems before they impact system integrity. 
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to configure UPS parameters, reboot servers or 
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• .Environmental/power monitoring-allows 
you to quickly diagnose power problems 
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without the expense of an electrician. 
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power problem? FlexEvents allows you to 
specify these and other customizable UPS 
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• Systems Management Servers UPS MIF 
Support permits asset management of UPS 
systems. 

SMART-UPS® & MATRIX-UPS™ & 
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Apple Achieves 
Notebook 
Parity 
With the Powe r Book 1400 series, Ap­
ple catches up with the rest of the note­
book-computer industry. The 177-MHz 
603e PowerPC processor at its heart isn 't 
news, nor is the integral PC Card slot that 
supports Type II or Type III cards. But the 
expansive 11.3-inch display (in either 
dual-scan passive-matrix or active-ma­
trix) is a major improvement, as is the 
equipment bay, which can hold a CD­
ROM drive module. The Power Book 
1400 series enables you to copy a file from 
a CD to the hard drive, eject the CD-ROM 
drive module, pop in the standard-issue 
fl oppy drive module, and then copy the 
file onto a floppy, all without restarting 
the computer. 

The CD-ROM drive, 32-bit-pixel dis­
play, and QuickTime make the 1400 an 
ideal multimedia machine. Although the 
hardware supports 16-bit CD-quality ste­
reo sound, the computer's built-in speak­
er is only monaural: You have to plug a 
pair of external speakers into the audio­
output jack to obtain full stereo sound for 
a presentation. 

Whil e th e 1400 catches up to other 
notebook designs with regard to hard­
ware, Apple ((408) 996-1010; http ://www 
.appl e.com) adds some unique design 
touches that make it stand out. For start­
ers, you can boot from a Type III PC Card, 
which allows every person in a sales force 
to put his or her own customized OS, 
applications, and data on a PC Card that 
plugs into the Power 1400. Adding mem­
ory or an internal expansion card, such 
as a modem or an Ethernet adapter, is a 
snap. You slide a panel aside and remove 
fi ve screws and a plate, an d you have 
ready access to the computer's internal 
expansion slots. With only a Phillips­
head screwdriver, in minutes you can add 
Focus Enhancements' Ethernet adapter 
or a similar expansion card. 

The Power Book 1400 carries an attrac­
tive price tag. A basic system with 12 MB 
of RAM, a 750-MBharddrive,and a dual­
scan display costs $2500. A fully loaded 
1400 with 16 MB of RAM, a 1-GB hard 
drive, an active-matrix display, and a CD­
ROM drive module sets you back only 
$3500. -Tom Thompson 
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Do What I Bid 

The word agent is used by many people 
to mean many things. Some folks want 

agents to be artificially intelligent quasi­
beings that somehow reason-or at least 
give the impression that they're doing 
something sentient. Others embrace a 
more grounded and realistic goal: They'd 
like software programs to roam the Internet 
and gather data for them. 

Mark Watson's book, Programming In­
telligent Agents for the Internet, falls into 
the latter camp. It describes, in source­
code-level detail, how to create C++ pro­
grams that can plumb the Net, gather data, 
and present a cogent summary to their 
master. The first several chapters describe 
how to wrap up the Winsock API in a C++ 
class so that it's easy to include in later proj­
ects. This class becomes the foundation 
for the rest of the book, which explores 
downloading, indexing, and parsing Hyper­
text Markup Language (HTML) files from 
throughout the Net. 

The final chapter shows how you can cre­
ate your own customized newspaper using 
the tools developed earlier in the book. This 
system will revisit major Web sites of your 
choice, download the information, and re­
format it for your screen. The code for ac­
complishing this is interlaced with text that 

describes the strategy at a high level. You 
can also grab the code directly from the disk 
that's bound into the book. 

You should be ready and willing to read 
C++ code if you dig into this book. So, if 

Programming Intelligent 

Agents for the Internet 

by Mark Watson; 

McGraw-Hill; 

ISBN 0-07-912206-X; 

$39.95 


you want to build and customize your own 
tools, it will give you many examples of how 
to structure your applications and code. 
Peter Wayner is a BYTE consulting editor 
based in Baltimore, Maryland. His latest 
book is Disappearing Cryptography: Being 
and Nothingness on the Net (Arcadia Press, 
1996). His home page is at http://access 
.digex.net!-pcw/pcpage.html. 

The Absurd, 

Incomprehensible, and 


Ridiculous Exposed 


Read Dave Barry in Cyberspace, and 
not just because it mentions Jerry 

Pournelle's BYTE column on page 4. In this 
book, Dave Barry, the Pulitzer prize-win­
ning, nationally syndicated humor colum­
nist, comes out of the closet and admits that 
he is, in fact, a complete computer geek. 
Known for his keen appreciation of the ab­
surd and ludicrous in human life, Sany now 
turns his wit to the world of computers. Nat­
urally, he strikes gold, the computer world 
holding one of the largest deposits of absur­
dity known. 

In this volume, Barry exposes, with na­
ive charm, such features of the ridiculous 
as incomprehensible manuals (and alleged 
technical assistance) , Web pages devoted 
to Captain & Tennille, and the C:> prompt. 

Besides being very funny, the book con­
tains some real insights about the comput­
er technology underlying Barry's obser­
vations. An example: Why are computers 
so absurdly difficult to use? Simple: Most 
geeks would rather diddle with computers 
than do anything productive with them 
(which I nominate as "Barry's Law"). And 
why is that? Because computers are large­
ly by and for men (proof: the most popular 
games involve killing any1hing that moves, 
and the most popular use of the Internet is 
to distribute dirty pictures), and men love to 
tinker endlessly with inanimate objects. 

Some mild profanity and sexual refer­
ences might cause you to keep this book 
out of the hands of young children. Other­
wise, read, enjoy, and laugh knowingly at 
this fun-house-mirror view of the world of 
computers. -Edmund X. DeJesus 

Dave Barry In Cyberspace 

by Dave Bany; 

Random House; 

ISBN 0-517-595753; 

$22 
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• Component-based RAD C++ 

• Drag-and-drop programming 
• Over 220 components and classes 
• Build and exploit Powerso? Data Windows 
• Native drivers for Sybasl", Microsoft, 

Oracle, lnfonnix, DB/2, and more 
• SCt1/able Sybasl" SQL Anywhere™database 
• Exceptionally tight, fast code 
• Build and debug CGl NSAPl and !SAP! 
custom application servers 

• Powersoft ObjectCycle™for team development 
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Ootima+-<-DMloperl .0 

Experts agree. Optima++ comes out on top. 

Now you can deliver extraordinary 

solutions - at an extraordinary speed. 

Optima++™ revolutionizes develop­

ment by allowing you to quickly build 

client/server and Internet applications 

using visual component assembly, 

drag-and-drop programming and the 

full power of C++. 

For diem/server development, 

the new DataWindow™ control gives 

you point-and-dick database access, 

powerful extended attributes, and 

presentation capabilities made famous 

in PowerBuilder•. For Internet <level­

opment, Optima++ delivers visual 

component assembly and seamless 

remote debugging so you can create 

high-performance applications and 

custom application servers. 

Choose the edition that's right 

for you. Optima++ Developer delivers 

approachable C++ for diem/server 

development. Optima++ Professional 

adds powerful features for the corpo­

rate developer including Data Window 
technology and Internet development. 

Optima++ Enterprise takes scalability 

and performance to the next level 

with native database drivers and 

ObjectCycle™ for team project 

management. 

So don't just read about this 

revolutionary RAD tool. Download 

your Test Drive edition today and 

let Optima++ take your development 

to new heights! 

Iii~ 
• Powersolt. 
-
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Get Optima++ Developer, Professional, or Enterprise today: 1-800-395-3525 or www.powersoft.com 
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Browse the 
Web with Your 
Eyes Closed 
Surfing the Web can be extra challenging 
if you can't see your screen. Thousands 
of blind or visually impaired computer 
users access the Web using speech, braille, 
or screen-enlargement hardware and/or 
software. If you have a PC and a visual 
disability, you probably know that it's 
possible for you to access the Web, but 
most Web sites won't work we ll with 
your adaptive equipment. 

Webmasters who don't add descriptive 
tags to the elements in their pages make 
it more difficult for adaptive programs. 
But awareness about adaptive technol­
ogy is increasing in the computer indus­
try. Microsoft is leading an ambitious ef­
fort to make adaptive technology more 
mainstream, and Netscape is investigat­
ing ways to make its software better 
support accessibility products. The com­
pany's Active Accessibility program will 
make future versions of Windows and 

Web Browser for Blind Surfers 

'1! l!'! • -· - - ,_ "" • Al This is a Web 
~ I!.! . .!:I! 11!.I !! I~ / 
""'!-I~·--·- · · •"•

I
A .i 
W 
;::.u..iv1., • • • • 
worb • • • ••• • • 

··-- - ~ 1 

---· 
Sol\Vok~ spc«.h synlbesl&er 

SeelbeSor 

DJ Pressing 
different function 

For example,':t •• 
pressing F6 ~·.. 
lets you step 
through a 
page one 
element at a 
time. 

page as seen from 
a standard 
browser. 

related app lications more accessible to 

users with vision impa irments. Soft­
ware developers can use the Accessibil ­
ity SDK, slated to ship in November, to 
write adaptive Windows programs. 

T he flagship Active Accessibi li ty prod­
uct is Microsoft Internet Explorer (MSIE) 
3.0, which has hooks to enable the screen­
reader software used by the bl ind com­
munity. MSIE works with synthesizers, 
brai lle displays, large print programs, and 
other assistive technology. 

The Productivity Works ([609] 984­
8044; info@prodworks.com) wrote its 
pwWebSpeak Web browser for the blind 
from scratch. The browser has its own 
built-in speech processor and doesn't re­
quire a separate screen-reader program. 
The browser parses a Web page's Hyper­
text Markup Language (HTML) code to 
present the information in a more speech­
fr iendly manner. And pwWebSpeak can 
drive a variety ofspeech synthesizers, in­
cluding the Sound Blaster voice card. 

With the awareness of adaptive tech­
nology among mainstream software de ­
velopers increasing, the future may loom 
a bit brighter for computer users with dis­
abi lities. -Joe Lazzaro 

BJ This is the same Web 
page as presented by 
pwWebSpeak to a blind 
user. The program can 
verbalize Web pages. It can 
also present pages in 
enlarged format. 

• • • • • ".· CJ lfa Web-page designer :" 

l has fllll!d fn a descriptive : 
• 	 tag, pwWebSpeak verbally : 

describes the Image. 

r------------, 
cd-rom review 

Lots of Words 
Here are two CD-ROMs for people who 
love words. Merriam-Webster's Vo­
cabulary Builder (MWVB) guides you 
through a series of exercises that will 
strengthen your English vocabulary. Each 
lesson introduces the common roots of a 
group of words and leads you through 

Merriam-Webster's exercises are 
a fun way to build vocabulary. 

playful exercises that skillfully reinforce 
what you've learned. 

The lessons are fun. The program pro­
nounces each new word, gives a defini­
tion, uses the word in a sentence, and asks 
to you to complete fill -in-the-blank, syn­
onym/antonym-type exercises that keep 
track of your progress. After a few weeks 
of 15-minute daily drills, you 'll be amazed 
at how many new words you've mastered. 

Random House Webster's Unabridged 
Dictionary CD-ROM recently came out 
in version 2.0. Enhancements include 
voice pronunciations, line-art illustrations, 
and a choice of English, French, or Span­
ish as the language of the dictionary 
interface. The dictionary contains more 
than 316,000 entries, of which 1500have 
been updated. A more powerful search 
engine lets you, for example, find any word 
that came into English after 1890 or any 
date you specify. -Rich Friedman 

Merriam-Webster's 

Vocabulary Builder 


Merriam-Webster, (800) 828-1880 
$29.95 

Random House Webster's 

Unabridged Dictionary CD-ROM 

version 2.0 (for Windows 3.1 and 95) 

Random House, (800) 733-3000 
CD·ROM alone, $39.95; book/CD· 

ROM package, $64.95 

L------------.J 
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Always look 

forthe mark 

of a Winner 


1111d 

Active Matrix 
Screen 

and 
Internal 14.4 
Fax/Modem 
(28.SPCMOA 
Fax/Modem 
Option) 

WmBookKJ!~ 
• lOOMHz Intel• Pentium• Processor 
• 10.4' Active Matrix ColorDisplay 
• BlOMB removable Hard Drive 
• BMB RAM expandable to 32MB 
• 256K l2 Cache 
• 3.5' 1.44MB Diskette Drive 
• 6.1 lbs 
• 14.4 lntemal Fax/Modem 
• NiMHBattery 
• 1MB Video RAM 
• Two Type II or one Type Ill PCMCIA Slot 
• 	Integrated dual-button !XJinting stick, optional 

dual-button trackball or dual-button touchpad 
• Parallel, Serial and PS/2 1XJl1S 
• One-year extendable warranty 
• Microsoh Windows" 95 installed 

$1999 Add an BX CD-flOM docking 
sration with expansionbay & 
2expansion slots for $399 

• 133MHz Intel' Pentium• Processor 
• 1JMB removable Hard Drive 
• 16MB RAM expandable to 32MB 
• 256K l2 Cache 
• 28.8 PCMCIA Fax/Modem 
• Lithium Ion Battery 

Add an BX CO-flOM docking 
station with expansion bay & 
2expansion slots for $399 

CAU. FOR OTIIER MODELS 

WmBookfK 
• 133MHz Intel" Pentium• Processor 
• 12.1' SVGA Active Matrix Color Display 
• 256K Syr;:burst l2 Cache 
• 	Options Bay accepts 6X CD-ROM. 3.5' Floppy Drive 

looth included) or Optional 2nd lithium Ion Battery 
• 59 Watt Smart Lithium Ion Battery 
• Integrated dual-button IXJinting stick,optional touch-

pad (shown) 
• Integrated Soundblaster Pro 16-bit Stereo At.dio 
• One Type II and one Type Ill PCMCIA Slot 
• 	PCI Local-bus PCMCIA Controller with Graphics 

Accelerator 
• 810MB removable Hard Drive 
• 8MB EOO RAM expandable to 40MB 
• 	Paral lel, Serial, PS,12, Game port, and one 2-way 

lnfrared!XJrt 
• One-year extendable warranty 
• Microsoh Windows" 95 installed 

~99 Call about our Power Package
~~I with3-yearWarranty 

NEW 150MHz MODEL! 
• 150MHz Intel" Pentium• Processor 
• 28.B lntemal Fax/Modem 
• 1 GB removable Hard Drive 
• 16MB EDO RAM expandable to 40MB 

~799 Upgradeto2GBHDO. 
~~ 12MB flAM-add S600 

CAll FOR OTIIER MODELS 

P133 Processor 
(P150 Option) 

plus 
12.1" Active 

Screen 
plus 

Modular Bay 
with 

6XCD-ROM 
or 

3.5"FDD 
or 

&<:ell lithiwn 
Ion Battery 

(Option) 

The Multimedia WmBookFX (P133) 

startingats:z799 
With over 30 awardsand 

counting, theWinBook· has 
made its mark as a winner. 
WinBook has built a reputation for 
havingthe highest quality, best­
designed notebooks at thelowest 
prices available. 

For theimpossible price ofl l999 
theXPSoffers you the performance 
of the power-savingIntel" Pentium· 
notebook processor with a brilliant 
active matrix screen plus an internal 
14.4 fax/modem! Ifyou're looking 
for a feature-loaded multimedia 
model, the FX delivers- from the 
swappable CD-ROM/ 3.5" disk drive 
modules and long-lasting12-cell 
lithium ion battery to thegiant 
12.1-inch active matrix screen. 

So check out our winning marks. 
Give one ofour knowledgeable reps 
a call today to help you choose the 
WinBook that's right for you and for 
additional information on the mod­
els featured here or the manymodels 
available to you. 

CALL FOR OTHER MODELS AVAILABLE 

1-800-725-3469 
Monday-Friday, 8am-9pm EST 

Saturday, 9am-4pm EST 
Use your Win BookCard, VISA, Disco\'erCard. ~'lasterCard. per­
sona l check or P.O. with credit apprO\'"JI. U.S. sales only. 30-<lay 

unconditional money-back guarantee from da1e of purchase. 

WmBool< 

COMPUTER CORPORATION 
asubsidiary of Micro Electronics. Inc. 
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Forgery Woes 
Force Move 
to Private 
Conferences 
H urdles in implementing universal dig­
ital-signature verification for Internet 
newsgroup-style message conferences 
may lead to an increasing use of private­
ly hosted discussion groups on the Inter­
net. The problem today is that it's easy 
to forge your identity, including your e­
mail address, when posting to an Inter­
net newsgroup. By changing options in 
Netscape Navigator, for example, you 
can post a message to a newsgroup that 
appears to be from someone else. 

This problem recently affected the 
newsgroup-search service Dejanews. De­
janews stores about 90 GB of newsgroup 
messages and lets you search for news­
group articles from a Web browser by 
author name, subject, and other param­
eters. The service (http://www.dejanews 
.com) at one time also allowed you to 
post to newsgroups from the Web, but 
after complaints that people were abus­
ing the service by posting wacky messages 
to newsgroups under forged identities, 
the company temporarily disabled Deja­
news' ability to let you post. 

Officials at Dejanews say that imple­
menting a solution, such as PGP or some 
other encryption technique, would be 
difficult. First, the solution would have 
to be scalable enough to handle the thou­
sands of articles that are posted on a dai­
ly basis. It would also have to be intuitive, 
easy to manage, and universal. 

"For any ofthis to work on public news­
groups, the thousands ofservers that car­
ry news would have to implement the 
same security mechanisms," says Grego­
ry Smirin, product-line manager for Dig­
ital ID services at Verisign, a provider of 
authentication products and services. It 
would also need to happen gradually, as 
security could be perceived as censorship 
and meet strong resistance. 

All of this means that privately hosted, 
nonreplicating Internet conferences will 
become increasingly popular. Managing 
the encryption keys for a smaller popu­
lation is easier than for a larger one. Plus, 
in a private conference, it's easy to delete 
inappropriate messages. -D. A. 
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Datapro Report 

Banks Eye PC Banking and the Internet 

Although automatic teller machines 
(ATMs) and telephone services are 

currently the most popular on-line banking 

services, the future of on-line banking 

growth lies in PC banking and the 
Internet. According to Datapro's 1996 
international survey of banking-technol­

ogy issues, 67 percent of banks offered 
ATMs in early 1996, and 52 percent pro-

interactive TV, primarily due to customer 
requests (see the figure "Banks' 
Motivation for On-Line Banking" below) . 

But reduced operations costs is another 
motivation for banks to adopt electronic 

banking services. 
These results may demonstrate that 

banks are attempting once again to tap 
into the home-banking market. Perhaps 

New On-Line Banking-Service Plans 

Early Late 1997 1998 No No 
1996 1996 answer plans 

ATM 67 4 2 13 14 
Telephone 52 12 8 4 11 14 

PC banking 19 19 21 8 17 18 
Internet 7 17 19 6 21 31 
Screen phone 3 3 5 2 31 56 
Interactive TV 1 1 4 4 32 58 

Source: Datapro's Banking Technology Issues: 1996 lnternatlonal Survey. 
(Questionnaires malled In early 1996.) Contact Datapro for the full version of this report. 

Banks' Motivation for On-Line Banking 

Customer requests and reduced operations costs are the 

primary motivation for banks' move toward on-line banking. 

vided telephone-banking services. 
But based on survey results, only 2 

percent of banks that don't already have 
ATMs plan to install them in 1997, com­

pared to the 21 percent and 1 9 percent 
that will offer PC banking and Internet 
banking, respectively (see the table "New 

On-Line Banking-Service Plans" above) . 
Banks are moving toward on-line bank­

ing, which includes ATMs, phone and PC 
banking, the Internet, screen phones, and 

now is the time that the retail-banking 
trend will begin to show more growth. 
Jannette Alston is a senior analyst, 
financial services industry, at the Datapro 
Information Services Group (Delran, NJ). 
For more information, call (609) 764­
0100 or contact http://www.datapro.com. 
The survey is a report from Datapro 's 
Financial Industry Technologies & Trends: 
World View, Datapro's new information 
service. 

http:http://www.datapro.com
http://www.dejanews
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Cell phone implants? Interga lactic zon ing laws? or full-height SCSI peripheral devices. O ur Data 

There's no telling what the next seven years could Express" removable drive enclosures, integrated 

. bring. But one thing's fo r sure: Your Kingston" into our DS500 chass is, provide a variety of 

storage enclosures will still be under warranty. These custom ized enclosures fo r up to 12 removable, hot­-
rugged and reliable storage systems were des igned for swappable SCSI devices. Of course, Kingston storage 

some of the most demanding environments-even the products are compatible with all major platforms. Want 

space shuttle. Plus, we offer the longest warranty in the more information? Give us a call at (800) 435-0670, 

industry. The Kingston Data S ilo®DS500 tower or rack­ or you can send us e-mail at vinnston 
storage@ kingston.com. J..'-.fft~~ o Lo G Ymount enclosure can house 3.5 -inch and 5.25- inch half-

F o r m o re i nformat i on , call u s at (800) 4 35- 0670 :~: V i s ir o ur Wle b s ir e : h rtp://www . kin gs ton. c o m/ b . htm 
SGS 
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BYTE looked at the new version, 2.0, of 

OS/2, and we liked its ability to multi­

task DOS applications while offering 

better crash protection for Windows 

programs. We noted, however, that 32­

bit QS/2 software was still waiting in the 

wings. We also delved inside Apple's 

Quicklime multimedia extensions for 

the Mac OS. 

We looked at graphics algorithms and 

modems that ran at speeds up to a whop­

ping 2400 bps. US Robotics' Courier 

2400 listed at $699. New products for 

the Amiga highlighted Bruce Webster's 

Christmas column. 

We wrote about how to get the most out 

of the color graphics features of the 

Atari 400 and 800. We also extolled the 
virtues ofon-line databases that let you 

access data without having to drive to 

the library. 

Years ago in BYTE 

What was on San­

ta's list? Perhaps 

more memory. We 
printed an arti­

cle that discussed 
how to squeeze 

the fat out of text 
strings. In addition, 

we wrote about do-it-yourself weather 

stations. Advertisers such as Sol Systems 
touted $995 make-it-yourself small­

computer kits. 

Tuned Into the Web 
Sangam Pant, vice president ofengineering 


at Lycos, discusses how best to find 


sights and sounds on the Web. 


BYTE: Lycos recently added sound- and 
picture-specific searching. How do you 
do this? 
Pant: As we do with regular HTML text 
searching, our spiders get documents 
and create abstractions of them. In cre­
ating the abstract, a spider figures out 
things such as key words. It also looks for 
some specific fielded information, such 
as who's the author of the document and 
what's the title of the document. 

But more important is that it figures 
out the key words and phrases in the doc­
ument. We use computer heuristics to de­
termine the importance of these words 
and phrases within the document. The 
advantage ofcreating the abstract is size. 
You're not storing the whole document; 
you're only storing a portion of it. Anoth­
er advantage is that you don'tviolate any 
copyright laws because you're not stor­
ing the document. 

And last-but not least-is that it 
helps us figure out what the critical pieces 
of the document are. We also compare 
the number of times a word appears in a 
document compared to the average num­
ber of times the word appears in other 
documents to determine relevance. 

BYTE: From the abstract, how do you 
identify images and sounds? I'm assum­
ing that you do more than just look for 
extensions, such as AVI and GIF. 
Pant: Anybody can do the extension 
matching and say this is a GIF, versus a 
WAY, versus an AV! file. That's the easi­

est part of it. We go a step further than 
that because we treat pictures, sound, and 
documents as similar objects, but we look 
at the characteristics of these objects. And 
we look at what describes the picture and 
sound file itself. 

BYTE: So you analyze text that acts as a 
caption for an image or sound? 
Pant: Right. But not only do we look at 
that, we look at the content of the page 
itself that contains the embedded object. 
If the entire page is talking about comput­
ers, and a person doing a search wants a 
picture of the computer, it makes sense 
that the image in question is a picture of 
a computer. You can take it a step further 
and say that if you have 15 links point­
ing to the GIF and all those links are from 
computer-oriented sites, your certainty 
that this is a picture of a computer goes 
up drastically. Links carry the most im­
portant information. 

BYTE: Are you actually doing the equiv­
alent ofoptical character recognition on 
the image? For example, does your engine 
look at just the bit map and determine, 
for example, that it's a girl with a cat? 
Pant: Not in the current version, because 
that's computationally very extensive. 
Think ofall the little pictures on the Web. 
Trying to catalog them all- and for each 
picture basically using some kind of op­
tical character recognition to figure out 
whether this is of a particular object or 
not-becomes extremely difficult. I be­
lieve the technology exists, but I don't 
think it's avai lable to be deployed at the 
volume you're talking about. 

My take on this personally is that we 
should move the onus to the person who 
creates the image. What I would really 
like is a standard that says that when 
you create the image, a bunch of meta­
tags that describe the image get created 
along with it. That would make every­
body's life a lot easier. 

For more information, see 
http://www.lycos.com 
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Windows Component Software 


Cross-platform OpenDoc comes closer to reality as IBM 
releases the Windows 95 and NT toolkits. By Peter Wayner 

An Open Window for OpenDoc 

ven Microsoft knows it: The 
desktop paradigm is quick­
ly giving way to a network­
centered computing world. 

While OpenDoc refers to an open stan­
dard for building a document-centric 
(versus application-centric) interface, the 
real power ofcomponent technology will 
be manifested when intelligent, platform­
independent app lets begin interactin g 
across LANs and WANs. IBM has deli v­
ered a key part of the puzzle with the sec­
ond beta version of its Open Doc toolkit 
for Windows 95 and NT. 

By enabling reusab le components, 
OpenDoc saves you time and effort. For 
instance, there's no need to write a text 
editor for your application; simply in­
clude a text object (called a part) in the 
document, and Open Doc ensures th at 
all calls to it invoke the built-in text edi­
tor. Ideally, you can create a range of ob­
jects to mix and match in different docu ­
ments. You can also build extensions to 
OpenDoc that become available to every 

TECH FOCUS 
Wrapping Up OLE 
For all the OLE-versus-OpenDoc battling, 

in the end the two might coexist peaceful­

ly. IBM's latest Open Doc release can embed 

OLE components and vice versa. 

OpenDoc becomes even more attractive 

in a networked environment. Most indus­

try players except Microsoft support the 

Common Object Request Broker Archi­
tecture (CORSA) as an open standard for 

cross-platform component interaction. 
Open Doc is based on IBM's CORSA imple­

mentation, called System Object Model 

(SOM), which ensures that OpenDoc parts 

will interact with other CORSA-compliant 

components across a network. Microsoft is 

relying on Network OLE and expects other 
vendors to fall in line. We'll see. 

***** Outstanding ****Very Good *** Good 

An Open Doc container can have multiple parts, 

all live at the same time. 

component in an OpenDoc application. 
We fo und that IBM's latest beta re­

lease is an imp rove ment over its pre­
decessors in both performance and fea­
tures. Besides Vi sualAge C++, the new 
beta supports Visual c++ and ActiveX, 
as well as any other System Object Mod­
el (SOM)- compliantcompiler. To create 
a new part, yo u just fill in a few boxes 
and let a new tool, PartMeister, produce 
the C++ OpenDoc interface code. 

Developers need only drop the new 
Open Doc Web Pak and Multimedia Part­
Pak components into their applications 
to enable support for Hypertext Markup 
Language (HTML), Java applets, and Net­
scape plug-ins. With the multimedia com­
ponents, an application gains support for 
a range of media fil es. 

Since we were testing a beta version 
of the toolkit, we found many more bugs 
than we'd like. For instance, there's some 
confusion when an object asks to be edit­
ed in place in a document, and other por­
tions of the document can obscure menus. 

** Fair * Poor 

Plus, screen updating is often done incor­
rectly. But these are easily fixable . 

For now, OpenDoc should be ofgreat 
interest to developers in cross-platform 
shops, since it's available for 05/2 Warp, 
Mac OS, AIX, and Windows 95 and NT. 
Corporate programming teams will be 

RATINGS 

TECHNOLOGY * * * * * 
IMPLEMENTATION * * * * 

particularly attracted to OpenDoc as a 
strategy for building specialized, reus ­
able parts and deploying them through­
out an enterprise . As it matures into a 
network-aware, platform-independent 
framework, OpenDoc could revolution­
ize the software industry by delivering a 
true component architecture for enter­
prise applications. llJ 

Peter Wayner is a BYTE consulting editor and 
freelance writer livi11g in Baltimore, Maryland. 
You can reach him at pcw@access.digex.net. 
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Applications Suite 

Microsoft raises the suite standard with better, smarter, 
easier-to-use productivity applications. By Steve Gillmor 

Toward aMore Productive Office in '97 
• ••• ith Office 97, Microsoft adds 

more user-friendliness and 
automation to ever-greater 
Web integration. Shared 

code, suite-wide Visual Basic for Appli­
cations (VBA), and the new Outlook col­
laborative information manager shou ld 
help Office remain the market leader. 

Outlook is the new hub of Office, 
replacing both Schedule+ and Win95's 
Exchange Inbox with innovative messag­
ing, scheduling, lists, and groupware tools. 
AutoCreate converts e-mail to appo int­
ments or meeting requests, AutoName 
and AutoAddress separate input into 
fields, and AutoJournal records events 
from all Office applications. 

Microsoft has streamlined the user 
interface with drag-and-drop toolbars, 
tear-off menus, and shared components. 
In Office Assistant, a better Answer Wiz­
a rd, an im a ted characters guide you 
through tasks. It's smart, but the help 
screens become annoying. 

Much more intuitive is Word 97's 
Grammar Check, which highlights errors 
on-the-fly. The program analyzes con­
text, correctly handling the difference 
between it's and its (but not two and too). 
Spell-It and AutoCorrect are integrat­
ed; you can right-click, replace, and add 
frequent misspellings in one action. 

Word 97 adds versioning, in-place 
comments, and a spl it-screen, hyper-

RATINGS 

* * * * * TECHNOLOGY 

IMPLEMENTATION * * * * * 
PERFORMANCE * * * * * 

linked document map. You can wrap text 
around irregular objects and link text 
boxes across multiple pages . Word 
detects macro viruses and converts Word­
Basic macros to VBA. 

Excel 97 formulas speak English; you 
can type" =cost/sales" instead of normal 
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Outlook, the newest Office application, 

helps integrate many tasks. 

cell references or named ranges. Formula 
AutoCorrect handles 15 common for­
mula errors, such as unmatched quotes. 

Excel can now rotate text, indent cells, 
and handle multiple undos. You can drag 
horizontal and vertical page breaks in Page 
Break Preview mode. Chart Tips identify 
chart elements, and you can add a table 
ofdata values below any 2-D or 3-D chart. 
Shared workbooks now all ow interac­
tive formatting, adding, and deleting of 
cells. You can track changes, merge work­
books, and create personal views with­
out affecting other peoples' settings. 

PowerPoint files are automatically 
compressed/decompressed on saving/ 
launching-with no perceptible speed hit. 
Multimedia additions include action 
buttons, a kiosk mode, voice narration, 
and AV I movie support. An intelligent 
Expand Slide feature takes too-busy text 
screens and generates multiple slides with 
comparable hierarchy. The Slide Finder 
lets you preview, retrieve, and archiv e 

***** Ouistanding 

slides on a network. Spell-It, VBA, and a 
macro recorder now join Power Point, and 
o ne PowerPoint file can store multiple 
slide shows. 

The Access 97 database reflects 
Microsoft's Web strategy with Internet 
and partial table replication, a new hyper­
lin k data type, and static and dynamic 
Web publishing of forms, reports, and 
queries. If a form or report has no VBA 
code, Access creates a fast-loading "light­
weight" version, and th e Make.MOE 
command speeds things up even more by 
removing source code. 

Office 97's new features, especially 
such unique tools such as the Journal's 
Timeline view and AutoPreview, which 
displays the first few lines of messages 
and documents, show how Microsoft 
thinks we'll work in the future. m 

Steve Gillmor, ofSouthern Digital, has exten­

sive experience with groupware applications. 

You can reach him at sgillmor@aol.com. 
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Ascreen wide enough to surf two web sites at once. 

WW Or, you can do a spreadsheet without having to scroll back and forth. That's because 

WIDENOTE our new WideNote™ screen is very wide-11.2" measured diagonally. But only 5.6" high. 

Resu lting in a tiny footprint and a weight of only 4.6 lbs. You 'll find that same intelligent thinking inside 

WideNote... a 133MHz Pentium processor, a 28.8 kbps fax/modem and a l. lGB hard drive. How will 

all this affect our lead in LCD technology? It'll only make it wider. 

TSmarter Notebooks™ SHARP. 
1-800-BE-SHARP • www.sharp-usa.com FROM SHARP MINDS 

COME SHARP PRODUCTS"' 

http:www.sharp-usa.com
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'
''Our competitors are solidly behind us." 

20-50% behind us, to be exact. 

• PCI, EISA and ISA 
• Upgradable to hardware RAID and caching 
• Bus-mastering with on-board processor 
• Support for all major operating systems 
• New: Ultra SCSI models now available 

Megabytes per sec. 

This chart from the May, 1996 issue of PC Magazine (UK) shows the results described in their 
review of SCSI adapters entitled "Survival of the Fastest'~ According to PC Magazine, 

"SmartCache IV was demonstrably quicker than the other two [boards tested]." 
(Adaptec 2940UW and Buslogic BT-958). 


Here's your chance to get ahead of the competition. Call for more information about 

SmartCache IV SCSI adapters and modules. You'll see why we say: SmartCache, Smart Choice! 


' 
1-800-860-4589 


BiDPT. 

Distributed Processing Technology 

C ircle 134 on Inquiry Card. 

140 Candace Drive, Maitland, FL 32751 •Tel: 407-830-5522 • Fax: 407-260-6690 • sales@dpt.com • http: //www.dpt.com 

http:http://www.dpt.com
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I Unix System 
-------; 

It 's Unix inside! The SPARCplug is a SparcStation­
compatible add-in for Pentium systems. By Tom Yager 

The Power of Fusion 
• ••• 	 hen yo u 're building an In­

ternet server, whether for in­
ternal or external access, you 
face a dilemma: Some soft ­

ware packages run best on Unix, whi le 
others benefit from Windows NT's ease 
ofuse. Many shops (including mine) mix 
operating environments to gain access to 
all the best software. But this solution is 
costly, in terms of both cash and space . 

Ross Technology offers an innovative 
solution to the problem of multipl e OS 
personalities: Run Unix and NT in th e 
same box-not alternately, but simul­
taneously. Ross's SPARCplug is a Sparc­
Station 20-class workstatio n ho used 
entire ly in a full-height, 5 Y.i -inch dri ve 
enclosure. (The unit that Ross supplied 
for this review was already built into a 
Dell Optiplex PC.) You can also buy the 
SPARCplug unit alone and do your own 
integration. In that case, the on ly draw­
back is that you have to add a special con­ ti on 20, even down to the SBus and MBus list price of just over $10,000. That price, 
nector to your power supply. Ross doc­ expansion cards. Ross supplies a connec­ by th e way, does not include the extra 
uments the required modifications. tor panel that lets you attach a Sun-com­ 64 MB of RAM included with the review 

The SPARCplug's fusion with the host patible keyboard and mouse; it also con­ unit. Pricing fo r th at upgrade was not 
PC is managed entirely through a 1 OBase­ nects you to the SPARCplug's on-board avai lable at press time. 
T Ethernet cable. As you do when devel­ digital audio. There's no displ ay connec­ The best prospects for the SPARCplug 
oping Internet applications in a non-net­ ti on on the back panel, however; Ross are users who must run Solaris/SPARC ap­
worked environment, you simply bridge gives you a patch cab le that connects th e plications. Having Windows NT a mouse­

SPARCplug's serial port to the host PCs. click away eliminates th e downside of 
, RATINGS 

You can view th e SPARCplug's conso le choosing on ly one OS. I am solidly im­
TECHNOLOGY * * * * * th ro ugh the serial port du ring the boot pressed by the SPARCplug, bur there 's 

IMPLEMENTATION * * * * process and then connect via X Window one drawback, besides slow data trans­
System once Solaris is running. fer to and from th e PC host : excessive 

the SPARCplug's Ethernet port to your Ross deserves considerable credit for noise. This is definitely not a system for 
PCs with an included cable. To reach the innovation. The SPARCplug outstripped a developer 's desk. The tripl e fans set 
outside world, you must connect both my performance expectati ons, helped up an amazing racket for such a small 
systems to your LAN. Communicating by its 128 MB of RAM and dual 100-MHz chassis. But even if you have to invest in 
between systems in this way reduces the SPARC CPUs. T hi s configuration a lso some earplugs, the SPARCplug is an excel­
hassles of more proprietary meth ods ships wi th some serious software: Net­ lent value. Even if you don't much value 
(e .g., SCSI), but it slows all your trans­ scape's Fast Track Web server, Netscape's the PC, a dual-processor SPARC system 
fers down to the speed of the Ethernet Navigator Gold browser and authoring for $10,000 is worth lining up for. rn 
link. For most of us, that's about 1 MBps. tool, and Hummingbird's eXceed X Win­

The SPARCplug appears to Sun's So­ dow Server and Maestro NFS server. All Tom Yager is a free lance writer and consul­
laris OS as-and is purportedly 100 per­ that comes packaged in a Dell 133-MHz tant based in Fort Worth, Texas. He can be 
cent compatible with-a Sun SparcSta- Pentium system with 32 MB of RAM for a reached at tyager@maxx.net. 

The SPARCplug fits into a full-height, 51/.-inch drive bay. 

1OBase-T Ethernet connects it to the PC. 
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Image Manipulation Software 


Photoshop 4 automates many procedures and adds new layers offeatures, 
making it more powerful and easy to use. By Joy-Lyn Blake 

A(Re)Touch of Genius 
ong the grap hic artist's first 
choice for image manipula­
tion, Photoshop is now even 
better than before . Release 

4.0, which I worked with in beta form on 
a PowerMac, incorporates more func­
tions and is easier to use. Two areas stand 
out: combining operations and undoing. 

The batch processing capabi lity in 
Photoshop's customizable "action lists" 
is we lcome. Se lecting "New Action" 
from the action palette brings up a dia­
log box that lets you start recording-the 
action list includes those steps you click 
"OK" on and excludes those you cancel. 
Make a mistake and yo u can a lways 
"Record Again" with new parameters. 
These actions are stored in files for future 
use, and you can append them to anoth­
er action list . Dia log steps can be tog­
gled on or off, depending upon what you 
want to do to the image you're working 
on, which is important if the settings vary 
from image to image. The action palette extend this power. Layer masking lets navigator palette scales the image quick­
supports drag-and-drop, so yo u can you control which areas ofa layer are hid­ ly in continuous zoom levels from .13 to 
quickly customize actions and create new den or revealed. The mask can apply to 1600 percent. The fi lter menu now 
ones. The actions have ti es into OLE th e entire layer or to a selection within includes Adobe's updated Gallery Effects 
Automation and AppleScript. the layer. The adjustment layer also acts collection of 32-bit brush strokes, dis­

Some of Photoshop's flexibility as a mask; you can make changes to a lay ­ tortions, and textures. 
comes from its abili ty to manipulate an er-to see the effects of the alterations­ The only annoying feature I fou nd is 
image in layers. Two new layer formats without actually changing the image. You the way Photoshop handles text, insist­

can make color and tonal adjustments ing on placing each new item of text in its 
without degrading image quality. You own layer. You can fix this after the fact, TECH FOCUS 
can't merge adjustment layers, and a 

RATINGSProof of Artistship single layer can specify only one type of 


An innovative addition that professional change, but these layers provide enor­ TECHNOLOGY * * * * * 

artists will welcome is built-in support for mous flexibility. However, adjustment IMPLEMENTATION * * * * * 

copyright protection, based on the layers won' t work with a masked layer. 


PictureMarc technology developed by Until someone finds a way to support but it's no fun to "merge down" 13 layers 


Digimarc (Portland, OR). The artist can multiple undos in a raster domain, the of textorto turn off all except the text lay­


embed into a finished image an impercep­ "free transform" capability will have to ers and "merge visible." Despite this minor 


tible digital "watermark." Regardless offur­ do. One step can combine scaling, per­ flaw in the program, I've already put in my 


ther processing, this watermark can 't be spective, and rotation, and a single com­ order for the shipping version. ll1 

removed or hidden. When a marked file is mand wi ll undo everything. 

viewed in Photoshop, the embedded copy­ Photoshop now includes guides and j oy-Lyn Blake is a production associate in 

right information is visible. grids to simplify layout and alignment. BYTE's New Media department. Yott can reach 

Plus, dragging the slider control on the her at joylyn@bix.com. 

Combining text, graphics, and special effects is 


Photoshop's bread and butter. 
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Operating Systems 


Acorn's OS is ideal for embedded applications, yet it 
scales up to operate desktop computers. By Stewart Palmer 

ARISC OS for Al ISeasons 
!SC OS is a general-purpose 
32-bit OS developed over a 
10-year period by Acorn 
Computers . Originally in­

tended to offer an easy-to-use GUI envi­
ronment for users of the Acorn RISC 
machine-based (ARM) desktop computer, 
it has evolved into a low-footprint, gen­
eral-purpose OS . Acorn designed it to 
execute entirely from ROM and share 
resources. Thus, a fully configured sys­
tem requires only 4 MB of RAM to func­
tion. Such a system can be operational 
in seconds after being switched on. It is 
therefore an ideal vehicle for low-cost, 
high-performance applications on a vari­
ety of platforms, ranging from simple 
embedded systems to set-top boxes to 

network computers. However, RISC OS's 
modular architecture allows it to sca le up 
in capabilities so that it can drive multi­
processor workstations. 

Kernel Features 
Since RISC OS began on ARM-based sys­
tems, it operates on ARM610, ARM700, 
ARM7500, and StrongARM micropro­
cessors. RISC OS 's compact code size and 
high performance come from the use of 
ARM assembly language, although por­
tions of it are in C. Many of RISC OS's ser­
vices (e.g., file systems, font rasterizer, 
and GUI) are implemented as system 
expansion modules. You can separate and 
recombine these modules in a variety of 
ways to produce new versions of the OS 
that meet the specific needs of a particu­
lar hardware environment. 

The kernel provides basic services such 
as memory allocation, interrupt han­
dling, and OMA services, plus video-dis­
play generation and control. Memory is 
dynamically allocated from a free pool. 
Memory blocks are assigned one of sev­
eral protection levels to limit a program's 
access to certain areas of memory. 

RISC OS runs primarily in three of the 

four execution modes that the ARM 
processor supports. These privileged 
modes are interrupt mode, fast interrupt 
mode (a high-priori ty interrupt) , and 
supervisor mode. You activate the latter 
mode by a processor-specific software 

processor time to operate effectively. 
Like OS service calls, modules use the 

SWI instruct ion as their entry point . 
Because RISC OS's SWI handler uses a 
RAM-based interrupt vector tabl e to 
route most system calls, you can modify 

RISC OS Service Calls 
$ Handler parses data in 

@>Vectors in table point
0 Application executes insbuction, directs execution 0 Routine executes,to system expansion

SWI instruction. to kenrel routine address or to 
modWe routines. perlomilW senice.alocation in avector table. 

RISC OS SWI ~ ~11
exceptionapplication l handler 

IKeml ouline I 
• ~ 

D Application RAM-based ......... ~1 
code 

• 
vector table 

I0Kemelcode I 
and data 

0Third-party 0 Execution returns System expansion modules can "claim" 
code to appicalion. vectors and reroute execution to routines that 

provide enhanced or new capabifrties. 

User mode Privileged mode 

The mechanism for handling service calls allows 

new features to be added easily to the OS. 

interrupt instruction (SWI) that RISC OS 
uses to enter system routines or system 
expansion modules. RISC OS also uses 
certain SWI calls to communicate wi th 
different parts of itself or to converse 
with applications. The fourth mode is, of 
course, the unprivileged user mode that 
RISC OS applications use. 

RISC OS implements multitasking by 
using a cooperative mechanism, where 
on ly one process is active at a time and 
must periodically yield the processor so 
that other processes get execution time. 
Neither the kernel nor system expansion 
modules are multithreaded. However, 
because much of the OS code is interrupt­
driven, major OS processes get enough 

this table to reroute calls to another mod­
ule. (Not all kernel calls get directed 
through the vector table, and you can't 
modify such routines.) A system call lets 
you "claim" a vector, making it easy to 
add a module that offers enhanced capa­
bilities to existing services, or provide 
new OS functions, as shown in the figu re 
"RISC OS Service Calls." Modules must 
be both relocatable and reentrant. These 
requirements enable a module to be 
loaded into any section of memory (relo­
catable) and its code to be shared by sev­
eral applications (reentrant), thus mak­
ing the best use of memory. 

Acorn built networking into the OS. 
It is largely based on BSD 4.4 Unix. Unlike 
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Unix, RISC OS offers well-defined inter ­
faces so that drivers or protocol stacks 
integrate easily into the kernel. TCP/IP is 
included as standard, with support for 
peer-to-peer networking that allows the 
easy sharing of disks and printers. NFS is 
also available, as are LAN Manager pro­
tocols (over N etBEUI or IP) . A common 
desktop filer interface gives you a seam­
less view ofall attached network resources. 

Acorn Replay offers both application 
developers and users a simple, layered 
architecture dedicated to rendering time­
base d media such as audio and full ­
motion video. The Replay architecture 
is interrupt-driven and incorporates a 
clipping module that allows full and par­
tial overlays of video windows on th e 
desktop . The initial layer of the archi­
tecture is a Recognizer that determines 
what type of file container is to be oper­
ated on. Supported containers include 
the native ARMovie format, AV!, WAY, 
and MPEG. The second Replay layer, 
the Fetcher, transforms data held in the 
file container into a standard format that 
is interpreted by the appropriate Decom­
pressor. A final layer, the Painter, renders 
decompressed data into a window. Each 
layer of the Replay architecture is capa­
ble of being exten ded by third-party 
developers. 

System Expansion 
Modules 
While the kernel provides low-level ser­
vices such as 1/0, system expansion mod­
ules implement RISC OS's higher-level 
services. Such services include file 1/0, 
drawing and maintaining a GUI, and 
responding to user events. While RISCOS 
has many system expansion modules, I'll 
describe only two of them here. 

The most visible and complex system 
expansion module is the Windows Man­
ager. Responsible for implementing RISC 
OS's windows, icons, menus, and point­
ing device (WIMP) graphic interface, it is 
frequently referred to as the Wimp. Be­
sides drawing and maintaining RISC OS's 
GUI, the Wimp also handles user events, 
starts and terminates applications, sup-

WHERE TO 	 FIND 

Acorn Rise Technologies 
Cambridge, U. K. 
+44 1223 577817 
fax: +44 1223 577900 
sales@art.acorn.co.uk 
http://www.art.acorn.eo.uk/ 

ports the cooperative multitasking mech­
anism, implements an applications inter­
communications protocol, and performs 
some memory management. In short, it 
is the linchpin of RISC OS's operations. 
Many other system expansion modules 

------1 CDFS Filer 
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The Task Manager lets you dynamically assign 

memory to OS processes or applications. 

(e.g., the Font Manager and th e Replay 
architecmre) provide support services for 
the Wimp. 

The RISC OS Font Manager provides 
antialiased outline fonts. Small text is 
highly legible when viewed on low-res­
olution displays. Such text even retains 
its crispness on systems using TV screens 
because of an antitwittering algorithm. 

Applications 
and Environment 
RISC OS applications use a suite of com­
mon facilities to render data, communi­
cate with each other, and interoperate. 
These faci lities are conducive to a con­
sistent programming style. A compre­
hensive style guide ensures that all appli­
cations offer a similar look and feel to the 
user. A memory-based save/load proto­
col implements an ap plicati ons inter­
communications mechanism and uses a 
disk-based scrap file to hand le large 
amounts of data. This save/ load proto­
col lets yo u drag an d drop data from 
one application to another, which 
enhances the system's overall ease of use. 
It also is the cornerstone for crafting 
applications that execute a few functions 

64K II 

2452K ------• 
444K ­

OK 
OK 

11672K 
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32K I 

extremely well and link seamlessly with 
other applications that provide addi­
tional functions as needed. 

A Task Manager lets you dynamically 
alter the amounts of memory allocated 
to system resources and applications (see 

iklo p computers. it has Free in Module nn:n 94K 1!1 
42K 0 

the screen). Ifyou choose to antialias text 
at an unusually large point size, you can 
increase the amount of RAM devoted to 
the system's font cache by dragging a 
slider bar on th e Task Manager display. 
You can deallocate this memory by the 
sa me method when no longer required. 
Similarly, you can create and delete a 
RAM disk of any size as necessary by drag­
ging on a slider bar. 

RISC OS's functions are both modular 
and scalable, which lets the kernel play 
th e embedded program in a consumer 
device. IUSC OS components are finding 
their way into new generations of multi­
media ki osks, navigational aids, and mo­
bile communications devices. When com­
bined with its GUI, a file system, and 
multimedia modules, RISC OS also can 
command desktop computers or work­
stations. While its dependence on ARM 
processors once may have seemed limit­
ing, the emergence of high-performance 
StrongARM-based systems has begun to 
change this situation dramatically. rn 
Stewart Palmer is desig11 engineering manager 
atAcom Rise Technologies. You can reach him 
at spalmer@art.acorn.co.uk. 
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THE BUSINESS PROCESS 


Great businesses run fast. As fast as you can make 
obstacles disappear. That's why you need ABC FlowCharter"6. 
It shows you your business. Clearly. With diagrams that 
add a boost to your entire business process. 

ABC FlowCharter is not just another drawing tool. 
It actually lets you relate charts to data, and automatically 
analyze the results. Unlike diagramming tools that hit the 
wall at the edge of the page, ABC FlowCharter is powerful. 
It can diagram any process. Across any number of pages. 
No matter how complex. With lines that re-route automatically 
and shapes that drop into place. In fact , it 's so powerful , 

it's used as the engine for Process Modet-the world's 
most advanced business simulation tool. 

ABC FlowCharter does the work, while you work 
on making your business run better. See for yourself. 
Pick up your copy of ABC 
FlowCharter 6 today. If you want 
even more graphics power, 
you'll find ABC FlowCharter 
bundled in ABC Graphics Suite'." • 
Visit your favorite reseller, or MICROGRAFX 
call 800-428-8716 now. www.micrografx.com 

MICROG~F~· 
CH1 ~ 1 foil 

1SOIT\XIARESoftmart· ISPECTRUM :s11&1n1111e sman resource for business 

1-800-328-1319 l-800-624-05Q3 1-800-SOV/'ll~ll?E~ 
In Canada call 1.800 360-8464. Copy ri~ht 1996 © i\! icro~rafx Inc. i\11 ri~h t s rese rved . All traclcmarb arc owned by their respective companies. 
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Viewsonic Professional Series 
Model P815 P810 PT810 PT770 17PS 

0.25mm 0.25mm 0.30mm*Dot/Aperture Grille Pitch 0.25mm* 0.25mm 
CRT Size/Viewable 21"/20.0" 21"/20.0" 21"/20.0" 17"/160" I7" /16.0" 
Horizontal Scan Rate 30-115KHz 30-95 KHz 30-96 KHz 24-82 KHz 30-86 KHz 
Video Input Bandwidth 250 MHz 200 MHz 200 MHz 135 MHz 135 MHz 

1800 x 1440Recommended 1600x 1200 1600x 1200 1280 x 1024 1280 x 1024 
@75Hz @76Hz @77Hz Resolution @77Hz @80Hz 

MSRP** $2,195 $1,845 $1,895 $895 $799 
*Aperture Grille **MSRP as of August l , 1996 

Announcing the Viewsonic PSI 5 2 I" (20" viewable) 
monitol'. It's the latest innovation from Viewsonic~ 
the recognized leader in color monitor technolog)( 

And it's a mega hit. 

More power to you. 
Talk about unbelievable numbers: 
Resolutions up to 1800 x 1440 at a 76!-lz 
refresh rate. A whopping 250MHz video 
input bandwidth. A horizontal scan rate up 
to l ISK!-lz. And a 0.2Smm dot pitch . 
Ali high water marks in the indust1y. 

It's the new standard for high-end 
CAD, document imaging and 
other precision-oriented applications. 
The text is the sharpest available today. 
The images are fli cke1cfree, virtually 
eliminatingeye strain . It displays more 
in fo rmation faster than any monitor 
you've seen before and with BNC and VGA 
connectors you can easilyswitch between 
two separate systems. 

Compared to other monitors 
there is no comparison. 

Afte r winning the Byte Spri ng '96 "Best 
of Comdex" and "Best of PC Expo" 

awa rds, the perfo rm ance is obviously 
rated the highest in the indust1y, but the 

price is not- it is a real mega value. It 
comes with ARAG" anti- reflection, anti­

glare screen coating, a li mited 3 year warran~1 on 
CRT, parts and labor (the best in the business), and 
an optional Express Exchan ge~ Service program 
that insures 48 hour replacements. 

If all this doesn't convince you that the Viewsonic 
P815 is truly a "mega monitor," then seeing it 
certainly will. Call (800) 888-8583 and askfor 
Agent 1276 for your nearest dealer. 

Winner Winner 

Viewsonic P815 Viewsonic P815 


June 1996 June 1996 


{909) 869·7976 fax: {909) 869· 7958 • C;i:1 FaxSon:c· at {909) 869-7318 {24·h0\Jf fax·on·demard) 
lmffinet. 1wm viel'/SOllCCOOl • © t996 llewSonic (;()lpoiation • A!I nghts reseried • Corpoiate names and tradernaiks s~ied h~en are ll1e 1xoperfy oi mei: respective companes • •· MSRP as oi August 1996 • Prices atxf SPOOicallOl1S sub,ec1 to change vothout notice 
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A look at several techniques for getting the remote office 
worker connected via ISDN. By Jeffrey N. Fritz 

The Complete ISDN Telecommuter 
he primary objective of tele­
commuting is to se t up a n 
envi ro nment in a worker's 
ho me that's analogous to th e 

environment he or she find s in the office. 
Typicall y, th at mea ns a computer con­
nected to the corporate network, along 
with a telephone and so me for m of fax 
se rvice. Therefore, w hen des ignin g a 
comprehensive telecommuting solution, 
carefu l attenti o n has to be given to a ll 
three o f these categories-netwo rking, 
voice, and fax. 

Placing an additional analog line in th e 
telecommuter 's home is one of th e most 
commonly used methods for supplying 
an integral telecommuting solution. Such 
a line can be switched from voice to mo­
dem to fax, e ith er manua ll y or by in­
stalling an automatic line-sharing dev ice 
switch, such as Black Box's Automati c 
Sharing Device-4, or AS0-4 (see the fig­
ure "The Analog Solution" at right). 

As the figure illustrates, this approach 
is cost-effective and easy to implement. 
But it also has disadvantages, particul ar­
ly for remote LAN access. Analog modems 
require long training periods of 10 to 20 
seconds before they can begin transfer­
ring data. And once a connection is made, 
throughput speeds are limited . 

The ISDN Connection 
Because ofanalog's disadvantages, ISON 
is often a preferred telecommuting solu­
tion-if it's available and can be obtained 
at a reasonable cost. Basic-rate ISON of­
fers two B (bearer) channels at 64 Kbps 
each and one D (delta) channel a t 9.6 
Kbp s. By using data compression and 
combining the two B channels, ISON is 
capable of 10 times the th roughput of a 
28.8 -Kbpsmodem. Moreover, ISON's lo­
cal connection time is measured in mil­
liseconds. 

Another telecommuting method takes 
advantage of a number of ISON products 

that allocate one of the ISDN B channels 
for analog devices. ISON terminal adapt­
ers, such as the BitSurfr Pro from Mo­
torola and the Adak 221, incorporate an 
Rj-11 telephone jack th at all ows you to 
plug an analog telephone, modem, or fax 
mac hin e directly into an ISON dev ice. 
This allows you to make ana log ca lls to 
and from such devices via the ISON-based 
co nn ection. It' s important to note that 
so me of these devices won't a ll ow you to 

lation of multiple phone lines, making it 
costly and complex to support. 

Intelligent channel-contention ISON 
devices, such as the Ascend Pipeline 75, 
automatically take care of call control 
a nd on-demand bandwidth manage­
ment. When the user wants to make an 
analog voice call or send a fax, the IS ON 
device recognizes this. It automatically 
rel eases o ne of the B-channel network 
connections for use in the analog call. 

Modem 

l al-­
I I 

Laser printer 

The Analog Solution 

-I 
PC 

Fax 

All of a home office's equipment can be placed on a 

single line with a line-sharing switch. 

receive analog call s, as described below. 
The fi gure "The ISON Conversion So­

lution" on page 54 illustrates such an ar­
rangement. Since th e terminal adapter 
is the dev ice that handles the conversion 
from ISON to analog, any analog phone 
o r fax will work-including internal PC 
fax modems. 

Yet anoth er meth od is to employ a mix 
of ISON and analog lines to support voice, 
fax, and data services. As the fi gure "The 
H ybrid Solution" on page 54 shows, each 
device is connected to a single line dedi­
cated to that dev ice. Vo ice se rvice can be 
supplied via either an analog or ISON line, 
depending on the desired features each 
service offers. But it requires the instal-

During the call, network throughput will 
slow down to the single B-channel rate 
of 64 Kbps, but the connection will stay 
in place. 

When th e user hangs up, the device 
releases the B channel that was used for 
the analog connection. The network con­
nection can then automatically recover 
the extra bandwidth. If the additional 
bandwidth is not necessary at that mo­
ment, the ISON device may simply decide 
to leave the channel down, keeping it 
open for other calls. 

The telecommuter knows nothing of 
th e magic that 's occurring behind th e 
scenes to make all this possible. H aving 
been given simultaneous, nonblocking 
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access to data, voice, and fax services, the 
worker sees only the ability to work at 
home in much the same way as he or she 
would in the office. 

Ringing Voltage Issues 
On an analog tel ephone line, the phone 
switch creates a ringing voltage that sig­
nals an incoming call. This voltage, typ­
ically at 100 V, causes th e phone's bell 
mechanism to operate. When you pick 
up th e handset, or when the modem or 
fax machine goes off-hook, a switch in 
the device turns off the ringing voltage, 
and the connection begins. 

ISON signals its connections entirely 
through the packet information that is 
placed on the D channel. Therefore, an 
ISDN device must generate a ringing volt­
age for any attached analog devices. This 
requires a much larger power supply than 
is normally necessary forthe ISDN device 
alone. In addition, the ISON device must 
be continually powered in order to sup­
port analog calls. 

To keep the cost and size down, some 
ISON devices do not support ringing volt­
age. This allows connected analog de­
vices to make, but not receive, calls. If in­
coming calls are important in your work, 
be sure to check the specification on the 
ISDN device you're considering before 
making a purchase. 

Remote-Access Security 
It's a simple fact of life that remote con­
nections, whether ISDN or analog, in­
crease the security risk to the corporate 
network. Therefore, absolutely no one 
should be allowed to obtain access to the 
network without first having to enter 
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The Hybrid Solution 

Analog fax 
line 

Fax 

Analog voice line 
(could also be ISON) 

ISDN line 

Cable to PC 

ISDN terminal PC 
adapter 

An ISDN/analog-line combination can best support a mix 

of office equipment, but it can be costly. 

The ISDN Conversion Solution 

...... 
Fax 

RJ-11 analog 
jack 

Cable to PC 

PC 
ISDN teminal 

adapter 

ISON line 

Some ISDN devices provide connections for analog 

office equipment. 

both an account number and a password . 
If passwords are considered the first 

line of defense, then callbacks are usual­
ly considered the second line of defense. 
When a remote user wants to establish a 
network session, a network host verifies 

that he or she bas supplied a legitimate 
account number and password. At that 
point, the network-side device drops the 
connection and calls the user back at a 
preassigned phone number. 

The new caller ID service provided by 
the telephone companies is a great deal 
like callback security, but without th e 
need to dial the remote user. On call set­
up, caller ID passes the remote user's 
number to the remote access device. A 
network device can be configured to ac­
cept only recognized numbers and reject 
all other calls. 

The Internet Engineering Task Force 
(IETF) has defined two security proto­

cols, Password Authentication Protocol 
(PAP) and Challenge-Handshake Authen­
tication Protocol (CHAP), which are spec­
ifi ed in RFC 13 34, "PPP Authentication 
Protocols. " Both allow authentication of 
a remote device beyond caller ID through 
the PPP connection. 

PAP provides only basic user/password 
authentication, while CHAP is more ro­
bust. The latter sends a "challenge" to the 
remote unit that's attempting to make 
a connection to the network. The remote 
unit responds with a prearranged calcu­
lated numerical value. The authentica­
tion device checks the response against 
its own calcu lation of the expected val­
ue. If the values match, the authentication 
is acknowledged; otherwise, the connec­
tion is terminated . 

Unfortunately, some remote devices 
default to no security when they 're first 
installed or if they are reset. This creates 
a security hol e that can catch members 
of a network staff completely off-guard. 
Therefore, it pays to be sure that any new 
network device, or any device that has 
been reset from its previous configura­
tion, is not offering unauthorized out­
siders the opportunity to get a free ride 
on your network. III 

Jeffrey N. Fritz is responsible for new technol­

ogy development and the operational man­

agemen t ofWINnet, the West Virginia Uni­

versity network. He is the author ofRemote 

LAN Access : A guide for networkers and the 

rest of us (Manning Publications/Prentice-Hall 

PTR, 1996) and Sensible ISON Data Applica­

tions (West Virginia University Press, 1996). 

You can contact him by sending e-mail to 
jfritz@wvu.edu. 
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14.4 Kbps 28.8 Kbps ISON 128 Kbps 

Lowest Price. 


Get into the World Wide Web at breakneck speed move data at a maximum rate of 128Kbps, and 

without breaking the bank. Introducing Cardinal's getting an ISDN line installed is simplified with the 

new ISDN terminal adapter. With data transfer at enclosed 1:·· -. Idocumentation. So get up to speed 

rates up to 5 times faster than your 28.8 modem, it with the newest technology. Stop by your neares t 

offers the performance you need at the low cost Cardinal dealer or call 1-800-775-0899 
you want. With the Cardinal ISDN you can ext. 667 for more information today. 
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c1 etting your corporate network to run smoothly 
doesn't have to be an uphill battle. Optimize the 

performance of your network with a stable and 
economical solution-the ClientProTM PC from Micron 
Electronics. You will rest easy knowing you have 
equipment you can rely on for years to come. The 

ClientPro system comes network-ready with 
Windows NT® Workstation 4.0 preinstalled 
plus you can have it custom-configured to fit 
the needs of your office. Best of all, the 
ClientPro system is backed by the industry­

leading Micron Power"' Warranty. 

ClientPro·., P120 
• Intel l 20MHz Pentium@processor • Intel l 80MHz Pentium@Pro processor 
• 256KB pipeline burst cache, flash BIOS • 256KB internal cache, flash BIOS, DMI support 
• l 6MB EDD RAM • 3Com 3C509 Combo network adapter 
• 3Com@3C509 Combo network adapter • 3.5" floppy drive 
• 3.5" floppy drive • PCI 64-bit graphics accelerator, 2MB EDD RAM 
• PCI 64-bit graphics accelerator, 2MB EDO RAM • Tool-free minitower or desktop 
• Tool-free minitower or desktop • Microsoft Mouse, l 04-key keyboard 
• Microsoft®Mouse, l 04-key keyboard • Microsoft Windows NT®Workstation 4.0 
• MS-DOS®6.22/Windows@for Workgroups 3.11 ti • 5-year/3-year Micron Power warranty 
• Microsoft Works preinstalled • 16MB EDO RAM 

fl • 5-year/3-year Micron PowerSM warranty • l.2GB EIDE hard drive 
• 15" Micron 15FGx, .2Bdp (13.7" display)

• l.2GB EIDE hard drive $1499 s1999 
BUS. LEASE 168/MO.• Microsoft Works preinstalled

• 14" Micro~ 14FGx, .28dp (12.9" display) Bus. Lf.ASE •511M o 

• 32MB EDO RAM 
• 2.1 GB EIDE hard drive $• 2.1 GB EIDE hard drive Sl,699 • 15" Micron 15FGx, .28dp (13.7" display) 2,299• 15" Micron 15FGx, .2Bdp (13.7" display) nus. LEAS E '58/MO. • Microsoft Office Pro 95 aus. Lf.ASE •1•1Mo. 

With Intel 133MHz Pentium processor . ... •.. . .• ... . . add 150 WithIntel 200MHz Pentium Pro processor ......... . .. add 1199 


v S·year lim~ed wo•anty on miaopromsor ond muin memory 

;I 3·year limited ports-only system wo""ty 

;I 1-, 2· or 3year oplionol on-s~e service ogreemeot for Micron desktop systems 

ii 30 days of fret Miaon·supplied sohwore support for Micron desktop systems 

rl 30-doy money·bockpotK'f 

rl 24-hourtechnicolsupport 


PENTIUM.PRO 
PA 0 c ES S 0 R1-~•""'=~~::~~~1::6:.=:bf-:i::/=:=~t,~~ 

1 ~~ ~1~: E ~~~·.. 1+1 1':;::~ 1•1 ~~~;; FREE UPGRADE to Microsoft Windows NT Workstotion 4.0 from NT 3.51 
Cli96r.lcronE.llclrcltW:s..-.C.Allrigllls...-.l.kton~isno1~1ar.......,.gl'llAl'ld"lli'llfOrlO'll'fPO'Jr;ipl'rrOI 


~. Allpurd'Wlsn~IOa•~. Pno;n.,.,~mm.tr.a,ce~w.eoout11Guce:p1ocn0i:>mtinc:ll>Oe 
900 I. Kordltr Road, N11l'llpt, ID 83687 • Moa-fri 6am· \Opm So1 711111·Sp111 (Mij • lnlff1IC'fioeal Scilts Hows:~lflClhltdnQ. »oi1n:on.y.a~dOff~lta.dl,.IL<n~e9'"Jlf<j°'9"11S~rwdnge!\at981. ~Soriy 
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. 	 Making your 486 run like a Pentium®doesn 't take magic. compatibility, and warranty, but in a recent study* it also outper­

It just takes a TurboChip'" and a li tt le pocket change . fo rmed it. The TurboChip is designed with AMD's A m 5 x 86-P75 

Insta ntl y, you will have 5 x 86 c lock-quadru pled C PU and upgrades with most IBM -compatible desktop systems. 

-technology thar will help your system run three times fas ter. And And since the TurboChip is a chi p-for-chip replacement upgrade, 

the TurboChip has all the power you need to run today 's demanding it's easy to install. Plus it preserves your system configuration. 

software, whether you have a 486-based DX2, DX, SX2, or SX To find your nearest Kingston®distributor call us at (800) 25 1-9059, 

system. So how does the TurboChip compare to Inte l's OverDri ve®? domest ica lly or (714) 437-3334 vinnston 
Not 	 only does the TurboChip beat the OverDri ve in pr ice, fo r internationa l sales. _I_'\..fEcHNO~Y CORPORATION 

For more information call us domes tica ll )' ac (800)251-9059 , or for i11t enwc io 11al =@=- S(llcs call (714) 437- 333 4 or visir our \'(!e b sir e : IHcp:!/ www.kin gs wn.comzb.hcm 
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Am5xB6··P7S All rights reserved. Kin b,>Ston is a rcgis1crcd trademark and Computing Wirhout Limits and TurboChip arc trademarks of Kingsron Tcchnu\ugy Corporation . All other registered trademarks arc the propcrrr of their owners. 



CPUs 

The 64-bit MIPS R4300i RISC processor powers a compute­
intensive consumer game system. By Satya Simha 

Super Mario Chip 

f you buy your kids the new 
Nintendo 64 game machine, 
prepare thyself to be envious: 
Their graphics processor will 

stomp all over your desktop computer's. 
The N64 delivers visually realistic 3-D 
images and very high-quality audio, 
thanks to the 64-bit RISC processor­
something you'd normally expect to find 
in a spare-no-expense high-end server or 
workstation- at the core of its design. 
This processor, the MIPS R4300i, provides 
a number of distinctive characteristics 
that enable high performance in a mass­
market device, all while reducing its over­
all cost and power consumption. 

A Tour of MIPS R4300i 
The R4300i derives much of its microar­
chi tecture from MIPS Technologies' 
R4400, a workstation-class micro­
processor. The chip is code-compatible 
with the MIPS I, II, and III instruction sets. 
While the design was tailored to reduce 
the chip's cost and power consumption, 
the R4300i still has a number of work­
station-caliber features. For example, the 
processor can operate in either 32-bit or 
64-bit mode. Besides a 64-bit integer data 
execution unit, the R4300i a lso con­
tains-surprise!- a 64-bit FPU. 

The R4300i has a single -issue, five­
stage instruction pipeline that handles 
both integer and floating-point instruc­
tions. The pipeline minimizes the laten­
cies of load and branch operations so that 
they have a single-cycle latency. To keep 
th e pipeline filled, the processor has 
two large on-chip caches: a 16-KB instruc­
tion cache and an 8-KB data cache, both 
ofwhich are 64 bits wide. Both caches are 
direct-mapped and store physical tag 
addresses, which reduces the address­
matching circuitry and avoids address 
contention. Specific memory pages in 
each cache can be locked, which boosts 
performance by storing frequently 

accessed items. A system coprocessor 
contains a memory management unit 
(MMU) that supervises both caches, as 
shown in the figure "The MIPS R4300i 
Architecture." The R4300i supports a vir­
tual memory space of 1 terabyte (40-bit 

The MIPS R4300i Architecture 

Address/data t Control 

Multiplexes 
data and address 32-bit system interface ...,._____ 
sioialstoreduce 
pin count 

0.35-micron, three-layer metal CMOS 
technology, which reduces the die size 
and thereby the manufacturing costs. 
Both the integer unit and the FPU share 
the same data path, which further shrinks 
the die. The processor also uses a 32-bit 

• Clock 

Clock
I generator 

16-KB 8-KB data 
instruction cache cacheMIPS R4300i 

Shares 
resources 
to reduce 
transistor 
count 

Provides several 
dock ratios (l:l, 
l:LS,1:2, 1:3) to 
support low-speed 
external devices. 

Uses translation 
look-aside buffer 
to convert virtual 
addresses. 

This 64-bit processor provides an FPU and virtual memory 

for sophisticated consumer applications. 

addresses). However, to reduce the com­
plexity of the design, the processor does 
not supply on-chip support for a sec­
ondary cache or multiprocessing. 

The R4300i has an internal phase­
locked loop circuit that enables the inter­
nal pipeline frequency to be a multiple of 
the system clock frequency. This lets the 
system designer utilize slower external 
components (perhaps memory) yet oper­
ate the processor internally at a higher 
clock speed for better performance. 

The R4300i is manufactured using 

system interface, w ith multiplexed 
address and data lines, so that it can be 
housed in a low-cost 120-pin plastic quad 
flat package (PQFP). 

The R4300i operates at 3.3 V for low 
power consumption. The engi neers 
also used other methods to reduce pow­
er dissipation. For example, the caches 
are segmented so that only the request­
ed segment is powered rather than the 
entire cache. The integer unit and FPU are 
integrated into a single execution unit 
with shared resources (such as the data 
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path), which both reduces the die size and 
power consumption. In standard oper­
ating mode, a 40-MHz R4300i (running 
internally at 80 MHz) eats up only 1.5 W. 

Building the Box 
The Nintendo 64 system was designed 
with the objective of providing a realistic 
multimedia experience while keeping the 
unit compact and inexpensive. The fig ­
ure "The Nintendo 64 System Design" 
shows the basic blocks used to build the 
device. At the heart of the system are two 
components: a custom R4300i clocked 
at 93 .75 MHz and a custom MIPS 
coprocessor, the Reality Coprocessor 
(RCP), clocked at 62.5 MHz. The R4300i 
and the RCP interface directly to each oth­
er without requiring any additional glue 
logic. The R4300i supplies the processing 
brawn, while the RCP handles most of the 
audio and graphics. The RCP has on­
board DMA logic, audio and video out­
puts, plus a joystick input. This enables 
the RCP to manage data transfers, create 
the display, and generate sound using a 
minimum number of supporting chips. 
The RCP also supports the timing and sig­
nals for a game cartridge unit. A graphics 
coprocessor internal to the RCP has a 
memory interface to external DRAM, 
which serves as a frame buffer and 
scratchpad storage. The memory inter­
face supports a transfer rate of500 MB per 
second to high-speed RAMBUS DRAMs, 
all while keeping the pin count low. 

Divide and Conquer 
The biggest challenge to obtaining high 
performance was how to partition tasks, 
both from the software and the hardware 
standpoint. For efficient processing, the 
N64 partitions audio and graphics oper­
ations into separate tasks. The R4300i 
works as the central controller and inter­
rupt handler. It also handles all high­
level audio processing functions. For 
example, the R4300i uses the FPU to syn ­
thesize high-precision audio wave forms . 
The RCP handles those jobs where soft­
ware algorithms alone can't meet the 
bandwidth requirements. To generate 
sounds, the R4300i processes a list of 

WHERE TO FIND 

MIPS Technologies 
Mountain View, CA 
(415) 933-6477 
fax: (415) 390 6172 
http ://www.mips.com 

The Nintendo 64 System Design 

Sound task partitioning @ wave fonns and command 
lists moved into memory. 

@ Coprocessor processesI Memory I commands and wave 
fonns; resulting data sent 
to audio DAC. 

0 	R4300i generates 

wave fonns from MIDI 

data obtained from 


Audio Icartridge. 

Cartridge~~ 
0 R4300i creates and manages 

Joystickmodels. Data sent to graphics 

coprocessor. 


@ Graphics coprocessor applies 
mabix computations, then 
renders scene in memory. 

Graphics task partitioning 

Partitioning game operations between the R4300i and 

a coprocessor delivered the best performance. 

musical events (for example, MIDI notes) 
to determine the resource and timing 
requirements. It then builds a digital sig­
nal processing command list, starts a 
DMA transfer of data from mass storage 
to main memory, and then goes to the 
next task. The RCP parses the command 
stream and processes the data in main 
memory. T he DMA controller then sends 
the processed data to a digital-to-analog 
converter (DAC) for sound generation. 

For ge nerating graphics, the R4300i 
can readily create and manipulate mod­
els (3-D objects described as a mesh of 
polygons) for use in game scenes. When 
the game code needs to update the posi­
tion and the attributes of the models, 
the R4300i can handle these updates in 
real time. The models are next forward­
ed to the graphics coprocessor, which 
performs matrix manipulation and ren­
ders the image. The R4300i's 64-bit mode 
gives game developers extra precision for 
models and other calculations without 
having to write high-precision algorithms 
or incurring a performance penalty. 

The R4300i 's large caches are crucial 
for achieving the N64 system's perfor­
mance. Without these caches, the fre­
quent memory accesses to fetch program 

I rideo I 
@ Stream of pixels sent 

from memory to video 
display hardware. 

code or data would degrade performance 
by as much as 20 percent. The large 
instruction cache allows both upper-level 
software routines (such as event loops) 
and the interrupt handlers to be locked 
on-chip at the same time. The data cache 
also assists in graphics processing because 
a small set of data can be stored on-chip 
and manipulated for every image frame. 

Not Just for Workstations 
New process technologies allow work­
station-class MIPS processors to be fabri ­
cated at a lower cost and higher volume, 
making them appropriate for consumer 
machines and embedded systems. The 
R4300i was created specifically to suit 
low-end app lications. Because of the 
chip's roots, software developers can 
apply their expertise to the R4300i, and 
hardware designers can use it to build 
products for new markets. Iii 

Satya Sim ha has an M.S. in engineering man­

agement from Stanford and an M.S.E.E. from 

Michigan Technological University. Prior to 

joining Silicon Graphics, he worked as a 

product definition and applications engineer 

in the MIPS RISC division. You can reach him 

in care ofeditors@bix.com. 
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RAVE REVIEWS! 

"... CorelCAD ...features are 
extensive and put the 
product at the top of the 
growing heap of low-cost 
CAD programs." 

3D Design, July '96 

"...the 30 product is so 
reasonably priced 
(and of course, does 
20 drawing very nicely, too) , 
that it makes asimple 
one-stop purchase. " 
CAD SYSTEMS Magazine, Aug.-Sept. '96 

"CorelCAD's 30 modeling 
tools are-excuse the 
expression-solid. " 

Windows Magazine, May 1996 

• ACIS"-based 30 solid modeling 
• Advanced boolean operations 
• Realistic materials and rendering 
• Customizable user interlace 

Includes: 
For Windows• 95 and Windows NT™ • 100 sample drawings 

• 120 TrueType" fonts 
• 600+ 30 symbols 
• 7,000+ 20 drafting symbols 
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Try CorelCAD™ FREE!* CorelDRAW™ Custorriers! 
Call 1-800-7 72-67 35 You are eligible to upgrade 
for a fully functioning, to the precision and 
30-day trial version! 30 flexibility 
· Fee for shipping and handling is required. of CorelCAD! 

Professional 30 solid modeling at a realistic price 
CorelCAD'" is a 32-bit design tool that allows easy, accurate modeling of real world objects in 30. 

A fully customizable interface and the industry-standard ACIS~ solid modeling system will give you 

the flexibility to conceptualize, construct and revise product models and prototypes on the PC. 

With powerful Boolean operations , advanced blending , extrusions, 20 drafting features, symbols, 

models and more, CorelCAO'" will help you add a whole new dimension to all your design projects! 


Academic version also available! 
Corel and CorelCAD are trademarf<s of Corel Corporation in 
Canada, the Un~ed States and/or other countries. ACIS is a 
registered trademarf< of Spatial Technology Inc. All other 
product and company names are trademarks or registered ThepC 1-800-258-2088 
trademarks of their respective companies. rTA •·~~~fd~itive •·-~Jl_ROM.4 • : 
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The Sentine!Wizardr" GUI 
is an innovative tool that 

makes protecting your 
software easier than ever 
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COMDEX/Fall '96 
Visit Us At the Sands 

A developer's dream. come true... 


#1 Protection Supplier 
You'll have peace of mind 
with your software backed 
by world leader Rainbow 

1so 9002 The Highest Quality IA\ Only Sentinel keys meet 
~ ISO quality standards and 
certifi ed offer the best reliability 

Truly Compatible Security ~ 
The industry's larges t engineering 

staff is dedicated to making your 

software safe on any platform 


Increase Your Revenue 

Sentinel stops pi racy, ensuring 

you that every user of your 

software is a paying customer 

Booth #54381 

e World's #1 software protection 
s now the easiest to itnpletnent! 

~RAINBOW HEADQUARTERS: 50 Technology Drive, Irvine, CA 92618 • Tel : (714) 450-7300 • Fax: (714) 450-7450 
(fit ASIA/LATIN AMERICA: (714) 450-7300 I FRANCE: (33) 1 414329 00 I GERMANY: (49) 89 3217 98 0 I U.K.: (44) 1932 579200 

T E C H N 0 l 0 G I E 8 ©1996 Rainbow Technologies, Inc . Sentinel, SentinelLM and SentinelWizard are trademarks of Rainbow Technologies. All other names are property of their respective owners. 

Leading Technology - ...._ 
Sentinel® is the only ••••• 
protection combining ;~ 
multiple algorithms d 
and ASIC technology •••• ,• 

You've always dreamed of 
superior software protection 
that was simple to integrate 
into your entire product line. 
The new SentinelWizard makes 
your dream a reality. 

Ask us about Sentine/LM™ - the new 
software-based network license manager 
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Just tell the SentinelWizard how 
you want to sell your products. 
It then automatically configures 
your Sentinel keys and generates 
the pseudo code necessary to 
complete the protection process. 

Visit our web site 
www.rnbo.com 

Call now to order your 
Sentinel Developer's 
Kit, featuring the 
SentinelWizard. 

1-800-852-8569 

;cn11na 
Softvvare Protection 

ALGERIA: AFAK (2 13) 4 1 85 61 a ECH REPUBLIC: AIKON lnt'I (42) 2 3103 652 ITALY: Siosistemi (39) 30 24 4 11 NETHERLANDS: lntroCom (31) 74 2430 lOS SINGAPORE: Systems Design PTE LTD (6S) 747 2266 
ARGENTINA: Agri·Aid, S.A. (54) l 8030536 EGYPT: ZEDAN-ADS (202) 248 8994 JAPAN: Gtken Shoji Co., ltd. (81) 52 972 6544 NEW ZEALAND: Software Images (64) 09 378 9790 SOUTH AFRICA: IOFTIECURE (27) 11 477 6053 
AUSTRALIA: LOAOeLAN (61 ) 3 9690 0455 GREECE: Byte Computer S.A. (301) 924 17 28 JORDAN: COG Engineering (96) 26 863 861 PERU: OpenSoft (5 1) 1 224 2 125 SPAIN : ME CCO (34) 3 422 7700 
BELGIUM/LUXEMBURG: E2S (32) 92 21 11 17 GUATEMALA: Soft Corporation (S02) 2 304006 PHILIPPINES Mannasoft Technology SWITZERLAND: IBV AG (41) 1 745 92 92 KOREA: Genesis Te<hnologies (82) 2 578 3528 
BRAZIL: MIPS Sistemas Lida. (SS) 11 574 8686 HONG KONG: Alfalink Tech . Co. (8S2) 2333 0626 Corporatio n (63) 2 8 1 3 4 1 62 SWITZERLAND: Sale Compaid SA (41 ) 2 421 5386LEBANON: National Group Cons. (961) 1 494317 
BULGARIA: K51METRO (35) 9279 1478 HUNGARY: Polyware Kft (36) 76 481 236 POLAND: HITEX Sp. z o.o. (48) 22 41 97 51 TAIWAN: Evershine Tech. (886) 2 8208925 

MALAYSIA: Eastern Systems Design
CHINA (East): Shanghai Pudong Software INDIA: AN( Engineering Co. (91 ) 11 46 1S680 PORTUGAL: COMELTA 1351) 1 941 65 07 THAILAND: BCS lnt'I (66) 2 319 4451

(M ) Sdn Bhd (60) 3 24 1 1 1 88Park Electronics Company (86) 21 6403 1966 lNDONESIA P.T. Promp11ade lnfoScan {62) 21 375 166 RUSSIA: Multisoft lnt'I (7 095) 186 35 84 TUNISIA: Soft lnformatique Tech (216) 17 19 486 
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Programmin g 

Microsoft's 3-D AP! provides device-independent access to 
acceleration hardware. Here's how it works. By Stephen P. Johnson 

Direct3D Revealed 
icrosoft's Direct3D, which 
was released in June, is the 
latest of the DirectX AP!s 

• ••• available for the PC platform. 
Direct3D offers programmers a hard­
ware-independent AP! that displays 3-D 
graphics and provides a mechanism 
whereby an application can tap into any 
graphics-acceleration hardware present 
on a system. (For more informarion on 
the Direct3D architecture, see "Must-See 
3-D Engines," June BYTE.) 

Because it provides OS-level support 
for 3-D graphics while uncoupling the 
hardware from the interface, Direct3D 
enables programs that use 3-D imagery 
to run on a wide variety of desktop com­
puters. Where possible, these programs 
can take advantage of the hardware's 
capabilities to provide optimal quality 
and rapid generation of 3-D graphics. 

It's important to note that hardware­
acceleration rechniques for 3-D graph­
ics vary widely. This is because 3-D graph­
ics is a new concept on the PC, and the 
intense cost constraints of the market are 
forcing new designs and algorithms at 
the chip level. Also, it can sometimes be 
difficult to fit a certain hardware design 
into Direct3D's programming model. For 
these reasons, expect to see wide varia­
tions in performance among the various 
3-D graphics cards. 

In Your Interface 
How does Direct3D manage to hide the 
derails of a display card's hardware yet 
allow access to acceleration features that 
are obviously hardware dependent? At 
the interface level, the low-level Direct3D 
AP! abstracts hardware features in a con­
sistent manner that allows such porta­
bility. In addition, Direct3D consists of 
two types of drivers. The first type, which 
is at the software level, is called the hard­
ware emulation layer (HEL). The HEL 

generates all graphics operations using 

the desktop system's processor, and the 
resulting pixels are sent to a DirectDraw 
fram e buffer. (DirectDraw is a DirectX 
API that deals with 2-D graphics.) 

The other Direct3D driver type imple­
ments a hardware abstraction layer 
(HAL). Chip and board manufacturers 
use the HAL to expose the hardware's ca­
pabi liti es in a device-independent man­
ner. Through the use of a query mecha­
nism, the Direct3D AP! lets a programmer 
obtain access to these features. 

Direct30 Data Structures 
Data Structure Description 

D3DHAL_GLOBALDRIVERDATA Contains the driver's global data. The data structures 
that follow are embedded within this structure. 

D3DDEVICEDESC Describes the hardware's 3-D-rendering capabilities. 

D3DPRIMCAPS Describes the capabilities of a 3-D primitive (a triangle, 
line, or point). These reflect the 3-D attributes that 
each primitive supports. 

D3DHAL_CALLBACKS This structure contains a table of function pointers 
that implement the Direct3D HAL interface. 

tu res" below summarizes these data struc­
tures and their use inside the driver. 

Essentially, these data structures de­
scribe the capabi lities of the driver's un­
derlying 3-D-rendering chip to the OS. 
One structure provides entry points to 
the HAL functions that operate the chip's 
rendering engine. Usually it's easy to de­
fine these structures: You simply compare 
the feature-capability bits described by 
the Direct3D headers to the features that 
the chip supports and then set the ap-

The hardware driver must imple­
ment all the features exposed by these 
query operations. It can do so by using 
software or a combination of software 
and hardware. The application chooses 
which driver to use-either the CPU­
intensive HEL or the hardware-acceler­
ated HAL. 

Direct3D is made up of many C/C++ 
header files and Component Object Mod­
el (COM)-based interfaces. The header 
files contain many enumerated types and 
data structures used to convey device in­
formation to the OS. This information 
lets the application control the appear­
ance of a 3-D object, such as its texture 
and rendering surfaces. 

Several of the data structures handle 
the translation of device-independent AP! 
ca lls into device-dependent rendering 
call s. The table "Direct3D Data Struc­

propriate bits. Implementing these chip­
supported features is more difficult be­
cause of interactions among the display 
management software, the 3-D-render­
ing driver software, and the capabilities 
of the underlying hardware. 

Building the Driver 
For this article, I'll use S3 's ViRGE as the 
sample hardware. This chip has extensive 
3-D graphics capabilities, including the 
ability to support numerous rendering 
modes, z-buffer compare operations, and 
several texture-map formats. 

You start a drawing operation by pass­
ing the coordinates of a triangle or line 
to the chip. Next, you set up attribute 
bits, such as texture mapping, z-buffer 
compare mode, fog, and Gouraud shad­
ing, and turn the corresponding bits in 
the chip's command register on or off. 

continued 
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Core Programming 

The ViRGE chip is a true immediate­
mode 3-D-rendering chip; the moment 
that you complete the process of pro­
gramming the command register, it starts 
drawing the triangle or line. 

The Direct3D driver starts with a Di­
rectDraw driver, which provides access 
to the card's frame buffer and any off­
screen buffers that the Direct3D driver 
requires. Furthermore, a HAL data struc­
ture in the DirectDraw driver, DDHAL­
INFO, contains device-capability bits that 
define the Direct3D driver. When a Di­
rect3D driver is initialized, it turns oncer­
tain bits inside DDHALINFO. 

The sequence of the creation of a Di­
rect3D driver thus starts with the initial­
ization of a DirectDraw driver. As part of 
its initialization process, the DirectDraw 
driver calls a create-driver function inside 
the card manufacturer's 32-bit driver, 
which sets up the Direct3D driver. 

This function first sets the capability 
bits inside the DirectDraw driver. Then 
it builds the data structures shown in the 
table "Direct3D Data Structures." This 
function then gets data from the card's 
firmware and plugs it into these struc­
tures. For example, data that indicates 
that the ViRGE chip supports several tex­
ture maps gets placed within a D3DHAL_ 
GLOBALDRIVERDATAfield, while capa­
bility bits that describe chip features, such 
as z-buffer compare modes and color­
dithering support, get activated in the 
appropriate fields in D3DPRIMCAPS. 

The addresses to rendering functions 
get stashed in a table called D3DHAL_ 
CALLBACKS. These addresses are re­
turned to the DirectX software layer and 
serve as entry points to the driver's call­
back functions. A3-D graphics operation 
thus invokes a callback function in this 
table. The invoked HAL function imple­
ments the specified 3-D operation, as 
shown in the figure at right. 

The driver must support a minimum 
of six callback func tions, several of which 
deal with the context of the graphics envi­
ronment. Two functions control the envi­
ronment's state and its rendering char­
acteristics. The callback of interest here 
is Rende rPri mit i ve ( l ; it implements 
the driver's actual drawing functions. 
This function receives geometric data via 
a pointer to a display list that consists of 
vertex data and a drawing command. 
The driver copies the vertex information 
and calls a ViRGE-specific drawing func­
tion. The RenderP ri mi ti ve () function 
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is thus reduced to a fo r loop, with calls 
to the appropriate ViRGE drawing func­
tions. The driver accelerates all 3-D prim­
itive types: triangle, line, and point. 

The Application's View 
But what creates the DirectDraw object? 
The 3-D application . To set up the dis­

display's pixel depth or resolution or by 
eliminating certain rendering attributes, 
such as texture mapping. 

Because access to the driver is obtained 
through a well-defined interface and an 
array of callback functions, the applica­
tion programmer is never exposed to the 
hardware. Thus, he or she can write an 

Direct30 Device Abstraction 
0 App6cation uses 

OirectDraw ca8s 
to set up diSPlaJ's 
resolution and pixel
depth and to map frame 
buffer into application 
memory. 

~ AppUcation uses 
Oirect311 queries to 
detennine card's 3-0 
feature sel 

0 Application issues 3-0 
graphics commands. 

0 lhe application can directly 
modify the frame buffer if 
necessary. 

0 OirectlO device object 

DirectOraw 
system 
object 

I 03DPRIMCAPS I 
D3DHAL_CALLBACKS 

030HAL_GLOBALDRIVEROATA 

HAL 
implementation 

within 32-bit 
driver 

0 Resuttq pixels get 
dropped into card's 
frame buffer for display. 

0 Some graplics operations 
caU software functions in 
the driver. 

@ Other graphics 
operations can 
accelerated 
functions. 

DirectDraw and Direct3D hide the display 

hardware from the programmer. 

play's pixel depth and obtain the location 
of a frame buffer, the application must 
create a DirectDraw object. The appli­
cation then queries the OS for a Direct3D 
system object, which is used to obtain 
information about all the drivers that sup­
port 3-D rendering and their capabilities. 

The application walks through the list 
of drivers to locate the one that best fits 
its graphics or performance require­
ments. If the host system lacks a certain 
acceleration feature, for example, the ap­
plication can respond by lowering the 

application whose code runs on most any 
hardware combination. Such an appli­
cation can also configure itself appropri­
ately so that it runs on older or less-capa­
ble systems, which makes the program 
avai lable to a larger audience. Ii.I 

Stephen P. Johnson assisted in the creation of 

Apple's Power Mac and worked on QuickDraw 

3D, Apple's 3-D AP!. He now works on 3-D 

drivers and software at Diamond Multimedia 

Systems, Inc. (San Jose, CA). You can contact 

him at STEPHENJ @diamondmm.com. 

€)The accelerated functions 
invoke chip-specific graphics 
commands. 

http:diamondmm.com


---

I d :~··'r I pow" 

= •I '"'"pow°' l Ill ----i• 

''They thought my new Multipath™ 

Back-UPS® Office™ was just a big surge 

suppressor - then the lights went out!' 


--~~ #>:?..";~~~~ 
~ 

--· ---­-----­ I':\ ~a\\111~ "'"'"'111 

-­

U<y10\ll<:,\\O'I­

,. <u"'\,\\\11 sui~ 

su\l'V\'l\~ 

At last, a safe place to plug everyt hing: Multipath Back-UPS Office fo r workstations, PC's and peripherals 

I 
Fmng the darkness is hard, but mev1rable. You have a Mu Inpie peripherals and data l111es ro and from your sysrem are 
better chance of wmnmg rhe lottery than of escapmg viral, but dangerous. Without them, you can't do your 1ob. However, 1f 
power problems· They're the a power sag makes your modem drop the 
smgle brgest cause of compurer Multipath '" Means Tota l Power Protec tion l111e while you're down lond111g from the 

rn.. '"'"""""''"·'" d•m
0

• · 1 ~- ) '"•on, """" ~m ,,,...d " "" Back-UPS Office provides reliable _ ---- · you've saved work, you lose rime, money 
power for your entire system. and spend another !are night at the office1 "~""~' b.oo1 "°''"" '"'"~ I• I -··-- I "m•• ,.,nbdfoouninrerrupred opera tion of your CPU, 
monitor and an external srorage device. Back-UPS Office protects your 
Full-time surge suppression nnd sire-wiri ng entire system 
fault protection spreads a true Multipath'" Unril now, prorecrion for your entire 

safety net under any remaining inrcgrarcd 
 sysrcm required several devices. Bur multi· 
peripherals, like modems, printers, faxes device prorecrion can leave you vulnerable 
and phone systems. Back-UPS Office also ro line noise and unwanred dara glitches cre­
provides convenienr BlockSafc 1 ourler ated by the voltage differential between nut· 
spacing to handle all size plugs - even 

M 

lers. l11ose glirches are prevented wirh rhe 
large block transformers. Back-UPS Office cornrnon voltage reference. 

Back·Ul'S Office 
Unique Multipath protection keeps means true 
your PC and da ta safe Thel·fohipath 1" proi«tiono( Bod:.LJPS®Offir.t'" shitldi;yourpcriphtrok Mulripad1'" prorec·

ond zuords your compuier (rom bod power on Mt)' path, proridina clton,

Plugging a phone line into your corn· i;cfepowcr (grttn}, loyourtnlirt.syutm. rion, clean, safe 


purer doubles your vulnerabili ty ro power power ro every 
S l' R I N C COMDBXproblems; add any peripheral, and it peripheral, and instant battery backup to keep 

"BocJ<.LJPSOfPct. {isJ oshoo­triples. Even if you r AC power-l ine is your cuttingedge sysremand O/S from crashing. It in{otdit.smoB-ofPct.lhom t.­~~ shielded, when a surge hi rs an unprorecr· means prorecrion for less by imegraring die securi· offu computing morktt ond 
(or ieflf!l'Oldesk1op WOtksto­ed peripheral, it can blaze down serial t)' of a surge suppressor \\Oth the power of a UPS, 
tions"..... , ,,.,,,.., ,, , and data lines, guaranteed up to $25,000. .Computer Reselle r Newt 

l=======-.q ~~:;i~i:~~sd~~!;.~!51!; and roast )'Our 
mo1111u ro wall expensive PC. APC hos won more owords (or rc/iobiliry 

~ thon oll other brands combined ]L(lt~ •.\l'C.AIR..;...~AlnJ.ltm.ul.lft'l""l""'1J'ol!Mr"""'""'~"'bp:..~m~ ...-..i.o..1no1.:t.A1JOOJ.J 

,,_ 
~ 
N..,>bw of Dlod O W..ts 

Pl-doi•lrom ......-·­- ~ 

~-~~~~~-+~~~t-~~-i-~~-'1 

I °:!:~ Net-I< 

Troditionalfy. prcr:.eamr all your equrpmeni meoni buyinr a 1urp suppres­
sor and a LJPi. Even then, only tour K. lrnc was pro1cc1ed New Bock.UPS 
Offict: proteas all paths ro your eqwpmem: 8uUetprcrof Multrpoth protectJOn 

r---------------------­
: Pro recr yourself before you kick your· 
I self. Get your new Back-UPS Office 
: today (list price: $ 179.99) , o r callAPC 
: for a FREE 60-page catalog! 

L---------------------­A?C. 

AMERICAN POWER CONVERSION 

888-BUY-APCC x 8022 
http://www.apcc.com/8022.htm 

('401)788-2797 Fu • {800)J17.fAXX ~rhx 
Com~: GOAPCSUPPORT • fma;t bkoffi<t@apcc..com 

132 Filrgroundl R~d.Wtn Kinpton. RI 02892 USA 

Dept A2 

C ircle 130 o n Inqu iry Card.Come see us at COMDEX Booth #L2453 

http://www.apcc.com/8022.htm


12.l" DISPLAY, 
1024 x768 
RESOLUTION 
Watch brillianr colors spring to life on a 
display so large, it rivals desktop monitors. 
1024 x 768 resolution /JTovid es the sharpest 
images ever found in a porwbleand 64% 
more workspace than 800 x 600 resolution. 

ZOOMED VIDEO-----­
Toshiba 's innovative Zoomed Video 
(ZV) architecture drives portable 
multimedia into an ama{ing new 
dimension. Simply insert an industry 
standard ZV PC Card and the wsk of 
transferring video data is automatica lly 
offloaded from the systembus. This means you 
get advanced multimedia capabili ties melt as 
video conferencing, on·screen television and su/>Port 
of rnrrent MPEG 1and future MPEG2 video playback. 

2GB HARD DRIVE 
With over two gigabytes of s/>ace, the massive 

hard drive in the Teem 730CDT wi ll liandle 

all of your storage needs . 
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of level2mhe 
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 · HiQViden· PCIgraphic.s controller with 64-bit BitllLT ·Optional NmeDock'"II Enhancc,JPort Replicator 
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lSOMHz IN FULL MOTION. 

FULL-MOTION VIDEO 
The new HiQVideo'" PC/ grafJhics con1roller 
wirh 64-bir BirB LT graphics acceleration rums 
multimedia fantas yinro fact. Wirh hardware <OOm 
and YUV ro RGB conversion, yo11 can have 
full-screen, full-morion video with an ama<ing 
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TECHNOLOGY 
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archirecrure offers bla<ing video and data rhro11ghp11r 
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and dara on CO. And, wi1h Toshiba's SelecrBay'; 
yo11 can imercltange rhe modular CO-ROM drive 
with rite floppy disk dri ve in seco nd s. 

THE NEW TECRA. DESIGNED WITH THE POWER TO MOVE. Tecra combines ' ,~~~ 
a lSOMHz mobile Pentium• processor with screaming-fast PCl architecture and Zoomed Video technology that 
brings unprecedented video and graphics performance into the portable realm. And with memory expandable to 144MB, 

Designed for 

you can have more than you've ever experienced in a notebook computer. Add to that a giant 12.1" display with 1024 x 768 
resolution and a 2.1 billion byte hard drive and you've got a system that will put you in full motion instantly. For more 
information visit the Toshiba website at http://computers.toshiba.com, or for a dealer near you, call 1·800·457·7777. 
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The World's Best Selling Portable Computers. 
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How 

Microchips 

Shook the 


World 

Ten reasons why microprocessors 
define the twentieth century more 

than any other achievement. 
By Peter Wayner 

lash back to 1971. Chin a enters the United Nations. 
Eighteen-year-o lds w in the right to vote in the U.S. 
A "computer on a chip" ar rives that's small enough 
and cheap enough to fit inside busi ness machines, 

toys, appliances, too ls, and entertainment devices-in short, 
anything that is vaguely electrical. 

The world hasn't bee n the same since. 
Today, thanks to the microprocessors that have fo ll owed 

Intel's 4004 in 1971, we' re hea lthi er, better in fo rmed, more effi­
cient, and, in some disturbing ways, less private than we were 
25 years ago. (For details about the 4004 and other significant 
microprocessors, see "Birth of a Chip" on page 77. To see how 
techn ology may change in the next decade, see "Eight Ways to 
the Future" on page 85 .) Because microprocessors have become 
so much a part of o ur lives, the real challenge is to find devices 
in o ur business a nd personal li ves th at a ren ' t in so me way 
co mputer-contro lled . Sma ll and re latively inexpensive com­
puters have made it possible for us to track virtually any human 
activity, analyze any process, and control any mechanism. 

As we acknowledge the microp rocesso r 's twenty-fifth 
anniversa ry, we should also remind ourse lves that computers 
only process data: Knowledge is another matter. The Federal 
Reserve may run dozens of computer-based financial models, 
but in the end , it 's humans w ho decide w heth er to raise or 
lower interest rates. Simil arl y, years of research in artificial intel­
li gence have produced flexible a lgorithms that can adapt in 
well -defin ed ways, but on ly humans have the ability to com­
prehend and grok. 

W hat fo llows is our list of 10 dra matic ways that the micro­
processor has changed our world. All point to one indisputable 
fac t : Any look at the microprocessor's impact on society is only 
a snapshot in tim e. The revolution continues. continued 
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How Microchips Shook the World 

Privacy Under Fire 
n the past, your private docu­
ments were only as secure as 
the safe you locked them in at 

night. Today, e lectronic encryption 
secures information on disk drives so that 
only authorized people can read sensi­
tive data. 

But encryption also creates the pos­
sibility that cri minals could electroni­
cally hide important ev idence. In the 
U.S., federal law-enforcement officials 
are pushing a plan for people to give a 
copy of all encryption keys to the gov­
ernment, which will keep the keys under 
wraps unless there's a need to read some 
encrypted data. According to these of­
ficials, the encryption threat is so great 
that the U.S. government should con­
tinue its fight aga inst exporting encryp­
tion technology beyond its borders. 

Encryption w ill also provide the 
underpinnings for widespread elec­
tronic commerce, which could give con­
sumers unlimited access to a world mar­
ketplace and an electronic audit trail for 
recovering lost or stolen funds. Never­
theless, o ur privacy also co uld be as­
saulted by credit-card companies, banks, 
and others who can eas ily asse mbl e 
detailed dossiers on our spending habits. 
For example, employers in some states 
can legally refuse to hire cigarette smok­
ers beca us e of the cost of providing 
health care. Taken to an extreme, elec­
tronic records of spending hab its could 
lead to a job interview such as this: 

Employer: "Are you currently a cig­
arette smoker?" 

Applicant: "No comment." 
Employer : "Then would you care to 

explain why you bought that 20-ciga­
rette pack of Marlboro li ghts at 12:32 
p.m. on June 14, 1997, at th e Zippee 
Mart on Fourth and Oak?" 

In the end , blind-signature schemes 
for digital cash and anonymous messag­
ing using Secure IP (Internet Protocol) 
may be our best hope for shopping with­
out the aid of Big Brother. 
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The Electronic Workplace 
he outward signs are everywhere : PCs on every desktop, laser printers 
in every workgroup, electronic spreadsheets and databases bolstering 
every business decision. The modern office looks and works differently 

from its predecessor of 25 years ago, thanks to the microprocessor. 
At first , computers simply translated traditional ways of working into some 

electronic analogy that may 
or may not have improved 
efficiency. Gradually, how­
ever, computers inspired us 
to work differentl y. Group­
ware products and intranets 
usi ng cheap microprocessor­
based computers now pro­
vide seaml ess communica­
tion and make it possible for 
managers to control larger 
and more diverse groups. 

The good news is that 
many office products have 
never bee n cheaper (after 
adjusting for inflation). The 
bad news is that many com­
panies need fewer managers, 
which narrows advancement paths for many people. What's more, as workgroups 
become geographicall y dispersed, some workers find themselves cut out of essen­
ti al meetings. The synergy of the water cooler disappears. 

Computed Tomography for Everyone 

very day in hospitals through­
out the world, computed­
tomography (CT) scanners 

save lives by showing doctors a 3-D map 
of the inner body. Microprocessors 
aren't the only types of MFLOPS of floating­
computers that can do point performance. 
the mathematics to These workstations 
construct these 3-D are also highly opti­
images, but micropro­ mized for graphics, 
cessors are why CT which allows real-time 
scanners have prolifer­ manipulation of 3-D 
ated in recent years. images to help doctors 

Early CT machines evaluate the health of 
ran large minicomput­ organs and zero in on 
ers that were expensive diseases. 
to build and maintain, And perhaps most 
but the newest scanners important, micro­
use high-end worksta­ processors have helped 
tions for processing lower the cost and 
muscle. For instance, 
Picker Nuclear Medicine (Highland 
Heights, OH) formerly powered its 
scanners with an Ardent Titan 1500 
minicomputer thatneeded dual multi­

processors to generate 32 MFLOPS at 
peak performance. Today, the compa­
ny uses a Digital Equipment Alpha 
workstation with a single micro­
processor that can produce over 133 

shrink the size of CT 
machines, which makes them more 
widely available than ever. Jn fact, 
outpatient CT centers noware common 
in many urban areas. 



erial ort lrtistru 
The Windows NT Collection 

• Fast serial ports via SCSI 	 • Low-cost ports for PC/ bus 
• 2-32 ports per SCSI ID 	 • Native COM ports via Ethernet 

• 8-32 ports per TCP/IP session 

At Central Data, serial communication is not a 
side business. It's our only business. For over 
fifteen years, we've been designing innovative, 
rock-so lid serial ports for UNIX® systems. 

Now we're exc ited to announce a full line of 
solutions specifically optimized for Windows NT.® 
Our NT Collection provides you with three 
interface options: Ethernet, SCSI , or the PCI 
bus. Al l three are packed with benefits. 

• 	 Full RAS support 
• 	 Native COM ports for simple setup 

and administration 
• 	 High-speed rates of 115K baud 

for fast modem connections 
• 	 Surge protection on all lines for reliability 
• 	 Easy field upgrades 
• 	 External expansion provided by 

SCSI and Etherlite units 

To full y appreciate our serial port artistry, 
evaluate one of our solutions FREE for 30 days. 
Call 1-800-482-0397, or view our website at 

·TheEtherllte Difference 
The Etherlite™ Port Server is not your typical 
terminal server. A single TCP/IP session 
carries traffic for all the EtHerlite's native 
COM ports, compared to the conventional 
oAe-session-per-pol't metho<ii. The obvious 
benefit is less overhead at the host, and less 
traffic on Ethernet. Also, Etherlite products 
do not carry the burden of telnet, rlogin, 
reverse telnet, and other protocols which do 
not apply in the normal NT envirenment. This 
makes Etherlite less expensive, much easier 
to configure, and very efficient even at high 
baud rates. i:o read our white paper use 
http://www.cd.cem/etherwht.html. 
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How Microchips Shook the World 

News Gathering Becomes Collaborative 
ews was once something th at came down to us from a handful of med ia 
outlets like a daily se rmon from the mountain. The Internet levels the moun­
tain. Almost anyone can now be a publisher, and some of the most late-break­

ing news and diverse opinions now arrive via electronic 'zinesand e-mail lists. Usenet 
newsgroups also contain news nuggets often mi xed with terabytes of yammering 
foolishness. 

Major newspapers are responding by bl ending their traditional print products 
with on-line informatio n from their own Web sites. Reporters now receive e-mail 

correspondence from larger cross sections of sources to 
broade n the reporting of their sto ries. When the New 
York Times ran a major week-long exploration of down­
sizing in America earlier this year, it sponsored confer­
ences at its Web site. Elizabeth Osder, content develop­
ment editor, says the printed editi on actuall y included 
some quotes and information from the electronic dis­
cussions in the stori es that ran later that week. Also, Mi­

.._.m•-------.- crosoft's joint venture with NBC News points to a sim­
ilar blending of TV news and Web sites for in format ion delivery. 

Nevertheless, printed publications won ' t disappear anytim e soo n. The Web is 
great for conferencing, research, o r for poking around random ly for information, 
but newspapers and magazines are still more convenient to read and faster to browse. 
Paper has great bandwidth . 

DNA's Mysteries Unzipped 

III iologists sti ll don't com­ individuals are more Likely to contract 
pletely understand DNA, but certain diseases. But cheap and effec­
they 've mad e great tive genetic tests can make 

strides in the last deca de, people uncomfortable. For 
th anks to microprocessors. example, some U.S. soldiers 
The mathematics ofsequenc­ recently refused to hav e 
ing large parts of the genome their cells included in a mil­
has spawned a new field of itary DNA database because 
computational molecular they feared the data hidden 
biology. Special silicon chips in their DNA could be used 
make it possible to speed sequencing aga inst them later. Similar ly, will 
even more. health insurers be able to resist the 

The benefit: Researchers can now temptation to deny coverage to those 
use genetic profiles to predict which with a predisposition to, say, diabetes? 

one are the days when driving a 
powerful car meant you burned 
gas li ke it was free an d fussed 

over a carburetor for hours. Micro­
processors now run the engines so effi­
ciently that many standard-size cars get 
up to 30 miles to a gallon and enough 
rorque to make passing fun. And as a 
bonus , th e latest engines can go for 
100,000 miles without a tune-up, thanks 
to the microprocessors. 

The technology doesn 'tend there. Air 
bags open when a microprocessor detects 
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Smarter Automobiles Now Rule the Road 


E-Mail Distributes 

Democracy 


..- .. lectronic mail opened up the 
corporate world by replac­
ing formal chai ns o f com­

mand with fast and more interactive 
communications (even though words 
may often be misspelled, sentences 
may be fi lled with questionable gram­
mar, and th oughts may not always be 
fully formed). All of thi s re li es o n 
microprocessors in deskrop ma­
chin es and in modems that mov e 
th e information. 

T he n there's "D ilbert. " Scott 
Adams, the comic strip 's creator, uses 
e-mail to receive ideas for future car­
to o ns from readers. A few of "Dil­
bert's" cartoon predecessors relied 
on snail mail for input from readers, 
bur thanks to e-mai l, "Dilbert" may 
be the most interactive cartoon ever. 
Of course, this can be painfu l if you 
are a manager whose new initiative, 
"Tota ll y Quality, Total Equa lity," 
becomes the target of a future "Dil­
bert" episode. 

impact. Ca r CD players fight sk ips by 
reading ahead several seconds and filling 
in lost ga ps before it's tim e to pl ay the 
data. Which processors do car makers 
favor? Many of th e CPU families we' re 
fami liar with in our desktop systems have 
versions that serve as embedded. 

PowerPC, Mororo la's 68 0x0 line, and 
many Intel chips. What's next for semi­
conductor-managed cars? Auto makers 
are exp loring custom OSes to network 
the dozen or more CPUs common in auto­
mobiles. Talk about the infobahn. 

processors . This 
includes 
the 
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How M1 croc h1ps Shook the World 

Easy (Too Easy?) Credit for All 

Wt:llt)' year::. ago, cred it curds wen.: for a pri vileged few because verifying 
trans~1crion::. wa::. rediu us. If yo u made a large purchase, the store clerk called 
;1 ccntral opl:ratur and read the va lue over the phune. Thanks to 111ic ru­

pruce::.::.ur,, th<: danger, and 1nefficic11cie, ot Lash -un ly transactions arc disappear­
ing, bur 111 thcir place we have credir-card debt that is strangling some people whu 
h.1ve fuun d that plasm: is ruo ea::.y rouse. 

r u1 btucr or fur wur::.e, rhe 111icruproc1:"ur all uws for cheap terminals ar practi­
call} every cash register 111 rhe coumry. Embedded microprocessors built aruu 11d 
old vel'"UI 1s o f the x~6 line a11d 111 odems rn1111ing :H 2400 bps cost littl e. 8ecause srures 
can now verify every tT;m,action , finance com panics can easil y enforce credit li1ni ts 
and swp fraud. Th is lowe1·, the 1·isk of pu m 11 g cn::dir ca rds into the hands of mi II ions 
of people worldwidt . Co11"der growth rates in this decade alone. In I':!:JO, Visa re­
portt:d ca rryi11g $ 174 billiu11 thruugh its nu works, bur by I;1;14, the co111p~111y proce,secl 
$l ':JJ billio11 , a11average: :urnu:tl growth of 17 percent. What's more, credit cards pa y 
tor even the 1nost 111undane purchases. 'li::n years agu, practically all grocery purch<bes 
were 111 cash. 8y Augu::. t I '.:1':15, low-cost supcr1 n:1rkct verification rer1111 11als hclped 
Vi::.a c.irry li I billion 111 groccry charge:::.. 

Worldwide 

Dial Tones 


ellular phones-the lifeline 
for both road warriors and 
stra nded hikers-are just 

microprocessors hooked up to a radio 
anten na and optimized for process­
ing rad io signals. For example, Mo­
torola's Ve Comp chips, the next gen­
eration of processors designed for 
wi re less networks, use a Power PC 
core. The core runs the phone'•s 
OS and handles derails about : 
ca lling numbers. The chips 
also come with a single 
i n-stru ct ion/mul ti pie 
dara (SJMD) array of 
ALUs fo r digital 
signal processing. 

Alth ough th e beep of cellular 
phones has had a substantial effect in 
industri alized nations, changes else­
where are even more extraordinary. 
Large parts of Africa may never be 
wired for traditional phone se rvice, 
because cel lul ar systems are substan­
tiall y cheaper to launch. The micro­
processor has made it possible for 
so me countries to go From almost no 
pho11 es ro ubiquitous phone service. 

Peter Wayner is a BYTE consulting 

editor. Cunlacl him at pcw@access 

.digex.net or editors@bix.com. 

Animation Opens Up a New Dimension 

he 1111crop1 oct:.::.or dramc1u ­
L<1lly change::. how artists pro­
duce an1111att0n b}' making it 

po::.s1ble ru cn.:m1: u ue, J-0 worlds rh.1r 
move. Prev iously. artists constructcd 
antmated cartoons usmg l-0 cream re:. 
111ov111g ag.11nsr a hxed 2-U baL.kgruund 
Like a g<1111e of CJrdbuard cutout::.. Adv er­

nscmcnrs have c: 111braced this technol­
ogy a:. well: Evc:ry product ::.cc111s ro get 
up , 111orph, and clam:c across the screen 
today. 

The re~ulr is 111ore-realistic-looki11g 
animanon and somt: reduction of the 
i111mc1he amount of re::.ou rL.eS needed 
to produce cartoons. for example, 'luy 

Story used the smallest staff of any ani­
mated Disney feamre to dare, yet it was 
entirely 3-D. Di:.uey and Pixar estimate 
that they used over 800,000 hours of 
co111puting rime on Silicon Graphics 
workstations and Sun SparcStations to 
build the final 500 GB worth of pixels 
that audiences viewed in the film. 
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MORE DEVELOPERS PROTECT. 


HASP Packs , 
More Into Less. 
Based on a full-custom ASIC 
utilizing2500-gate, 1. 5-micron E2 

PROTECTS 
technology, HASP packs the most advanced 
protection into the smallest key in the world. 

NSTL Study Rates 

HASP No.1! 

Arecent test conducted by the National Software 
Testing Labs, the world's fo remost independent 
lab,compared the fl agship products of leading 
software protection vendors.* The result? HASP 
was ratedtheclear overall winner - and number 
one in all the major comparisoncategories. 

NSTL TEST RESULTS, OCTOBER 1995t 

ScoringCategory 
Securi ty 

Aladdin 
HASP 

9.3 

Rainbow 
Sentinel 

6.3 
Ease of Learning 9.1 7.1 
Ease of Use 8.3 7.2 
Versatility/Features 
Compatibility 

10 
6.7 

8.7 
6.5 

Speed of API Calls 
Final Score 

0.9 
8.5 

1.2 
6.5 

*For a full copy of the NSTI report, contact your local llASP distributor. 

MORE. 
These days, more and more developers are choosingto protect their software against 
piracy. They're protecting more products,on more platforms,with better protection 
- and selling more as a result. 
And more of these developers are protecting with HASP. Why? Because HASP 
offers more security,more reliability and morefeatures than any other product 
on themarket. 
HASP supports themost advanced platforms, including all Windows 32116-bit 
environments, OS/2, DOS, Mac, Power Mac, NEC, UNIX and LA.Ns. 
To learn more about how you can protect better - and sell more - call now to 
order your HASP Developer's Kit. 

Grow With Aladdin! 
The fastest growingcompany in the 
indust1y, with over 4million keys sold 
to 20 thousand developers worldwide, 
Aladdin is settingthe standard for 
software security today. 

North America Aladdin Knowledge Systems Inc. Tel: (800) 223 4277, 212-564 5678, fax: 212-564 3377, E-mail: hasp.sales@ us.aks.com 
Int'! Office Al addin Knowledge Systems Ltd. Tel: +972-3-636 2222, Fax: +972-3-537 5796, E-m ail: hasp.sales@aks .com 
Ge rmany FAST Software Security AG Tel: +49 89 89 42 21-37, fax: +49 89 89 42 21-40, E-mail: info@[ast-ag.de 
United Kingdom Aladdin Knowledge Systems UK Ltd. Tel: +44 1753-622266, Fax: +44 1753-622262, E-mail : sales@aldn.co.uk 
Japan Aladdin Japan Co., Ltd. Tel: +81426-607191, Fax: +81426-60 71 94, E-mail:sales@aladdin.co. jp 

1-800-223-4277 
www . a k s.com 

••l•llll 

Benelux Aladdin Software Security Benelux B.V. Tel: +31 24-64 19777, Fax: +3 124-6451981, E-mail: 100526. 1356@compuseive.com The Professional 's Choice 

• Aladdin Russia 095 9230588 • Australia Conlab 03 98985685 • Chile Micro!OIJica 02 7350041 • China Shanghai URI 021 64377828 • CzechAtlas 02 766085 • Denmark Be1eodsen 039 577316 • Egypt Zeineldein 02 3604632 • Finland ID-Systems 08703520 • France 140859885 • Greece 
Unibrain 01 6756320 • Hong Kong Hastings 02 5484629 • India Solution 011 2148254 • Italy Partner Oala 02 26147380 • Korea Dae·A 02 8484481 • Mexico SiSoft 5 2087472 • New Zealand Training 04 5666014 • Poland Systherm 061 480273 • Portugal Futurmatica 01 4116269 
1 Romania Ro lnterac!ive 064 140283 • Singapore ITR 065 5666788 1 South Africa 0 Le Roux 011 8864704 1 Spain PC Hardware 03 4493193 • Switzerland Opag 061 7169222 • Taiwan Teco 02 5559676 • Turkey Mikrobeta 0312 4670635 • Yugoslavia Asys 021 623920 
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Birth of aChip 

In only 25 years, the microprocessor has become the life­

support system of the modern world. 

By Linley Gwennap 

ven in 1971, Intel wasn't shy about its acco mplish­
ments. Then only a four-year-old start-up known 
primari ly for memory chips, the company pro­
claimed "a new era in integrated electronics" when 

it launched the 4004, the world's first commercial micro­
processor. For once, an advertising claim proved to be prophe­
cy rather than hype. The 4004 offered approx imately the same 
performance that the ENI­ suggested that the calcula­
AC, with 18,000 vacuum tor be built around a single 
tubes, did in 1946. The general-purpose comput­
4004's low cost ($200) and ing chip, which eventual­
tiny size (12 mm2) enabled ly became known as th e 
engineers to create new cat­ 4004. 
egories of world-changing The 4004 design team 
products. Nevertheless, included Ted Hoff, Stan 
skeptics predicted that the Mazor, and Federico Fag­
market for a single-chip gin (who were all recently 
computer would a lso be inducted into the Inven­
tiny. After all , the total com­ tors Hall of Fame for this 
pute r ma rket was only work). They borrowed 
thousands of units, and the many concepts from the 
4004 was so primitive that larger computers of the 
part of its package was day. But their resources 
wood. were limited: To fit a com­

But th e computer-on­ puter onto a chip, they had 
a-chip became bigger than to reduce the size of both 
any one company. And chip the internal data paths and 
architects continue their the external data bus to 4 
relentless quest to squeeze bits rather than 16. 
ever more power out of This design minimized 
microprocessors. the number of transistors 

that were needed for theLaying Down 
storage and calculation

the Law units and he lped fit the 
The 4004 sprung from Intel device into a 16-pin pack­
co founder Robert Noyce's age, the largest that was 
realization that the IC man­ available at th e time. By 
ufacturing processes for 
memory chips could be used for logic circuits as well. But what 
would be the right logic product? That questi on had been on 
Noyce's mind-and that of Imel cofounder (now chairman) 
Gordon Moore-for almost a decade. Shortly after Fairchild 
shipped the first IC in 1961, several industry visionaries real­
ized it was only a matter of time before someone built a com­
plete computer on a single chip. Most famous ly, Moore, then 
with Fairchild, predicted the number of transistors that could 

be placed on a single chip would double every 18 months, a 
rul e so strong that it has held for 30 years and is now codified 
as Moore's Law. 

In 1969, Moore and Noyce received an auspicious visit from 
Busicom, a Japanese company that was in the process of devel­
oping a desktop calculator. Busicom wanted Intel to design a 
set of 12 specialized chips for the device. Instead, Intel officials 

contrast, today's Pentium 
processor requires a 296-pin package with a 64-b it external 
data bus. Intel's reduction of an entire CPU into a single chip 
meant that even low-cost devices could be programmable, 
which significantly reduced the cost and effort needed to design 
products and add new features. 

Not having to be concerned about compatibility with exist­
ing computers, the team created a set of 45 instructions, many 
still familiar to modern programmers. Rather than encoding 
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Progress 
and Pitfalls 

embedded applications 

all instructions in 16 birs, the ream crammed 
rhe smaller ones into 8 bi rs. This compact 
encoding made the most efficient use of the 
256-byte ROMs avai lable for program stor­
age; the entire code for Busicom's calcula ­
tor had to fit into four of these ROMs, or just 
1 KB. Once rhe 4004's design was fina lized, 
Inte l engineer Faggin converted it into actu­
al transistors and created the physical layout. 

Next Generation 
The 4004 soon bega t b igger a nd fas t e r 
microprocessors. Before rh e 4004 was 
eve n completed , H off and Mazor began 
work on an 8-bit vers ion called the 8008. 
The new chip both pleased and frustrated 
product designers. For exa mpl e, rh e 8008 
was rh e first microprocesso r to includ e 
interrupts, bur th ey neve r worked we ll. 
Intel's encore to the 8008, the 8080, arrived 
in 1974. Where th e 8008 multipl exed the 
address a nd data 

were used in embedded applications. 
Finally, rhe largest computer maker in 

the world paid attention to the ground swell 
of interest in low-cost computers. After con­
sidering mi croprocessors from Motorola, 
Zi log, and others, IBM selected th e Intel 
8088 as the engine of its new persona\ com­
puter, the IB M PC, introduced in '81. 

In 1978, Inte l deve lo ped two sib ling 
devices, the 8088 and the 8086, as upgrades 
to the popular 8080. The 8086 had 29,000 
tra nsistors, six times more than the 8080, 
enabling a host of new features, including 
multiplica ti on and di vision. By speeding 
multipl y and divide operatio ns, the 8086 
performed more-complex calcu lations (e.g., 
in a factory setting, calculating the proper 
ra re to pour sreel based on its temperature). 
All computations were available in 16-bit 
forms, multiplying by 10 the performance 
of the 8-bit 8080. T he designers wanted to 

extend the address 
o nto a single bus, space to 1 MB, but 
th e 8080 offere d this required 20~~~~-~Ttlm,~k~ 

separate buses, sim­
plifyin g sys tem 
desig n . Also, the Transistors 

Die size 808 0 provid ed a 
•. .Transistor size · much better imple­

mentation of inter­ Clock sp~ed 

rupts . The 8080 MIP~~-~ti~g · r.;;. 
w as an 8-bit pro­ Mem~ry ~pacity,~ 4 KB .·· >.. • :~4 ~8,{{,; ,·: ; 1uted ad dr essi ng 
cessor, but certain scheme that is still 
in structi ons oper­ ~,··~r~~~!~t~~~:i1~l~?p~;::fl~.i,i0~ .~:i :~:;. s~ th e ba ne of pro­
ated on pairs of reg­

isters and processed 16 bits of data at once. 

While compatible with the 8008, the 8080 

added new instructions and features, push­

ing the transistor count to about 6000. T he 

chip could address a then-enormous 64 KB of 

memory (today's Pentiums address 2 GB). 


After the 8080 appeared, Gary Ki ldall of 
Digital Research saw the potential for low­
cost computing devices and created an oper­
ating system called CP/M. This software sim­
plified basic user tasks such as creating, 
executin g, and debuggi ng progra ms . By 
1975, hobbyists and industrial users could 
purchase an 8080-based CP/M system from 
Altair and others for well under $1000. 

Microprocessor competition blos­
somed. Faggin and Masatoshi Shima, who 
had managed the 8080 project at Intel, left 
to form Z il og. That co mpany's Z80 chip, 
which was compatibl e with th e 8080 and 
thus with CP/M, became popular in low-cost 
computers. Motorola soon introduced rhe 
6800, and Texas In strum ents, Na ti ona l 
Semicond ucto r, a nd Fairchild laun ched 
their own microprocesso rs, most of which 

bits of address. To 
retain compatibil­

2300 5.5 million ity with the 16-bit 
12 mm2 ; 196 inm2 8080 add resses, 
10 microns 0.35 microns Intel added 4-bit 

] 50 kHz 200 MHz segment registers, 
0.06(1) 440 creating a co nvo­

grammers today. 
The key difference between the 8086 and 

the 8088 was the external data bus: The 8086 
used a 16-bit bus fo r better performance, 
whi le the 808 8 offered an 8-bit bus to reduce 
cost and reta in compa tibili ty w ith 8080 
system designs. The o riginal IBM PC used 
the 8088; later versions used the 8086 as well. 

The popu larity of these systems spawned 
a legion of clone vendors using the 8088 and 
8086. Inte l was th e ma in beneficiary, a l­
though some of the spoils went to Advanced 
Micro Devices (AMO), a licensed second 
source for the chips. 

The Simpler, the Better 
A new microprocessor design philosophy 
emerged in the early l 980s. RISC called for 
s implifi ed instruction se ts w ith a fi xed 
instruction length and consistent encodings. 
The decreasing cost of memory a llowed a 
move to 32-bit instructions rather than the 
8-and 16-birencodings typical oflntel 'sx86 
instruction set. With larger transistor counts 
available, RIS C deve lope rs were able to 
increase the size of the on-chip register fil e 
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to 32 registers rather than the eight available 
in Intel 's chips. These and other changes 
w e re intend ed to imp rove performa nce 
without increasing chip cost. 

Early RISC research included IBM's 801 
p rocessor (which w as never commercia l­
ized) and academic projects at Stanfo rd and 
Ber k e ley le d b y p ro fesso rs J o hn H e n­
nessey and David Patterson, respectively. 
It is no coincidence this wo rk was do ne in 
research ra ther than commercial p roduct 
environments; the radical changes in design 
caused the chips to be inco mpatible with all 
ex isting systems and software. 

But a few visio na ry co mpanies bega n 
nurturing the technology. H ewlett-Packard 
hired Joel Birnbaum and other members o f 
the 801 team to develop PA-RISC. Sun, then 
a fl edgling workstatio n maker, incorporat­
ed much of Patterson's work into its SPARC 
architecture. H ennessey and others fo und­
ed MIPS Compute r Sys te ms to co mmer­
cialize the Stanfo rd work. 

Apple has now converted its entire p rod­
uct line to PowerPC p rocessors, which are 
sold by both M otorola and IBM, to give RISC 

chips 6 perce nt of the overall PC market. 
Since the rest of the PC m arket remains res­
o lute ly in th e Intel/Windows camp, it is 
unlikely that this share will ri se significant­

ly over the next few year s. 
In th e past few years, several vend o rs 

have introduced n ew RISC product lines 
intended for embedded a pplicatio ns rather 
th a n co mpute rs. The Sega Saturn video 
game machine, fo r example, uses SH p roces­
sors fro m H itachi ; the Apple N ewto n uses 
a chip designed by Advan ced RISC M achines 
(ARM). In to ta l, these embedded p roducts 
co nsum e m ore RIS C p rocessors than all 
computer systems co mbined , a nd this area 
will grow over the next several years. 

Dirt-Cheap Chips 
If M oore' s Law ho lds tru e fo r the next 25 
years, microprocessors in the year 2021 may 
be as mu ch as 1000 tim es m o re po we r ful 
than the Pentium Pro chip. Computers built 
a round such p rocessors wo uld be ablt to 
pe rfo rm highly accura te simulatio ns, en­
abling them to p redict fu ture events. T hey'll 
a lso und e rst a nd and sy nthesize spoken 

After completing the 8080 in 1974, Intel 
turned its attention to a much more ambi­

tious device, which eventually came to be 
known as the Intel 432.This processor, which 
could support object-oriented software, was 
years ahead of its time. It loaded and stored 
data using one or more lev­

1980, where it sank without a trace, becom­
ing one of the most spectacular failures in 
microprocessor history. 

When Intel realized the 432 was in a deep 
hole, it rushed to staff a new project that would 
become the 8086. The company assigned two 

engineers to develop the 
els of pointers, giving soft­
ware great flexibility in how 
it organized memory. Each 
data element had an asso­
ciated type (integer, char­
acter, pointer, etc.), and the 
processor always checked 
that each data value was of 
the correct type before 
using it. The 432 also sup­
ported features- such as 

Ahead of Its Time 
The 432 supported: 
• C!lJ:IO~:!l1l~[ttll'l:!!U!i!tlrG 

· ~Lil.!lttm1m!~b 
• mpgtim 
• llllllmll'Ifm~ 

instruction set and basic 
design of the chip and 
gave them just three weeks 
to complete the task. The 
8086 went into production 
in 1978, just one year after 
its conception. Its design 
became the basis for the 
x86s used in all IBM-com­
patible PCs to date . 

Perhaps because of its 
memory error correction, 
multiprocessing , and fault tolerance-that 
would not become common for another 
decade or more. 

Due to its complexity, the design of the 432 
took much longer than anticipated. When Intel 
finished the initial version of the chip in 1977, 
the company realized that wading through 
pointers and checking data types completely 
bogged down the system. Performance on typ­
ical applications was five to 10 times slower 
than on competitive processors. The 432, still 
entirely too slow, didn 't hit the market until 

rushed origins, the 8086 
has many unusual features. The programmer's 
options were limited because certain instruc­
tions were tied to specific registers: the ADD 
instruction can access only register A, the LOOP 
instruction uses only register C, etc. And the 
segmented addressing allows confusing situa­
tions, such as two program addresses pointing 
to the same location in memory, or the same 
address pointing to two different memory loca­
tions. Although some of these quirks have been 
fixed in later processors, programming x86 chips 
remains a challenge. 
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How to Turbocharge Chips
.................................................................................................................. 


Chip architects have wrung out perfor­
mance in microprocessors in two basic 

ways: improved manufacturing techniques that 
boost clock rates and additional circuits that 
mean chips can do more work per clock cycle. 

Early microprocessors took several cycles 
to execute a single instruction, and the num­

ber of cycles varied depending on the type of 
instruction. In the mid-1980s, a key innovation 
of RISC processors was to overlap instruc­

tions in a pipeline so that each took only a sin­
gle cycle to execute. Intel and other CISC ven­

dors figured out how to add pipelining to their 
chips, starting with the 486 in 1989. 

As manufacturing processes continued to 
improve, more and more circuits could fit onto 
a single chip, so designers began adding capa­
bilities like superscalar execution. In 1989, Intel 

introduced the i960CA, which could execute 
not one but two instructions per cycle, making 
it the first superscalar processor. 

By 1995, the state of the art was four instruc­

tions per cycle. This summer, IBM introduced a 
six-instruction microprocessor. By doing more 
work in parallel, overall performance improves 
significantly. The complexity of superscalar chips 
adds to their cost, but since chip prices drop 
continually, this hasn't been an issue except in 
low-cost embedded applications. 

Even though processors can execute sev­
eral instructions per cycle, today's software 

typically executes one instruction at a time (for 
compatibility with older processors). If an 
instruction cannot be executed immediately 

(for example, because its data must be fetched 
from external memory), most processors grind 
to a halt until that instruction can be completed. 

To get around this problem, several new 
microprocessors, including the PowerPC 604 
and Pentium Pro, implement out-of-order exe­

cution. If one instruction has to w ait, the pro ­

cessor simply begins work on the next instruc­
tion instead of stalling. This subsequent instruc­

tion thus completes before the first instruction, 
reversing the order that was originally intend­

ed. In order for everything to appear to the soft­
ware to be executing in the correct order, the 
CPU must be smart enough to know when this 

shuffling is appropriate. 

Designers have also taken advantage of the 
growth in transistor volume. In the 1980s, ven­

dors began adding memory management units 
(to handle large programs) and floating-point 

units (to handle large calculations) onto their 
microprocessors. Today, some microproces­

sors contain special circuits to connect direct­
ly to memory and 1/0 chips. 

Cache memory is another popular way to 
take advantage of burgeoning transistor 

counts. By the early 1990s, microprocessors 
with several kilobytes of on-chip cache became 

common. This memory responded much 
quicker than external memory, so if critical data 

were kept there, the CPU could operate more 
efficiently. Over time, designers increased the 
size of this memory. Digital's 21164Alpha pro­
cessor contains 11 2 KB of cache organized 
as three separate memories. 

Next year's processors will have even more 
transistors, CPUs will execute more instruc­
tions per cycle, and out-of-order algorithms will 

get more efficient. In time, developers may build 
new instruction sets that allow programs, rather 
than the processor, to put instructions into 
superscalar groups. This new technique will 
eliminate the complex grouping and out-of­
order circuitry found in current superscalar 

processors. Intel is expected to take this path 
with its Merced (aka P7) processor, which is 
due to be released in 1998 or '99. 

The World According to Moore 

Transistor counts that double about every 18 months enable new chips to do 
more work per clock cycle. 

Year 

Chip 4004 8080 8086 80286 386DX 486 Pentium Pentium 
Pro 

Transistors 
1 

2300 6000 29,000 134,000 275,000 1.2 million 3.1 million 5.5 million' 

for CPU, excluding cache 

words and render photorealistic 3-D images. 
Perh a ps mo re important , the per for­

mance of the $1 microprocessor could also 
increas e significa ntly in 25 years. Even 
dirt-ch ea p chips will be many times more 
powerful than today's Pentium Pro. These 
low-cost chips will provide intelligence to 
many everyday devices that interact with 

users mainly through speech. Micropro­
cessors have already brought tremendous 
changes to society, but ho ld on tight-the 
ride's not over yet. Ill 

Linley Gwennap is editor of Microprocessor 

Report (Sebastopol, CA). Contact him via edi­

tors@bix.com. 
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Eight Ways to the Future 


Technology leaders agree: Change is the only sure thing 
about computing in the next decade. 

By Robert L. Hummel 

wenty-five years ago, IC engineers fired the first shot Digital Semiconductor and a key architect of the Alpha pro­
in a technology revolution that changed ou r world. cessor, believes that the more significant inventions were the 
Their ammunition: the first co mmercia l micro­ stored-program digital computer, the transistor, and the inte­
processor. grated circuit. "The first microprocessor represented the tech­

Today, the revolution lives on as the rate of microproces­ nology evolution of those three basic inventions, " Dobberpuhl 
sor-induced change in our lives accelerates rather than shows says. Adds Doug Engelbart, legendary inventor of computing 
any signs ofsubsiding. Faster processors at relativel y low prices, technology and founding director of the Bootstrap Institute: 
new and better semiconduc­ "Ifyou look at the whole 
tor manufacturing tech­ array of digital technol­
niques, an d more imagina­ ogy, the microprocessor 
tive software could make the is just a part of that. Nan­
next generation of comput­ otechnology will eventu­
ing even more eye-popping ally take us way beyond 
than the first. [microprocessors]." 

How significant has the Whether you believe 
microprocessor' s impact the microprocessor com­
been? Many people rank it pares to the wheel, o r to 
among the top inventions of a more modest inven­
not only this century but of tion-like, say, movable 
any century. For some peo­ type-its impact has 
ple, microprocessors surpass touched nearly everyone 
even the wheel among man­ in th e last quarter of a 
kind 's achievements. century. What will the 

"Wh en we add hum an next 25 years bring? No 
vision, innovation, insight, one we know is fool­
knowledge, and wisdom in hard y enough to tackle 
the form of software to th e that question. But we 
microprocessor, we can see tracked down four other 
that [the impact has been] technology experts (in 
so much more than even the addition to Andreessen, 
wheel," asserts Marc An­ Grove, Dobberpuhl, and 
dreessen , vice president of Engelhart) whose deci­
technology for Netscape sions can shape, shake, or 
Co mmunications. "And shatter the computer 
we've only begun to scratch indu stry in the more 
the surface of what the immedi a te future (see 
microprocessor makes pos­ page 88 for biographies 
sible," he adds. 

Other experts, including Intel'sAndrew S. Grove, now pres­
ident and CEO of the company that gave us the first commer­
cial microprocesso r, see the computer-on-a-chip as part of 
broader and more significant technologies. "I would com­
pare the microprocessor unit (MPU) to the invention of lan­
guage and not the wheel. Both language and the MPU are allow­
ing us to think and invent in new ways." 

Dan Dobberpuhl, senior corporate consulting engineer at 

of our participants). We 
asked them to peer five to 10 years into the future. In the fol­
lowing pages, they discuss how microprocessors may spawn 
more powerful PCs, ubiquitous portable computing devices, 
home LANs, and a global information network that may even 
make the world a better place to live. Of course no one knows 
for certain what the future holds, but if the ideas of these indi­
viduals are any indication, computers and our lives will con­
tinue to become more intertwined with each passing year. 
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IP:i'13.. -·~~~-----f:lt'~b ht Ways to the Futur e 

The Future of 
Microcomputing 

What will the standard PC 
offer in five years? 

What new features will come 
in 10 years? 

Will tomorrow's computers 
be predominately genera/­
purpose or specialty (i.e., 
Web PC) systems? 

How will microprocessors 
change our homes in the 
next decade? 

What kind ofnew GUis will 
more powerful processors 
make possible in 10 years? 

How important will the 
Internet be in five years? 

How long will Moore's Law 
continue to be relevant? 

When will quantum effects 
and other problems 
require radically new chip 
technologies? 

Will we manufacture chips 
in zero-gravity environments 
in orbital (abs anytime soon? 

It will have a thin, rich-color This is sort of li ke asking, in 1896, Eight times faster per CPU (with 
screen; process spoken com­ what the office typewriter will look symmetric multiprocessor op­
mands; integrate voice, video, like in 1996. tions), four times more memory, 
and screen-sharing with power­ flat-panel touch displays..speech 
ful visualization tools; run about recognition, eye tracking, and 
10 times as fast as today. videoconferencing. 

........................ .......... .. . ........ ...... ........ .. .................. ··············· 

Another factor of 10 in perfor­
mance and storage capacity.Peo­
ple will wear computers tied to 
lightweight "mirror shades"-style 
displays. 

Specialty systems may outnum­
ber PCs in five years, but even 
more important will be ubiqui­
tous computers for flexible, secure 
access to your information, wher­
ever you go. 

At least one- third of American 
homes will integrate entertain­
ment systems and satellite, cable, 
Internet, energy,and lighting tech­
nologies with networked infor­
mation by the end of 10years. 

The idea of a GUI is too restric­
tive. Imagine an immersive user 
interface that leverages global, 
real-time, multimedia, and net­
worked information. 

The Internet will have begun to 
disappear, likeelectricityand tele­
phony, into the woodwork. And it 
will [be accessible) everywhere, in 
wired or wireless forms. 

Through 2020, when we will see 
a discontinuous improvement in 
performance rejoining a new 
Moore's Law curve based on a 
transition toward molecular nan­
otechnology. 

Probably until about2007. By that 
time, however, dramatically new 
chip technologies based on qua n­
tum dots and tunneling will have 
begun to arrive. 

Only as an unlikely and distant 
possibility. Nanotechnology will 
have begun to bear fruit before 
zero-gravity chip manufacturing 
makes sense. 

·· ······· ······· ··· .. ······· ···· ····· ·· ···· ·· ··· ···· ···· 
Asecure, truly mobile agent Ian-
guage-way beyond Java-will 

What will be the next "sea eliminate the TowerofBabel that 
prevents us from harvesting morechange" in computing? of the benefits of computing and 
communications today. 

[See #1] 

The location of disk drives is not 
the issue. But seamless down­
loading and full associative link­
ing of software and information, 
together with a suitable payment 
method, holds enormous promise. 

Integrated systems will access 
text, voice and video messaging, 
interactive entertainment, and 
electronic commerce. But let's 
hope that our children still learn 
to program! 

Forty times faster per CPU (four­
way SMP, gain depends on soft­
wa re), 16 times more memory, and 
[who knows what else?). 

They will coexist. Over time,spe­
cialty devices will domina.te 
because they'll be clleaper. Gen­
eral-purpose devices will remain 
important, especially in business 
and technical applications. 

Embedded microcontrollers are 
already pervasive. In 10 years, 
they'll be linked by wireless net­
working within the home,leadihg 
to all sorts of wild possibilities. 

......... ........ ... .......... ..... .', , , ... . ........ .. ........ . 

Many people will be able to com- There are only so many things to 
municateverbally wi th aporta ble be done with GUls. The real 
digital "representative": an on-line advances will be in how the com-
business agent and personalsec- putergets its inputsfrom humahs, 
retary. Some representatives will with things like speech recogni­
be at home in 3-Dvirtual worlds. tion, eye tracking, etc. 

At least as important as the com­
bination of phones, TV, radio, 
printed publications, and PCs are 
today. 

The enormous investments already 
made should allow current chip ' 
techn ology to contin ue its 
price/performance trend fo r fi ve 
to 10 more years. 

I'm not sure we will be forced to 
develop nanotechnology, but I 
sure hope we do. 

There's some futurefor it, but the 
extent of it remains to be seen. 

t · 
We may experience a gradual 
drift into a surveillance society. 
Alternately, cryptography and 
digital "representatives" will pro­
tect our privacy while allowing 
participation in cyberspace. 

Demand for high-performance 
internetworking will continue to 
outstrip the ability of the com­
munications infrastructure to 
actually supply it 

For at least 10 years. The rates of 
improvement are likely to drop 
offsomewhat however, duepri­
marily to economic considera­
tions rather than technical limi­
tations. 

Quantum effects are here today 
and must be taken into account. 
But they won't forcefundamen­
tal changes within the 10-year 
horizon. 

No. 

The merging of cellular phones, 
portable computers, and high­
speed networked servers offers 
many exciting possibilities. 

• . •• .•••• · - · k:.,... ~ 
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The standard PC may well be your 
personal PC rather than the office 
PC. It will probably be a descen­
dantofthenetworkcomputerthat 
we're talking about today. 

Surgically implanted? 

The network computer is going to 
be the genera lcomputer. The idea 
of locking up all your resources in 
one box will disappear. 

Home-based education, commu­
nications, collaboration, and 
telecommuting will expand. 
Appliances, lighting. and other 
things in our homes will become 
more flexible. 

.. ........ .... 


Multiple video windows for desk­
top conferenc ing, intelligent 
agen ts for filtering and finding 
information on intra nets and the 
Internet, rich 3-D graphics. All 
managed remotely. 

Any answer, from anyone, is 
science fiction. 

ThePC wi ll still bethe ma instream 
machine, but there wi ll be a wide 
ra ngeofspecialty periphera Is that 
connect to it. 

In five years, you'll play games on 
a PC instead of a TV, do home­
work on a PC instead ofon paper, 
and communicate via your home 
PC. 

Ever-increasing processor perfor­
mance enables ever more photo­
realisticand3-D GUls. Iexpectthat 
this trend will continue. 

Humans subtract out powerful 
mediums-such as radio and TV­
from their experience and focus 
on the content. The Internet will 
be the same way, vastly impor­
tant, and just there. 

It will be stable-for at least the 
next 15 years. 

Again, for at least the next 15 
years. 

No. 

lfl knew that... 

The office PC will have aspeech­
enabled human interface with the 
ability to access. process, and store 
information all over the world. 

The desktop PC will disappear, 
replaced by a pocket-size mobile 
device with 10timesthe powerof 
contemporary PCs. 

In five years. the vast majority of 
computers will be general-pur­
pose PCs. In 1 O years, the volume 
computer will be a hand-held 
device for wireless, e-mail, and 
Internet communications. 

lnfiveyears,homeswillhaveacen­
tral PC serving as the communi­
cations backbone for the family. 
In 10 years, there will be a major 
shift to personal mobile commu­
nications and computing. 

········· ··· ····· 
Dramaticimprovementsinmicro­
processorperformancewillfinal­
ly bring computing to a new 
human-interface era of speech 
and virtual reality interfaces. 

The Internet will become the pri­
marysourceofinformation, train­
ing, and customersupportboth at 
home and at work. 

Three-dimensional imaging and 
rendering, speech, Internet 
agents. and the human interface 
will drive the almost insatiable 
desire for computing power 
indefinitely. 

The challenge is to drive on-chip 
voltages to 1 Vas we approach 
0.1-micron gate geometry to 
avoid quantum effects.Thistrend 
will probably continuefor 15 years 
before we hitthe brick wall. 

Capital costs of space manufac­
turing are and will remain pro­
hibitive for the foreseeable 
future. It's also hard to find peo­
ple with both manufacturing and 
astronautical skills. 

The human interface will finally 
fulfill the ease-of-use model for 
everyone to feel comfortable.The 
interface will consist of sophisti­
cated speech recognition and syn­
thesis and virtual reality. 

It will like ly operate in the range 
of 300 to 700 MHz. Its perfor­
mance will sca le linearly with fre­
quency, so a 500-MHz PC wi ll be 
five times as fast as today's 100­
MHz PCs. 

The networking infrastructure 
will begin to catch up to the capa­
bility ofpersonal computers. Cur­
rently, this infrastructure hobbles 
their capability. 

In five years, there will be some 
fragmentation toward specialty 
devices.But because this isa cost­
driven industry, general-purpose 
computers will dominate. 

Fat pipes will make our phones 
and TVs more PC-like. Ever more 
powerful microprocessors will 
enable computers to become a 
central communications tool or 
port in our homes. 
·········· ····················· ··· ···· ·· 
Untrained speech and handwrit­
ing recog nition will be common­
place. Motion picture-quality 
video and3-D graphics with sur­
round-sound will be directed by 
vo icecommand. 

The Internet will be as ubiquitous 
in our lives as cable television is 
today. 

While it becomes increasi ngly 
expensive andthe slope ofthe line 
mayflatten abit, Idon't see an end 
to the progressionover the next 
10years. 

Silicon has legs. We will still be 
using it below .1 micron! 

Truly a dumb idea. In our cost­
driven industry, there would not 
be an acceptable economic return. 

Fat pipes. The fifth wave ofcom­
puting, i.e.. public-networkcom­
puting, will realize its full poten­
tial when bandwidth is as cheap 
as bits. 

GUlsare metaphors ofyesterday's 
wayofliving-adesktop, afolder, 
and so on. We need to think of 
waystoconnecthumansto[infor­
mation]thatare notrelatedtothe 
underlying system. 

Eleven on ascaleoflO. Thatkind 
ofcommunication is priceless and 
inevitable. We absolutely have to 
think ofthe future with a public, 
global, high-speed network. 

The limit for miniaturization, 
speed, and low cost [is) beyond 
where semiconductors can go. In 
10 years, another techn ology 
might replace semiconductors. 

We'll run out of gas in 10 years. 
Eventually we'll be arranging 
individual molecules. 

Zero-gravity is great for some 
things, but what? On many 
processes, gravity has negligible 
effect Surface tension, for exam­
ple, can be agreater factor. 

Improving the collective IQ for 
people who want to collectively 
work on tough problems. That's 
the grand challenge.The first one 
to do it wins. and the real winner 
is humanity. 

Eight times more RAM, eight 
times more magnetic storage, 
four times faster processorspeed. 
Built-in support for teleconfer­
encing and intelligentdatabases. 

Seamless integration of comput­
ing and communication, pattern 
recognition for speech, and simul­
taneous language translation for 
simple sentences. 

The general-purpose PC will con­
tinuetobedominantforthefore­
seeable future, but there is room 
for specialty systems. 

Our homes will enjoy on-demand 
entertainment, virtual reality 
games, and acritical mass of mul­
timedia and interactive education 
software with the associated social 
impact. 

We'll manipulate simulated 3-D 
objects and navigate in a 3-D 
cyberworld. The computer will 
have the senses of touch, hear­
ing, and sight, making possible 
human-like interactions. 

It will have majorsocial impactand 
vast technological and economic 
consequences. It will promote 
peace by bringing people togeth­
er and will restructure the com­
munications infrastructure. 

For at least another 30 years. 
Moore's Law will progressively 
slow down , from doubling every 
one-and-a-half years now to 
doubling every two years start­
ing in five years. and so on. 

Afactor of 1000 in circuitdensity; 
a factor of 100 in chip area. From 
one active layer to multiple active 
layers, up to 100 layers; overall a 
factor of 1,000,000. 

While research may be important. 
Isee insignificant manufactur­
ing in space for at least the next 
20years. 

Computers with sensory-motor 
capabilities that turn into 
autonomous, intelligent machines 
capable of purposeful and intelli­
gent behavior in the real world. 
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Eight Ways to the Future 

Our participants are: 

Marc Andreessen 

Vice president oftechnology, 

Netscape Communications Co1p. 

At age 22, Andreessen cofounded Net­
scape and used his undergraduate work 
on Mosaic, a prototype Web browser, as 
the foundation for Netscape Navigator. 

David Chaum 
Chiefoftechnology and chairman, 
DigiCash B. V. 
Chaum is the founder and chairman of 

Digi Cash, a developer of electronic cash 
payment systems. He formerly was the 
head of the Cryptography Group at 
CWI, the Dutch nationally funded cen­
ter for research in mathematics and com­
puter science. Chaum also founded the 
International Association for Crypto­
logic Research. 

Dan Dobberpuhl 

Senior corporate consulting enginee1; 

Digital Semiconducto1; 

Digital Equipment Corp. 

Dobber puhl led th e company's RISC 

development effort, which produced the 
Alpha processor architecture. He was a 
design leader for a variery of VLSI pro­
jects, including the PDP-11 and Micro­
VAX 2. 

Doug Engelbart 
Founding director, Bootstrap Institute. 
Best known for developing an innovative 
wooden mouse in 1963, an integrated 
hypertext/groupware system, and numer­
ous other concepts now at the core of 
computing, Engelbart's work atthe Boot­
strap Institute centers on bringing com­
panies together to coll aborate on new 

How important is a broad product line? 
Deltec's roots were established 
protecting critical mainframe applica­
tions. We now bring those advanced 
features to micro UPSs with the most 
comprehensive product offering 
available and factory trained service 
engineers throughout the nation. 

How do you evaluate system reliability? 
After more than 25 years as a technol­
ogy leader end-users, independent test 
labs, and leading computer manufac­
turers alike have ra ted Deltec UPSs #1 
in this vital area. 

Why is power management software 
important? 
Protecting data is as important as 
safeguarding hardware. Deltec's power 
management software saves data 
throughout the network and ensures 
graceful shutdown during extended 
blackouts. LanSafe III and FailSafe III 
packages are compatible with all major 
operating systems - and work with 
Deltec's, as well as other 
manufacturer's, UPSs. 

"Tough questions to ask about UPSs. 

And the answers you'll get if you ask..." 


No. Deltec offers the industry's longest, 
most comprehensive warranties 
including 5- and 10-year pro-rated 
warranties, $25,000 Load Protection, 
and a 60-Day No Questions Asked 
Customer Satisfaction Guarantee. 

Aren't all UPS batteries alike? 
Batteries, the most critical component of 
any UPS, are alike. Deltec is the only 
manufacturer to offer Advanced battery 
Management (ABMTM) that uses a 
patented 3-stage charger to double 
battery life. Exclusive circuitry also 
provides reliable advanced warning 
when batteries require service - so 
users are never left in the dark. 

What determines price/performance 
value? 
From PCs to mainframes, Deltec UPSs 
are, the price/ performance leaders in 
the areas most important to users: 
reliability, ease-of-use, and customer 
support. Deltec's goal is to offer 
products with unique user benefits at 
very competitive prices. 

technologies. 

Federico Fagg in 
President and CEO, Synaptics Inc. 
As an Intel engineer, he created the phys­
ical layout of the 4004, the first commer­
cial microprocessor. Later, Faggin found­
ed Z il og, the developer of the Z80 
processor, and in 1986 he helped launch 
Synaptics, which develops pattern-recog­
nition and neural network systems. 

Andrew S. Grove 
President and CEO, Intel Corp. 
Grove became Intel 's president in 1979; 
in 1987 he was named chief executive 
officer. He holds several patents on semi­
conductor devices and technology. 

Jerry Rogers 
President and CEO, Cyrix Corp. 
When Roge rs helped found Cyrix in 
1988, th e company was primarily a 
designer of math coprocessors. Fo ur 
years later, the firm started making 
microprocessors. 

W.J. (Jerry) Sanders Ill 
Chairman and chief executive officer, 
Advanced Micro Devices. 
Before cofounding this semiconductor 
firm in 1969, Sanders held a variety of 
positions in the engineering, sales, and 
marketing departments of Mororola 
Semiconductor, Douglas Aircraft, and 
other companies. Ill 

Robert L. Hummel is a programmer, 
consultant, and author. You can reach 
him at rhummel@monad.net. 

PHOTOGRAPHS (CLOCKWISE FROM TOPLEF11 : PAGE 70. 
© MICHAEL SI LUK/THE IMAGE WORKS. W. CODYIWESTL\GHT. 
MEDICHROMEITHE STOCK SHOP; PAG E 72. PHOTODISC, 
INC.• C . C LARKEIWESTLI G HT. RON KIMBALL STUD IOS. 
PHOTODISC,INC., PHOTODISC.INC., l\GHTWORKS PHOTO­
GRAPHIC, INC. 
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PowerPC Speed Demon 

Exponential Technology's 533 -MHz bipolar microprocessor will breathe 

new life into the PowerPC architecture and the Macintosh. 

By Tom R. Halfhill 

[!] here's an old joke about a computer so fast it can exe­
cute an infini te loop in 10 seconds. Exponential 1i.ech­
nology's new PowerPC-compatibleX704 chips aren't 
quite that fast, but their clock speeds of 466, 500, and 

533 MHz make you wonder if that joke might come true. 
Yo u can bet th at Inrel isn ' t laugh ing. Exponential's CPUs 

will munch on Pentium and Pentium Pro chips for brea kfast. 
What's more, the X704 appears to have plenty of head room for 
future performance gains. 
It' s ac tuall y a co nse rvative 
design that doesn't push the 
limit of what's possible . 

Until now, the on ly mi­
croprocessor announced at 
500 MHz was Digital Equip­
ment's Alpha 21164, an ex­
otic and expensive chip for 
high-end workstations and 
servers . The 21164 still has 
an edge in performance. At 
500 MHz, it delivers an esti­
mated 15 .4 SPECint95, com­
pared to Exponenrial's esti­
mate o f 11 to 13 SPECint95 
for the X704. 

Bur Intel's swiftest Pen­
tium Pro chip, cur re ntly at 
200 MHz, offers only 8.09 
SPECint95. Intel will intro­
duce a faster version by the 
tim e the X704 sh ips in the 
second quarter of 1997, bur 
the Pentium Pro still won't 
threaten the X704's perfor­
mance lead among relative­
ly affordable desktop com­
puters and servers. 

The X704 is compatible 
with the PowerPC 604 from 
IBM and Motorola and meshes well with existing 604-based sys­
tem designs. By mid-1997, when the X704 appears in new Macs, 
Mac clones, and PowerPC systems that retai l for around $5000, 
it may become the chip of choice for desktop publishing, image 
editing, software development, and other CPU-intensive rasks. 

Those aggressive prices are possible beca use Exponenti al 
expects to sell the X704 for about $1000. That's roughly $500 
less than the price of a 433-MHz Alpha (the 500-MHz Alpha's 
price wasn' t set at press time). The X704 will debut at about the 
same introductory price as the 66-MHz Pentium in 1993 and the 

150-MHz Pentium Pro in 1995. Yet it will hit th e ground run­
ning at clock speeds unprecedented for a mainstream CPU. 

Mood Swings 
Exponenrial's secret weapon is bipolar logic. As reported ear­
lier in BYTE (see "Watch Out: 500-MHz PowerPCs Planned for 
1997," May), Exponential 's design combines fas t-switching bi­
polar transistors in the logic circuits with economical CMOS tran­

sistors in the memory cell s. 
Bipolar transistors switch 

states by swinging between 
two intermediate voltages, 
while CMOS transistors must 
alternate between their min­

. imum and maximum volt­
ages (see the figure "Bipo­
lar's Speed Advantage" on 
page 88NA 4). The small er 
voltage swing (about 0.5 V) 
translates into higher clock 
speeds. 

T he result: The X704 is 
a model of speed and effi­
c iency. Remarka bl y, it's 
made on a 0.5 -micron fabr i­
cation process. Intel makes 
both the Pentium and Pen­
tium Pro at 0.35 micron, and 
by next year it will move to 
0.28 micron , with 0.25 mi­
cron soon to fo ll ow. Like­
wise, IBM and Motorola are 
phasing in 0.35-micronPow­
erPC chips, and 0.25 micron 
is coming in late 1997 or 
1998. Yet Ex ponential ex­
pects to keep the X704 at 0.5 
micron until mid-1999. 

One reason may be that 
bipo lar transistors run hotter and therefore can' t be packed as 
closely together (more on thi s later). Exponential says CMOS 
chips need smaller and smaller geometries to reach higher clock 
speeds, wh ile the X704 already runs comfortably at 466 to 533 
MHz on its current process. Moreover, the 0.5-micron process 
is less costly than the newer, smaller processes. And it's proba­
bl y easier for Exponential to find a fob partner if the X704 does 
not need leading-edge technology. (Exponential isn't yet nam­
ing its partner, but it's an Asian semiconductor manufacturer.) 

Even at th e relatively large geometry of 0.5 micron, the X704 
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PowerPC Speed Demon 

has a small die of only 150 square mill i­
meters. It has only 2.7 million transistors 
(partly because bipolar logic gates don 't 
require ext ra transistors fo r speed buf­
fe rs), less than half as many as the Pentium 
Pro. What's even more impressive is that 
onl y 700,000 of those transistors are bi­
polar logic-the rest are CMOS memory 
cells in the caches. To put this into per­
spective, the X704 has roughly the same 
number of logic transistors as an Intel 486. 

Design Simplicity 
By today's standards, the X704 is almost 
a back-to-nature RISC chip. It's consider­
ably less complex than a 604, 604e, or Pen­
tium Pro . It's not superpipelined, and it 
omits such fa ncy features as speculative 
execution, instruction reo rdering, and 
register re naming. The primary (Level 
1, or LI) instruction and data caches are 
surprisingly small-only 2 KB each. The 
X704 has three-way superscalar execution 
and bra nch pre dicti o n, but nowadays 
that's nothing special. 

What is unusual is an integrated sec­
ondary (Level 2, or L2) cache. At 32 KB, it 
accounts fo r most o f the chip 's transistors 
and 80 percent of the CMOS transistors. 
The only other CPU with an integrated L2 
cache is the Alpha. (Although the Pentium 
Pro has an L2 cache in the same package 
as the CPU, it's still an external cache on 
a separate d ie .) 

Exponential integrated the L2 cache 
because a processor as wickedly fast as this 
one is in perpetual danger o f starvation. 
At its peak ra te of three instructions per 
cycle, a 533-MHz X704 executes 1.6 bil­
li on instructi ons per second. It won' t be 
easy for a typical system bus running at a 
poky 50 or 66 MHz to keep this extraor­
dinary core fed with instructions and data. 

Exponential is tackling this p roblem 

X704 Dossier 
•Price: $1000 

• Performance: 11 to 13 SPECint95* 
• Volume production in 02 1997 

• Core speeds: 466, 500, and 

533 MHz 

•Bus speeds : 50 to 100 MHz 

• PowerPC 604-compatible bus 

• 0.5-micron BiCMOS process 
• Die size: 150 square millimeters 
• 356-pin ball-grid-array package 

*Based on company estimates. 

ABipolar Twist 
...... ..... ....... ....................... .. .......... 


Today's general-purpose processors use CMOS for both logic and n:emory. Altho~gh 
Intel uses a bipolar-on-CMOS, or BiCMOS, process for the Pentium and Pentium 

Pro, the bipolar elements play a minor role. And because Intel's BiCMOS process is pri ­
marily CMOS, the bipolar transistors don't reach their full potential. In fact, Intel will aban­
don BiCMOS in favor of pure CMOS next year. 

Exponential's approach to BiCMOS is quite different. Instead of bipolar-on-CMOS, it's 
CMOS-on-bipolar. The bipolar process dominates the design, even though the CMOS tran ­
sistors outnumber the bipolar transistors. The result: Fast-switching bipolar transistors 
help the X704 achieve its impressive 466-to 533-MHz clock speeds. 

CMOS 

0.5-V swing 

The smaller voHage 
swing in bipolar ECL 
circuitry translates into 
higher clock speeds. 

3-V swing 

Switchpoint 

To change states, CMOS transistors switch from highest to lowest 
voltages. Bipolar transistors change at an intermediate voltage. 

in several ways. In addition to th e inter­
nal caches, the X704 needs an external 
L3 cache, ranging from 512 KB to 2 MB, 
for best performance. The write-th rough 
L1 caches are di rect-mapped fo r the fas t­
est possibl e access, and the unifi ed L2 
cache is eight-way set-associative and has 
a write-back mode. There's also a burst 
mode and built-in cache coherency for 
multip rocessor systems. 

The X704 also supports bus speeds as 
fast as 100 MHz. H owever, only the 500­
MHz chip can drive the bus at th at rate. 
In most systems, th e 466- and 533 -MHz 
chips will limit the bus to 66 MHz, because 
100 MHz doesn 't yield an even clock-di­
visor ratio. Clearly, the X704-500 will be 
the go lden CPU for !JO-intensive servers. 

But don't get too excited yet. Design­
ing a system that runs at such high bus 
speeds is tricky. Apple, like most system 

vendors, has never made a motherboard 
faster than 66 MHz. The X704 will prob­
ably iso late th ose higher bus speeds on 
a daughterca rd th at plugs into a slot on 
the motherboard . Apple's high-end Pow­
er M acs and similar Mac clones already 
support such a daughtercard, so users can 
upgrade their CPUs. 

That means some M ac owners will sim­
ply plug in a new daughtercard to get an 
X704. The only drawback is that current 
systems put th e L2 cache (which acts as 
an L3 cache for th e X704) on the mother­
board. It can 't run faster than 66 MHz. 

Exponential's future solution is an in­
line cache managed by a new ASIC on the 
daughtercard . The ASIC will contain an 
L3 cache contro ll er and dual ports. One 
port connects the 100-MHz CPU bus to 
synchronous-burst static-RAM (SRAM) 
chips in the L3 cache, which are also on 
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Daniel, f or example. 


To get your work done, you've always needed CAD . But then 

along comes Visio® Technical. a Windows-based drawing 

program that's actua lly easy to learn and use. Our SmartShapes ' 

technology lets you create 2-D technical drawings and schematics 

that are both intuitive and intel ligent. Yo u can fini sh drawi ngs 

faster, make changes eas il y, wo rk wi th AutoCAD files and even 

create cu stom so lutions through OLE Automation. Make th ings 

easy on yourself for a change . Cal l 800-24-VISIO, ext. E27 or 

vis it www visio .com . For corporate evaluation cal l 800-VISI0-07 

Visualize your business 1 

"' 

© 1995 V1s10 Corporation V1sio. V1s10 Techmcnl and SmartShapes are registered trademaiks of Vis10 Corporatton All other 11 ademark~ are held by their respective compar1+es 
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May we be straight with you? Good. installed. No struggling to make off-the­

Because there is no better way to buy rack systems work on your network.You 

your company's PCs than straight from Dell. plug, you play, you go have lunch. 

We manufacture every OptiPlex desktop Since we build them so well, we feel a 

precisely to your order. Equipped the way powerful commitment to support them 

you want it, configured the way you want well, too. After all, who better to look 

it, with all the drivers and software pre- after your machine than the company 

BULL. 
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that designed it from the ground up? 

And of course with all those middle people 

relegated to the sidelines, we're usually 

able to give you more muscle for less money. 

Give us a call. Unless you're looking for the 

grand tour, we're the most pleasantway to get 

from where you are to where you wantto be. 

BU 
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DELL. 
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of Intel Corporation. Microsoft. Windows and Windows NT are registered trademarks 

DELL• OPTIPLEX" GXpro 180 
1aOMH1 PENTIUM" PRO PROCESSOR 
• NEW Tool-less Convertible Chassis 

• 64MB EDD ECC DIMM Memory 
• 256KB Integrated L2 Cache 

• 3GB EIDE Hard Drive (10ms) 

• Dell 17LS Monitor (157" v.i.s I 
• S3 Trio 64V+PCI with 2MB VRAM 

• ax EIDE CD-ROM Drive 
• Integrated Vibra 16 Audio 
• Integrated 3Com'" PCI Etherlink'" Il l 

• Windows NT'" Workstation 4.0/ 
1 Year Free NT Support 

• 3Year Limited Warranty' 

PICTURED SYSTEM 

Business Lease0: $126/Mo. 
OrderCode #300367 

DELL OPTIPLEX GXi 166 
166MHz PENTIUM PROCESSOR 
• NEW Tool- less Convertible Chassis 

• 32MB EDD DIMM Memory 

• 256KB PipelineBurst Cache 
• 2GB EIDE Hard Drive (10ms) 
• Dell 17LS Monitor (15.7" v.i.s. 

• Integrated 64-bit PCI with 2MB 
DRAM with Full Motion Video 

• ax EIDE CD-ROM Drive 
• Integrated Sound Blaster Pro 


Compatible Audio 

• Integrated 3Com 10/100 PCI EtherLink Ill 

• Microsoft Windows 95/30 Days 

Free Support 


• 3Year Limited Warranty 

Business Lease: $104/Mo. 
OrderCode #300365 

DELL OPTIPLEX GXi 200 
200MHzPENTIUM PROCESSOR 
• NEW Tool-less Convertible Chassis 
• 32MB EDD DIMM Memory 

• 256KB Pipe li ne Burst Cache 
• 3GB EIDE Hard Drive (1 Oms) 

• Dell 17LSMonitor(157"v.i .s.) 
• Integrated 64-bit PCI with 2MB 

ORAM with Full Motion Video 

• ax EIDE CD-ROM Drive 
• Integrated Sound Blaster Pro 

Compatible Audio 
• Integrated 3Com 10/100 PCI Etherlink Ill 

• Microsoft Windows 95/30 Days 
Free Support 

• 3Year Limited Warranty 

$3199 
Business Lease: $119/Mo. 
Order Code #300366 

DELL OPTIPLEX Gs 133 
133MHz PENTIUM PROCESSOR 
• NEW Tool-less Convertible Chassis 

• 32MB EDD Memory 

• 256KB Pipeline Burst Cache 
• 2GB EIDE Hard Drive (10ms) 
• Dell 15LS Monitor(117" vis) 

• Integrated 64-b it PCI with 1 MB 

ORAM with Full Motion Video 


• ax EIDE CD-ROM Drive 
• Integrated 3Com EtherLink Il l 

• Microsoft Windows 95/30 Days 

Free Support 


• 3Year Limited Warranty 

PICTURED SYSTEM 

Business Lease: $a2/Mo. 
Order Code #300364 

Del.~ 

800-289-1460 

http://www.dell.com 
Mon-Fri 7am-9pm CT• Sat 10am-6pm CT 


Sun 12pm-5pm In Canada; ca ll a00-233-15a9 


I Keycode #01171 I 

http:http://www.dell.com


PowerPC Spee d Demon 

the daughtercard. The other port bridges 
to the 66-MHz system bus through the 
daughtercard slot. This would effective­
ly segregate the difficult 100-MHz bus and 
L3 cache on the daughtercard. 

Another measure of the X704's sim­
plicity is that it has only four execution 
units: an integer unit, a load/store unit, 
a branch unit, and an FPU. The X704 can 
execute all intege r instructions (except 

Hot Chip 
Bipolar transistors offer performance 

advantages, but one drawback is heat. 

Product Power dissipation 

PowerPC 604 16.5 W 

Digital Equipment 
Alpha 2116 4 37 W 

Exponential X704 75to85W 

Standard light bulb 60to 100W 

multiply and di vide) in a single cycle. The 
instruction decoder can issue up to three 
instructions per cyc le to the executi o n 
units, which can process a load/store, a 
branch, and an integer or flo ating-point 
instruction during each cycle. 

The instructio n pipeline is o nl y six 
stages long-less than half the length of 
the Pentium Pro's superpipeline. This al­
lows the X704 to recover more quickly 
from stalls and mispredicted branches. 

Although the X704 is co mpatibl e with 
the Power PC 604, it's noticeab ly less co m­
plicated. That leaves room for Exponen­
tia l to boost the performance of future 
chips in two ways : by improving their mi­
croarchitectures and by shrinking their 
components sma ll er than 0.5 micron for 
even-higher clock speeds. 

Expo nenti a l could hit two possible 
roadblocks, however. First, a more ad ­
vanced microarchitecrure co uld defeat 
th e p urpose of fast-switching transistors 
if the additi onal comp lex ity bogs clown 
the pipeline. For Expo nenti a l, simpler 
mi&ht always be better. 

Th e second potential roadb lock is 
heat. The X704 is a hot chip in more ways 
than one : Power di ssipation is a scorch­
ing75 to 85 W It's practically a light bulb. 
That kind of heat could make it very dif­
ficu lt to squeeze the transistors closer to­
gether without causin g trouble. Howev­
er, Exponential says it's confident that 
future bipolar chips will migra te to 0.35-, 
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How the X704 Fuels aHot Core One to three 
______,......-.--------------, instructions per 

Asecond external 
cache works with 
the internal L2 
cache to keep data 
and instructions 
moving to the core. 

PowerPC 
604-compatible 

data bus 

(to system) 

cycle: branch and 
load/store, plus 
integer or FP. 

(to system) 

A simple CPU. The X704 has only four execution units: 


FPU, integer, load/store, and branch. 


0.25-, and even 0.18-micron processes . 
Cop in g with the extra heat wi ll a lso 

require some carefu l system design, but 
nothin g th at' s out of th e ordin ary. The 
X704 works in existing Powe r Mac 9500 
boxes w ith t he sta ndard 390-W power 
supp ly; all it needs fo r coo ling is a new 
fan to blow air across the CPU 's mod est 
heat si nk. However, th is is one chip that 
you won'tsee in a laptop, unl ess users are 
willing to wear asbestos trousers and tow 
a whee lbarrow fu ll of batteries. 

PowerPC Boost 
Exponential's speed dem o n cou ld no t 
co me at a bettertime for the Power PC Al-

Exponential Technology 
San Jose, CA 
(408) 441-6050 
fax: (408) 441-6051 
info @cxp.com 
http ://www.cxp.com 

liance . Wise ly, IBM and Motorola have 
licensed Exponential the patents it needs 
to make the X704 without getting mired 
in lega l squabbles. The X704 will anchor 
th e high end of th e PowerPC line whi le 
IBM and Motorola continue to serve the 
bulk of the market with th e 603e, 604e, 
and 620, which are approaching300 MHz. 
For high-end M ac users, who have an in­
satiable appetite for CPU power to hand le 
thei r graphics-intensive app lications, the 
X704 offers horsepower that an x86-based 
system can 't match . 

T he biggest challenge for Exponential 
might be keeping up with demand. Prob­
lems in th e Bi CMOS manufacturing pro­
cess could result in hordes of fru stra ted 
users. But if Exponential carries through, 
the X704 w ill significantly brighten the 
PowerPC's future. [l] 

Tom R. Halfhill is a BYTE senior editor based 

i11 San Mateo, Ca lifornia . You can. reach him 

at thalfhi ll @bix.co m. 

mailto:thalfhill@bix.com
http:http://www.cxp.com
mailto:info@cxp.com


1 0 M bps O r 

0 n Any 
100 Mbps 

P o r t . 

N Th t c h . a t I S 
. 
IA Swow 

Now The Most Popular Fast Ethernet Switch Is Also The Most Affordable! 

~ BayStack. 
N e tw o rk tr aff i c o n l y in creases . Th a t 's wh y w e offe r 

th e BayS t ac k 28 1 15 Fas t Et h e rn et Sw it c h. No t o n l y 

i s it the world' s mo s t p o pul a r Fas t E th e rn e t Swit c h , b u t it al s o offers 

t h e be s t pric e/ p e r fo rm a n ce o f a n y sw it c h ava il a bl e. It l e t s yo u d e pl oy 

10 or 100 Mbp s Fa s t E th e rn e t s wit c hin g o n a l l p o rt s, so yo u ca n fut u r e -

proof yo u r n e tw o rk - a ddin g b a nd w idth w h ere a nd when yo u n ee d i t. 

Equal l y import a nt , yo u a l so ge t bi g- n e t wo rk r e li a bility w i th 

r e d u ndant link s a nd r e dund a nt p owe r . T h a t 's b eca u se th e 28 11 5 Fast 

E t h ern e t Switc h i s p a rt of o ur BayS ta c k fa m i l y th a t int e grat es h u b s, 

r o ut e r s a nd s wit c h es int o a s t acka b l e, s t a nd a rd s -b ase d 

sys t e m . And with O ptivit y ~ yo u ca n m a n age yo ur e n tir e 

ne t work as on e co h es i ve u n it-in c ludi n g r e m o t e s it es . 

So c a 11 1-800 ­ 8-BAYNET ext. 211 fo r a fr ee co p y of 

ou r F as t Et h ern e t D e p lo y m e nt G uid e a nd C D. Be c a u se if 

y o u ' re c o n s id e r in g sw it c h i n g, n ow's th e pe rfect tim e . 

-~·-. -.. ­ -"!-­
.. ··---­=-· - ----i;3iiJ 

2·· ~, ' 
~-· ;.... 
·~- -­

C 1996 Bay Networks. Inc. "People connect with us· Is a trademark 
of Bay Networks . In c . Web site: http ://www . b ay n e twork s . co m 

Circle 606 on Inquiry C ard. 
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Loop-back Plugs-
9-pin serial, 25-pin serial 
mid 25-pin parallel theUNMRSAL plugs, used for external 
VO port testing.DIAGNOSTI 

TOOLKIT~ 
• Get me best. most accurate 

1011-sustem diagnostics pacMage 
2 Micro-Scopetor an uour problem PCs. 	 floppy disks­

containing the best 
• Low-Leuel Formats all hard PC diagnostic tools 

drlues including IDES. Allows on the market. 
Comes with both 3.5"relocation 01 TracM o. and 5.25" disks to 
work with anyPC.• worMs with anu PC regardless 

DI 0/S: DOS, Windows 95 &HT. 
01s2. Unix. nouell. etc. 

Fullu D/S indeoendent Call for upgrade pricing &
diagnostic software... complete newfeatures list! 

MICRO-SCOPE Universal Computer Diagnostics was developed to satisfy 
the expanding need for accurate system diagnosis in the rapidly growing 

desktop computer market. Patterned after super-mini and mainframe diagnostic 
routines, MICRO-SCOPE runs independently of any standard operating 
system, mid is therefore at home on any machine in the Intel world. Speed, 
ease-of-use, and razor sharp ACCURACY are a few of the advantages that arise 
from this system independence. Jerry Pournelle awarded MICRO-SCOPE & 
POST-PROBEthe User's Choice Award in the May 1994 issue of Byte Magazine, 
saying: "You name it, this tests it. If you maintain PCs you'll love it." 

+ LOW-LEVEL FORMAT-Performs low-level format on all hard drives 
including IDE dtives. + TRUE HARDWARE DIAGNOSTICS--Accurate testing 
of CPU, IRQ's, DMA's, memo1y, hard drives, floppy drives, video cards, etc. 
+ RELOCATES TRACK 0 on hard drives that support relocation. + IRQ 
CHECK-Talks directly to hardware and shows 1/0 address and IRQ of 
devices that respond. + O/S INDEPENDENT-Does not rely on O/S fo r 
diagnostics. Talks to PC at hardware level. All tests are fuU function regardless 
of O/S (i.e. Windows, Nove ll , UNCX, O/S2). + IRQ DISPLAY-Show bits 
enabled in IRQ chip for finding cards that are software driven (Network, Sound 
Card, etc.). + MEMORY DISPLAY-Displays any physical bit of memo1y 
under I MB. Very usehtl for determining memory conflicts and available 
memo1y space. + AND MUCH MORE . .. We don 't have enough space here for 
eve1ything this software can do! 

Govt. Orders: NSN-7030-01 -421-6459 

' 

" 
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Complete Micro-Scope Manual- easy to 
follow testing procedures mid detailed error 
code descriptions. See the features list at left to 
view some of the incredible wealth of testing 
capabilities this programcontains. 

can now tor special Pricing
NllCAO caa a 1-800-86Q-8008 a E Iii a 

TM 
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100% accurate results... 

Tri-State Logic Probe- works 
with Post-Probe and enables testing 
down to individual chip level. 

Extensive Post-Probe Manual-exhaustively complete, 
containing BIOS error codes for most PCs on the market. 
Look up the 2-digit error code in this manual imd instm1tJy 
diagnose your PC's problem. Also contains common chip 
diagrams, descriptions and complete troubleshooting tips. 

Durable Zip-up Leatherette 

Carrying Case-all your tools 

in one orgm1ized easy to cany 

toolki t. 


Post-Probe Diagnostic Card­
when Post-Probe detects im error, 
a 2 digi t BIOS code will display on 
the card telling you exactly what's 
wrong with your PC. I00%com­
patible with all ISA, EISA, Compaq 
and Micro-Channel PCs. 

Micro-Channel Adapter Card­
(behind Post-Probe card) allows Post­
Probe to be used with Micro-Channel 
equipped computers. 

First Erer Unirersol P.O.S.T. Cord /or All PCs! 

m:m optional Tutorial 
and PC Trouble Shooting 
Videos-Call for titles and 
current prices. A wealth 
of technical help at your 
fingertips. 

PC won't boot uo? Find out wnu 
rast wnn our un1uersa1 POST card... 
" This is the only card that will function in eve1y system on the market. The 

documentati on is extensive, and not only covers the expected POST 
Codes for diffe rent BIOS versions, but al so includes a detailed reference to the 
bus signals monitored by the card." -Scott Mueller from his globally 
recognized book, 'UjJgradi 11g & RejJt1iri 11g PCs, Seco11tl Editio11 ' 

+ Includes pads fo r voltmeter to attach fo r actual voltage testing under load. 
+ 4 LEDs monitor +5vdc -5vdc + 12vdc -I 2vdc. + Monitors Hi & Lo clock and 
OSC cycles to distinguish between clock chip or crystal failure. + Monitors 1/0 
Wri te and 1/0 Read to distinguish between w1ite and read errors. + Accurately 
monitors progress of POST fo r computers without POST codes. + Reads POST 
codes from any IBM or compatible that emits POST codes. ISA/EISA/MCA. 
+ Compatible with Micro Channel computers. + Dip s11~tch allows easy selec­
tion of 1/0 ports to read. + Includes TRI-STATE LOGIC PROBE to determine 
actual chip failures. + Manual includes chip layouts and detailed POST proce­
dures for all major BIOSs. + AND MUCH MORE . .. call for more details. 

Govt. Orders: NSN-7025-01-421-6467 

micro 2000, Inc. Makers of Prof essional PC Diagnostic Tools 
11 00 East Broadway, Suite 301 , Glendale, California, USA 91205 
Toll Free: 800/864-8008 •Phone: 818/547-0125 • Fax : 818/547-0397 
Web Site: http://www.micro2000.com 
International Orders please call : 
Micro 2000 Australia.. ...... ...... 61-42-574-144 
Micro 2000 UK. ...44-1462-483-483 IVllCAOEWE

1 
• · • "" 1b~•·i-­ Micro 2000 Amsterdam ...... .3 1-206-384-433 
il ~~~-ti ~ I • .. _ 

p§f-i ·u Micro 2000 Germany ........... 49-69-420-8278 
 caa a 
TM 

Copyriµl11 0 l 9•J6 Micro lOOO. Inc. All ]{ighcs HCSt' l"\"l'd . 

Circle 226 on Inqu iry C ard. 
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1.800.292.5742 

! Shorter bars are better ! 

Let GeoSat put the world in your hands. 
Shipping not included. All returns must have RMA# and be in original condition. JO day money back 
guaramcc, minus shipping. 10% restocking, 7% cancc lh11ion fee . Orders c harged. processed and tested SUREA/R prior to shipping. i\ 11 logos arc trademnrks or their rcspcc1i vc comp<mies. Not responsible for typographi· 

cal ~·rro rs . ~ 1 00% Com1rntibili1y Gu:1r:1111cc involves ccm1i11 rcs1rir tions. call fo r dt! tails.Hughcs Network 
E.rd11.~fr1•Na1iu11td /11.1·1all.•r Sys te ms ln .~ i g ht Di rctPC. and Turbo Internet are tmdcmarks of Hughes Netwo rk Systems. Inc. -- Circ le 230 on Inquiry C ard (RESELLERS : 231 ). 



Imagine if yo ucould take all of yo ur forms-based data 
and instantlysend it to your database--no manual data 
entry, no delays. Stop imaginingand do it today with 
TELE/orm, the most accurate mid affordable form s 
processing software available. 

TELE/orm has the power, speed and accuracy you 
need to automatically collect data from scanned or flLxed­
in form s. Using f;uniUar communications-paper and 
pen , fax machines and modems-TELE/arm reads 

hand-printed, typed and filled-in data. 

AUTOMATED 
DATA ENTRY. 

ACCURACY 
FROM A TO Z. 

·~ LIOI H l t' LINLCt:LlllLAH 

READS HAND PRINT---~~=..~0~.~,';., ~, ?"~~~~-~-~--~;..,.,:_ ~- ­
TE XT (ICR) ':',: ·­

~ 

Cardiff~(·Software-
P11 0N E: 619-752-5200 f~\X: 619-752-5222 

• 

• 

Eliminating data entry means your staff will be free 
for more productive activities. Havingdata entered 
in seconds means increased productivity-you'll 
work smarter, capture more data, faster and 
with less effort. 

Thousands of compmties use TELE/orm to 
make their businesses more efficient. join them by 
calling 800-659-8755 today. 

For more information, visit Cardiff Software's 
Web site: http:www.cardiffsw.com. 

REGISTRATION FORMS, 

SALES ORDERS. CLAIMS, 

TIME CARDS. SURVEYS 

AND MORE . 

Circle 225 on Inquiry Card. DECEMBER 1996 BYTE 93 
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AirMedia ;met AirMedia Live are trademarks of Ex MC!Cllina. Inc. Ne\'1SCatctier is a registered trademark of Globill Village Communication. 
All otl1cr products are trademarks or registered trademarks of tlleir respec ti ve owners. © 1996 Ex Mac ~1irrn. Inc. All rights reserved. 



. 
you've signed up, relax and use yo_ur' 
computer as you always do. Before 
you know it you'll receive audio and 
visual alerts which fly -in wirelessly 
Hot off the Internet~ and ap·pear above· 
whatever application you're .using: · 

• • ' (Q 11'ttn ; brcttlr,c;1,1 l)'ll3'0C.t tm

Click on one of these alert icons and .::;:: ,.~ .._...___ .,. ~ 

now .you've got your finger on the pulse of the. ).•.u!~~f' 
FOR THOSE WHO NEED TO KNO~ FIRST. So how . d.o yo{ . 

·, . ' 
get your hands on this revolutionary s~rvice? Simpl~i.lf 

' • . :t .~ •, . ~ 

Install a Global Village NewsCatcher that includes_~u~ ,, . 
award winning multimedia software: Then . ~·ign UP;.J 

Ahigher intelligence awaits you. . 
' . 

Visit us at www.airmedia;com or call 1·800~AIR:MEliiA~_,,_ · 

NewsCatcher from Global Village Communication. Featuring the AirMedia Live Internet Broadcast Network. Now avai~~~~~~n~o~. • 

Circle 232 on Inquiry Card (RESELLERS: 233) 
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XiPro200:~eF--~ 
&ev~WorEd! 

CADALYST 
-t'ICHlCI 

HIGHLY RECOMMENDED 

l(!J!Xfll 

Liri:t:tiill 
RECOMMENDED 

Xi Pro200 MTowr.R SP 
Nov. 1996 

Xi Pl33 MTowER sr 

Xi manufactures the iflastest 200MHz Workstations* 

with Single, Dual & 512KBC processor option! 


~ 


Xi®P133/200 MTower SP Xi Pro200 MTower SP Xi Pro200/400 NTower DP 
- Intel® Pentium Processor 133 to 200MHz - 200MHz Intel Pentium Pro Processor - Intel Pentium Pro Processor, 256K Int. SBC 
- I 6MB 60ns EDO, 256KB SBP Cache - 256KB int. SBP Cache, Intel 440FX CS - 32MB 60ns EDO expandable to 1024MB 
- l.7GB 9ms IDE4 HD, 32 wavetable sound - 16M B 60ns EDO RAM exp. to 768MB - Dual Pentium Pro SMP ZIF Socket 8 
- 30 Accellerator 2 MB Video PC I MP EG - 2.5GB 9ms lD E4 HD, 4 x ISA, 4 x PC! - 2.0 ICB ms UltraWide S Sl-3 40MBI ec 
- 4 CD bundle w/30 games, pad & PW spkrs - 12 -Bit MPEG STB 2.25MB MDRAM PC! - 12 -Bit MPEG STB 2.25MB MDRAM PCI 
- 17" Optiquest .28dp 1280 x 1024NI - 17'' Opti/Viewsonic .26dp 1600 x l 280N I - 17" Opti/Viewsonic .26dp 1600 x I 280NI 
- 1.44 FD, 104K Kb, 2B Logitech mouse - l .44FD, I 04K Kb, MS or Logi tech Mouse - I .44FD, I 04K Kb, MS or Logitech Mouse 
- Xi 5Bays Mini Tower Case 200W UL PS - Xi ?Bays Mid Tower Case 235W UL PS - Xi IOBays Full Tower Case 300W UL PS 
- Microsoft® Windows® 95 CD, 8 x CD-ROM - Microsoft Windows 95 CD, 8 x CD-ROM - Microsoft Windows NT 4.0, 8 x CD-ROM 

$2499 w/32MB RAM: $2649 One CPU: $3899 Two CPUs: $4589 13311661200: $17491$19991$2 199 

BESTSELLER SW MONITOR UPGRADES VIDEO UPGRADES* 
MS Office 95 Prow/Bookshe lf: $call 17" Viewsonic I ?PS .25dp $ 145 Matrox Millennium 4/8MB $ 187/$ 559 

LlGHTSCAPE Visualization $call 21" Viewsonic P8 I 0 .25dp $ 1099 Acee! Pro 1000 4+4Gl int Delta $ 1639 

Vibrant Graphics Softengine 3.6x $call 21" Viewsonic P8 I 5 .25dp $ 1349 ELSA GLoria-M/L Glint Delta $1499/1899 


All Systems Xi Certified for AutoCAD 13, 3D Studio MAX, PRO/E & LIGHTSCAPE. 
100+ Options available in stock. Call for a Custom Quote. Business Lease from $78/month. 

® 

CALL TOLL FREE: 1-800-432-0486 
INTL: (714) 498-0858 FAX: (714) 492-6571 ~ [13 iiihttp:/ /www.xicomputer.com E-Mail : xi@xicomputer.com 

THREE YEARS WARRANTY: Parts & Labor on monitors & systems. Xi-ONSITE optional express free 

replacement parts shipping. 30 Day Money Back Guarantee. 24Hr. Life Time Toll-Free HW Tech Support. 

Mail : Xi Computer Corporation, 980 Calle Negocio, San Clemente, CA 92673 

•As per PC-World July 1996 (page 172 & 202) and CADalyst & Microstation Manager Magazines May 1996 Pen tium PROs roundup reviews & PC-Computing Sept. 1996. All prices and specifications effective Nov. 1st 1996 & subject to 
ctiange without notice. Prices do not include shipping. For more information on Xi products & services call or wri le to Xi Computer. Xi is not responsible for photo & typo errors. Money Back does not include freight both ways & software. 
Video upg. from 128STB Monitor upg. from 17" .26dp. Xi, the Xi Logo, Workstationer are registered trademarks & NTower, MTower are trademarks of Xi Computer Corporation. Xi MTower & NTower syslems are FCC class A rated tor use in 
a commercial environment The Intel Inside l ogo and Pentium are registered trademarks and the Pentium Processor Logo and the Pentium Pro Processor Logo are Trademarks of Intel Corporation. All other trademarks of their respective 

companies. Copyrighr ©1996 Xi Compufer CorporaHon. Alf Rlghrs reserved. Circ le 223 on Inquiry Card (RESELLERS : 224). 

mailto:xi@xicomputer.com
http:www.xicomputer.com


Suddenly, everybody's switching. 

Now with 
mouse control 
and password 
security! 

OSCAR's user-definable system View 8 systems - or 
nomenclature lets you name servers use the mouse to 
anything you want, for a more scroll down to see 
intuitive sense of what's happening D up to 100*! 
where. 

Get cross-platform keyboard, mouse and 

monitor switching on-screen-instantly! 

Introducing OSCAR"", the industry's first 
on-screen menu system offered on all switching 
systemsfrom Apex PC Solutions, Inc. 
OSCAR (On-Screen Configuration & 
Activity Reporting) allows you to select and 
control all the systems in your data 

terms. Now, you can input system names that 
make sense to you right on the screen. So you 
can switch platforms and applications at the 
stroke of a key or click of your mouse. 

Discover control you can count on. 
center with a simple click of the 
mouse. Using a single keyboard, 
mouse and monitor, OSCAR 
lets you access a wide range of 
hardware such as RS-6000, 
Macintosh®, SUN®and HP­
9000. Then quickly view current 
information and direct system connections. 

See it all - just the way you want. 
OSCAR's intuitive, menu-driven commands 
take you wherever you want to go, in your 

OSCAR firmware is installed in 
Q all Apex PC Solutions' products. 

With Apex's new password 
--- security, OSCAR adds one more With mouse control, OSCAR offers 

level of protection to your data switching at your fingertips. 

applications. 


Discover why everybody's switching to 
Apex PC Solutions, Inc. Call us today 
1-800-861-5858 or (206) 402-9393. 
*when using SunDial ™ 

Innovation & 
Technology 

by Design 
APEX" 
PCSOLlfllONS 

http://www.apexpc.com 

20031 142nd Ave. NE• Woodinville, WA 98072 • (206) 402-9393 •e-mail address: sales@pcsol.com 


OSCAR and SunDial are trademarks of Apex PC Solutions, Inc. All other trademarks are the property of their respective holders. 


mailto:sales@pcsol.com
http:http://www.apexpc.com




THE ELEGANT, MODERN 

DESIGNED ESSENTIA. 

An exciting new breed tailored specifically 

to those who demand a richer Windows NT™ 

experience. Feature rich and packed with 

power to handle complex computing 

tasks, let the Essentia be your 

gateway. 


With decades of engineering and 

technical experience, our products and 

services are consistent with your expectations. 

For cost effective business solutions, call 


,P • Census Computer, Inc 
Pl.fJ Setting a higher standard 
... Tel: (818) 839-2838 Fax: (818) 839-2837 800-795-1972 

email ~ sales@censuscomputer.com IIhttp://www.censuscomputer.com Mon-Fri 9:00am-5:00pm P.S.T. 1111 
~~~~~~~~~~~~~---

Go From Paper To Electronic Forms 

mips TransForm Suite TM 

SRP $299.00 

The Total Solution for creating and using electronic forms. 
Includes TransForm™ , TransFill™ and WordFill™ 

Transform -Uses artificial intelligence and multiple OCR engines to redraw your scanned form into 
afully editable vector graphic. Convert your paper forms to electronic forms in seconds by scanning 
or faxing them into TransForm. 

Transfill -An MS Access based form filler. Set up complex calculations with an easy point and click 
interface. Save the data you've entered to TransFill 's database or your own database for future access. 

Wordfill - The ideal solution for easily processing forms directly into MS Word. Import forms 
created or scanned in TransForm, including data-entry field information, straight into MS Word. 

t/ Automatically creates intelligent WYSIWYG form templates for use with MS Word for 
Windows and MS Access, ensuring compatibility with the most popular e-mail, routing 
and internet packages. 

Call mips at (800) 898-8580 t/ Supports calcu lations, range checking, data validation, look-ups, and multi-database 
look-upswith database attachments to Access, DBase, FoxPro, SOL Server, Paradox, 

Also available Btriev, ASCII delimited, ODBC and many more.
MiaoWARFBJUSE' through: 800-555-MALL 800-367-7080 Windows 3.1 & 95 Compal1ble

Datallne America, Inc. •
~ CQMPliS!i. TigerSoftware Tel 619-679-4070 Fax:619-679-4073
800 -EGGHEAD 800-COMPUSA 800-888-4437 13240 Evening Creek Drive. Suite 31 1 San Diego, CA 92128 

http://www.mipsdla, com 
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Six Laser Printers 

for Workgroups 


oday's departmental laser 
printers cost less, print faster, 
and produce sharper output 
than ever before. Since we last 

looked at midrange network printers 
(November '95), several models in the 
under-$10,000 class have followed 
Hewlett-Packard's lead with the Laser] et 
5Si and adopted Canon's 24-pages-per­
minute (ppm) P-550 print engine. While 
these printers don't have the duty cycle 
of 30-ppm printers costing $20,000 and 
more, they are catching up both in per­
formance and in paper capacity. Lex­
mark's 24-ppm OptraN 245 ($4199) actu­
ally performed faster in our tests than one 
of the 30-ppm printers we tested last year. 

We tested six midrange network lasers 
with the speed and paper capacity to han­
dle printing for a large workgroup . The 
printers-from Apple, Hewlett-Packard, 
IBM, Lexmark, QMS, and Xerox-range 
in price from $1999 to $6999 as tested . 
Though large, these are tabletop units, all 
with at least 600-dpi reso lution . They 
have either 17-ppm or 24-ppm print 
engines and large paper capacities. All 
support forms of PostScript and HP Print­
er Control Language (PCL) page-descrip­
tion languages, and they automatically 
switch between the two as needed. 

All the printers can detect and auto­
matically switch between a set of com­
mon network protocols, particularly 
NetWare and TCP/IP. All support a vari­
ety of network operating systems and 
provide client software that lets users of 
several types of systems print and access 
printer status information. Several units 
also support hard disks that store fonts, 
forms, and macros-and in the process 

100 BYTE DECEMBER 199 6 

decrease the traffic on your network. 
We judged the printers on the basis of 

four important considerations : print 
speed, quality of output, features, and 
usabi li ty for both end users and network 
managers. We tested for both Mac and 
Windows platforms. 

What Matters 
It's important to match the printer to 
the workload. You can save money by 
buying a printer with a lower duty cycle 

BEST 
Lexmark Optra N 245 


was best overall with great performance 

and usability. 


Xerox DocuPrint 4517 

was the best high-quality printer. 


QMS 2425Ex Print System 

was the fastest Macintosh printer. 


rating, but if you overload that printer, 
quality and reliability will suffer in the 
long run. Several of these printers now 
have rated duty cycles of 100,000 pages 
per month, which is roughly half that of 
the more expensive printers in the 30­
ppm class. 

People don't want to hang around 
waiting while their print job lingers in the 
queue. A network printer with a fast print 
engine and adequate RAM can spool 
files off the system quickly and increase 
the overall efficiency of the network. In­
creased network speed means quicker 
release of the host system and increased 
user productivity. Among the printers we 

Hardware 

These network lasers have 

the speed and capacity to 
handle the printing needs 
of any large workgroup. 
By Dorothy Hudson, Jim 
Kane, and John McDonough 

tested, the more expensive 24-ppm mod­
els have the speed advantage. Our own 
performance-sensitive scoring favors the 
24-ppm printers. A 17-ppm printer might 
make more sense for lighter loads. 

As a network administrator, only you 
know how much printing traffic to expect 
from your network-attached users. While 
a 24-ppm laser printer is fast enough for 
NSTL's 70-employee work force, it might 
not be fast enough for a smaller office that 
pumps out more documents. 

Print quality is getting much better with 
network lasers. All the tested printers offer 
at least 600- by 600-dpi resolution, and 
many offer electronic image enhancement 
that increases test sharpness and gray-scale 
capabilities beyond the native resolution 
of the print engine. The Xerox DocuPrint 
17 ($3300) and the Apple LaserWriter 
16/600 ($2429) produced the best out­
put; these printers are good choices if your 
office generates lots of documents with 
graphics and halftones. 

One trend we've noticed with work­
group printers is that they have more 
sophisticated paper-handling capabilities 
than ones we've reviewed before. Roomy 
standard and optional paper trays hold 
from 850 to 3100 sheets of paper, which 
cuts down on trips to the supply room. 
These printers are available with option­
al envelope feeders and money-saving 
duplexing capabilities for printing on both 
sides of the paper. When fully configured, 
the HP LaserJet 5SiMX ($4899), the IBM 
Network Printer 17 ($1999), and the Lex­
mark Optra N 245 ($4199) can have five 
input trays hanging off them to supply let­
ter-, legal-, and ledger-size paper. 

Privacy can be a concern with a network 



"' "' "' 

PRINTER ENGINE \ 
The heart of the printer \ 


and usually an OEM \ 


product. It determines \ 


the speed paper pass· V 

es through the printer 


(engine speed; 17· or 


24-ppm with these 


printers) , the basic 


resolution before any 


image enhancement, 


the toner cartridge 


design, and paper· 


handling capabilities. 


CONTROLLER - - ­
ELECTRONICS 

Typically located on an 

easily accessible compo· 

nent board. ROM-based 

routines handle compres· 

sion, image enhancement, 

and raster image process· 

ing. Most of the printers let 

you replace the network 

interface card or add a 

hard disk to store down· 

loaded fonts. Here's 

where printer vendors 

differentiate their produc t. 
MEMORY / 
More of it provides better performance 

and in some cases higher image resolu· 

tion. Higher-resolution printers like the 

OMS 2425Ex Print System support up 

to a whopping 128 MB of memory for 

1200-dpi documents. 

Illustration based on 
HP's LaserJet 5SiMX. 

printer. The Xerox and IBM models offer 
as an option a lockab le mailbox output 
unit-just the thing for printing worker 
evaluations or other confidential docu­
ments (see Details on page 104). You enter 
a password at the printer front panel to 
open one of th e locked slots. The system 
administrator sets up whether a slot locks 
or not, and who has access. The HP Laser­
Jet 5SiMX and the QMS 2425 Print System 
($6999) support multibin mailboxes for sep­
arating documents from different print jobs, 
providing convenience but not security. 

Total Control 
All the network lasers we tested come with 
software for man ag ing printers from 
across the network. At the very least, these 

/ OUTPUTTRAY 
I Some printer vendors offer option· 

I al collator bins that separate print 

I jobs and make it easier for users to 
retrieve documents.

I 
I 

/
I 

INTERFACE 

/ FRONT PANEL 
I Easy to use. With the 


/ vendor-provided soft· 


I ware drivers, however, 

/ most network users 


/ wi ll be setting their 


/ print job options and 


/ getting status reports 


from the comfort of 

\ 
PAPER INPUT 
TRAYS 
Printers with large 

paper input capaci· 

ties cut down on trips 

to the paper cabinets 

for refills. You may 

also need a printer 

with multiple input 

trays forfeeding in 
envelopes or different 

paper sizes. 

can handle a variety of 
network protocols. 

\ 

All the tested printers 

\ cpu 
Raw processing power is needed to print 


complex pages fast. Though some printer 


vendors use the same printer engine, they 


often use different processor chips. 


slick utilities let you know from your desk­
top system if th e printer is on-line, out of 
paper, or busy with somebody else's print 
job. Some let you cance l a job that's in the 
queue. The utilities-App le's Laser Writer 
Uti lity, HP's JetAdmin, IBM's Network 
Printer Manager, Lexmark's MarkVision, 
QMS's CrownAdmin, and Xerox's Docu­
ment Services for Printing- are all fu ll of 
features for choosing printing options. 

We particularly like the easy-to-use Win­
dows interface in Lexmark's MarkVision. 
As do several other of the print manage­
ment utilities, MarkVision uses bidirec­
tional communications to maintain, con­
figure, and track the printer's status. A 
graphical representation of the printer 's 
control panel and a detai led printer-status 

window let you know what's going on. 
HP'sJetAdm in deserves mention because 
it is a 32-bit Windows 95 uti lity; it 's also 
easy to install. 

After setting up and using the different 
models covered in this Lab Report, we can 
say that printing over the network is get­
ting easier and more intu itive for the end 
user. The rest of the good news is that 
workgroup printers are getting faster and 
less expensive. 

Contributors 
Jim Kane, project manager/NSTL 

Dorothy Hudson, project manager/NSTL 

John McDonough, technica l writer/NSTL 

Dave Rowell , senior technical editor/BYTE 
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W 0 R K G R 0 U P 


etwork administra tors have 
many choices when picki ng a 
workgroup laser printer. Just 
in o ur roundup alone th ere 

are in ex p e nsive 17- ppm lasers like 
Apple's LaserWriter 16/600, IBM's N et­
work Printer 17, and Xerox's DocuPrint 
4517 fo r smaller workgroups. T he IBM 
a nd Xerox m ode ls share simil ar Fuji­
Xerox print engines. For larger o ffi ces, 
we looked at th ree similar 24-ppm print­
ers from HP, Lexmark, and QMS. As th ey 
all use the same Canon engine, they share 
many fea tur es. Their print contro ller 
electronics differenti ate them in terms of 
speed and output quality. 

Best Overall 
We chose the Lexmark O ptra N 245 as the 
Bes t O vera ll net work laser printe r 
because it easil y provided th e best per­
fo rmance in our Wind ows-based bench­
marks and prints nea rly flawless 600-dpi 
documents. Li ke the HP LaserJet 5S iMX 

HP Makes aMopier 


As this issue hit the streets, Hewlett­
Packard was announcing a version of 

the LaserJet 5Si called the Mopier. What's 
a mopier? A printer that produees 
"mopies," or multiple original prints. 
Instead of printing a document once and 
then making copies on aphotocopier, you 
print all the copies on the Mopier. Given 
the 24-pages-per-minut e speed of this 
600-dots-per-inch printer, and the fact 
that the print driver software sends only 
a single copy of the document over the 
network, this makes good sense in terms 
ofsaving time. HP claimsthe cost per page 
is competitive with a photocopier. 

The $9549 Mopier is a speci ally 
equipped 5Si with 12 MB ofRAM, aduplex 
unit, and a 2000-sheet paper bin. A 420­
MB hard drive stores incoming documents 
so that it can make multiple prints from a 
single network transmission. Unlike the 
standard 5Si, the Mopier has a mailbox 

p R N T E R S 

and the QMS 2425 Ex, the O ptra N 245 
uses th e 24-ppm Canon P550 engine to 
pump out its above-average performance 
numbers. The Optra has a large paper­
input capaci ty, and its excellent M ark Vi­
sio n print management software lets net­
worked users intuitively control printer 
functions fro m their desktops. 

T he sales leader in network printing, 
HP t ries to re mai n king of the hill w ith 
its Lase rJet 5S iMX. Second o nly to the 
Lexmark in performance, the 24-ppm HP 
m ac hine p r ints crisp ph o t ographi c 
images at its maximum resolution of 600 
dpi , and its fi nely honed JetAdmin man­
agement software makes network pr int­
ing easy fo r end users and LAN managers. 
It does well in the graphics and font per­
for mance tests, quickly interpreting Post­
Script commands and pushing o ut th e 
documents fas ter than most other print­
ers. HP's laser has extensive paper-han­
dling capabili ties; it has th ree in put trays 
as standar, and a fourth optional tray pro-

output-tray unit that can staple, li ke a 
business copier. The output unit has fi ve 
addressable bins, a stapling bin, and agen­
eral -purpose bin . The OMS 2425Ex has a 
similar option. For a total of $8998, you 
also get a scanner and software that lets 
you use the printer as a copy machine. 

II___ 

vides a total capacity of3100 sheets. Oth­
er o ptions include a dupl ex unit and a 
high-speed envelope feeder. 

The QMS 2425Ex Print System was just 
behind the HP LaserJet in Windows per­
fo rmance. It tied the Lexmark for usabil­
ity and had the best fea tures score (as it 
should with a $6999 price tag). Among 
the 17-ppm lasers, th e Xerox Docuprint 
4517 provided the best performance. 

Best High Quality 
The Xerox DocuPrint 5417 gets the nod 
as th e Bes t Hi g h Qu a lity printe r. In 
addition to best print quali ty, it has excel­
lent paper-handling capabilities. In its 
enhanced 1200- by 600-dpi mode, th e 
5417 offe rs 144 shades ofgray at 141 lines 
per inch. Its Quad Dot technology alters 
th e size of do ts in an image so th at yo u 
can disce rn th em o nl y with a magni fy ­
ing glass. 

The low-cost Apple Laser Writer 16/600 
deserves mentio n because it p ro duces 
d oc um e nts seco nd in qu ality onl y to 
those produced by the DocuPrint 17. The 
600-dpi LaserWriter 16/600 is adept at 
printing precise lines and text thanks to 
Apple's Fine Print antia lias ing technolo­
gy. Whil e the Apple laser produces fi ne 
documents, you sho uld be prepared to 
ta ke a per fo rmance hit rela tive to th e 
fas ter 24-ppm pr inters we tes ted . The 
printer also has a small 850-sheet input 
capacity, but the LaserWriter 16/600 real­
ly delivers when you consider its quali­
ty/price ra tio . 

BestforJV\acintosh 
Th e QMS 2425Ex Print Sys tem is th e 
quickest printer in our M acintosh per­
formance tes ts. Our Best fo r M acintosh 
pick, the QMS 2425Ex is a 24-ppm device 
with built- in decompression, a feature 
that a ll ows compressed print st rea ms 
without a dedicated print server. The ben­
efit is faster printing and reduced network 
traffic. The printer has a 31 00-sheet input 
tray capacity and a 100,000-pages-per­
month du ty cycle. The QMS CrownCopy 
o pti o n ($1999 ) lets yo u us e the QMS 
2425Ex as a copy machine. 
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LAB RES ULTS 

WORKGROUP P R I N T E R RATINGS 

BEST OVERALL 
Lexmark Optra N 245 
The 24-ppm Optra N 245 was tops in our speed tests, though its 


very good print qua li ty trailed in a tightly clustered fi eld. The 


network-friendly printer supports a variety of paper sizes and 


has a 3100-sheet paper-input capacity. Lex mark's MarkVision 


management sofrware gives users easy access to printer functions 


wh ile they sit at their desktop systems. Lexmark's workgroup 


printer also fi ni shes near the top in the Best for Macintosh 


category. 


PRICE TECH NOLOGY IMPLEMENTATION PERFORMANCE PRINTQUALITY FEATURES USABILITY OVERALLRATING 

Lexmark Optra N 245 $4199 **** **** ***** **** **** **** **** 
HP LaserJet 5SiMX $4899 	 **** **** **** **** **** **** **** 
OMS 2425Ex Print System $6999 	 **** **** *** **** ***** **** **** 
Xerox DocuPrint 4517 $3300 **** **** ** ***** **** **** *** 
IBM Network Printer 17 $1999 **** ***** ** **** **** **** *** 
Apple LaserWriter 1 6/600 $2429 	 **** *** *** **** *** *** *** 

BEST FOR HIGH QUALITY 


Xerox DocuPrint 4517 

The Xerox DocuPrint 4517 produces the best print quality of all 

the printers in our roundup. The 600- by 600-dpi printer incorpo­

rates DP-Tek' s True Res edge-enhancement technology ro sharpen 

the edges of letters and offers 141 gray-sca le levels to tighten up 


halftones. Though small, the 17-ppm DocuPrint 451 7 can hold 


1350 sheets of paper if you add two optional 500-sheet decks. 


An optional 125-MB hard disk stores forms, fonts, and logos for 


merging with documents prior to printing. 


PR ICE TECHNOLOGY IMPLEMENTATION PERFORMANCE PRINTQUALITY FEATURES USABILITY OVERALLRATING 

Xerox DocuPrint4517 $ 3300 ***** **** **** **** 
Lexmark Optra N 245 $4199 **** **** ***** **** **** **** **** 
OMS 2425Ex Print System $6999 **** *** **** ***** **** **** 

**** **** ** 

**** 
HP LaserJ et 5SiMX $4899 **** **** **** **** **** **** **** 
IBM Network Printer 17 $ 1999 **** ***** ** **** **** **** **** 
Apple LaserWriter 16/600 $2429 **** *** *** **** *** *** **** 

BEST FOR MACINTOSH 

QMS 2425Ex Print System 
The 24-ppm QMS 2425Ex Print System edges out Lexmark 's 


Optra N 245 as the best printer for M acintosh users. The 2425Ex 


Print System is pricier than the other printers, but it comes with 


24 MB of RAM and a 256-MB internal hard disk. Capable of 


1200- by 1200-dpi enhanced reso lution, the printer comes with a 


standard Ethernet interface and supports a wide range of paper­


hand ling options including a 2000-sheet input tray, a duplex unit, 
* a 2000-sheet sracker/srapler, and a 100-envelope feeder. 

PRICE TECHNOLOGY IMPLEMENTATION PERFORMANCE PRINT QUALITY FEATURES USABILITY OVERALL RATING 

QMS 2425Ex Print System $6999 **** **** ***** **** ***** **** **** 
Lexmark Optra N 245 $4199 **** **** ***** **** **** **** **** 
HP LaserJet 5SiMX $4899 	 **** **** **** **** **** **** **** 

**** ***** ***IBM Network Printer 17 $1999 **** **** **** **** 
Xerox DocuPrint 4517 $3300 **** **** *** ***** **** ******** 
Apple LaserWriter 16/600 $2429 	 **** *** *** **** *** *** *** 

***** Outstanding ****Very Good ***Good **Fair *Poor 

WEIGHTING 

W E IGHTING 

WEIGHTING 
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Privacy, Please 

You can get the Xerox (shown below) 
and IBM printers equipped wi th an 

optional 10-bin locking mailbox/collator 
to secure private docu ments. After con­
figuring the printer, you press an identi­
fication code at the front panel to unlock 
the slot contai ning your documents. 

_J 

Paper Handling 

The paper trays in the HP, Lex-
ma rk, an d QMS pr inters can 

take a variety of paper sizes. You 
adjust o ne paper dimension with 
a movable locki ng d ivider. The 
other dimensio n sets wi th a lock­
ing knob. Adjustment positions 
are clearly labeled. The upper tray 
adjusts to four sizes; the lower tray 

Quick Change handles two additional larger sizes. 

Except for the Apple Laser Wri ter 
16/600, a ll th e uni ts we tes ted 

have modular printer contro ller cir­
cui try that you can remove without 
tools. T he slide-out boards make it 
easy to install a differe nt network 
ca rd o r add a hard d rive fo r fo nt 
storage. Insta lli ng a hard dri ve on 
the IBM Network Printer 17 board 
(show n above ) too k aro und a 
minute. 

Printing Continuous Forms on aLaser 


0 ne good reason dot-matrix printerssu ­
vive in the market is that they can print 

on continuous-form paper.OutputTechnol­
ogy sells a laser printer that's designed to 
print on continuous form s. Most laser print­
ers have a serpentine paper path. But Out­
put's has a straight path.While it can't ham­
mer out multi part forms like a dot-matrix 
model, the LaserMatrix 2405 ($5000) is 
kinder on the ears. OutputTechnology aims 
the LaserMatrix at companies that print long 
batch runs of items such as utility bills and 
invoices or that use the printer's straight 
paper path to print bar codes, adhesive 
labels, or thicker media that don't move well 
through the convoluted paper path ofstan­
dard laser printers. 

The printer, which supports PCL and PCL 
5 emulations, did not fare well in our suite 
of performance and quality tests when com­
pared to the sixworkgroup lasers, but it's not 
designed to compete with those un its. The 
LaserMatrix has a 24-pages-per-minute 
(ppm) print engine with a 300-dots-per-inch 
(dpi) print resolution. The low- to medium-

duty laser's simple design pulls the contin­
uous media through a six-pin tractor feed 
and dumps the throughput onto a table or 
into an optional refolding stacker.The Laser­
Matrix is suited for overnight jobs as it can 
print up to 3000 sheets of paper without 
operator inte rve ntion. 

Output's LaserMatrix 2405 has a toner 

system that harks back to the laser printers 
of yore. To replenish the toner supply, you 
must pour the powder from a bottle into a 
well. (Better dress casual.) You must also 
keep the unit level when moving it, as we dis­
covered.But these are minor inconveniences 
to get quieter, higher-quality printing on 
continuous-form paper. 
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VCR Tape 
TV Show, Sporting Event, 

Home Video, Rented Tape, 

Laser Disc Scene and more ... 

Now in Your PC. 

Snappyis the amazing new invention that 
puts pictures of ANYTHING into your PC. 

Any 
Camcorder 
Live Picture or Taped Memory 
from Weddings, Reunions, 
Vacations, Holidays, 
Birthdays and more ... 
Now in Your PC. 

Any 

FROM THIS ••• INTO THIS! 

NE1TlJEWSLETTER 
iiicTGa·;;~Onllnel 

Installs 
in Seconds 
With Snappy you finally have a 
way to bringyourpictures into 
your PC. It's so easy! Just plug 
Snappy into the printer port on 
the back of any Windows PC (or 
laptop). Then connect any video 
source with the included cable. 

Any 
Photo 
Postcard, Snapshot, 
Newspaper, Slide, Yearbook, 
Family Portrait , Baby Pictu re, 
Negative, Magazine and more .. . 
Now in Your PC. 

FREE SNAPPY DEMO DISK@ http://www.play.com 
24 hour recorded in fo & fax back 800.450.PLAY or call 800.306.PLAY for yo ur nearest reta ile r. 

With the press of a single button, 
you'll get breathtaking 16.8 
million color pictures at record­
breaking resolutions up to 1500 x 
1125, made possible by Play's 
breakthrough custom chip and 
advanced software technology. 

Snappy is perfect for thousands 
of uses from work to home to 
school. Create anything from 
desktop publishing, presentations, 
databases, faxes and internet 
pictures, all the way to PC photo 
albums, school reports 
or just morph your friends into 
celebrities snapped right from TV. 
Snappy includes everything you 
need to do all this and more. 

PLAY 

I NCORPORATED 

289 0 KILGOR E RD . , R ANCHO C:: ORDOVA 1 C A 

9567 0 • 9 16 . 851 .080 0 1-"AX 9 1 6 . 851. 0 8 0 1 

Tiny La"1·cr Words: Play's Snappy and the SnJppy logo Jrc ou rs and thus tr;1dcma rk5 of l'la)' Incorporated. P!ar is a rcgish'r<'d trademark of Plar lncorpora1ed.C 1996 

__________......Avail,_bl.., Now at;.;.Com;.:.:.,. a.,.e.-.......... : ..,= .puter City • Best Buy • Egghead • Com USA • Staples 
C ircle 186 on Inquiry Card (RESELLERS: 187). 
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http:http://www.play.com


When these companies were looking for speed, reliability, 
affordability, and ease of use for remote access and peripheral 
control, they chose a Comtrol serial communications board. 

OS/2, and Linux. If you are already using one of these drivers, 
all you need to do is install your RocketPort card. 1/0 
mapping eliminates memory conflicts and allows plug and 
play compatibility. RocketPort also gives you 30 times faster 

Comtrol's RocketPort is the industry's fastest processing! This host CPU efficiency allows you to add 
controller. Twice the speed of Digi's Acceleport. more ports or free up valuable CPU time. 
This breakthrough performance is achieved 

7611 
R011d 01ta Tlme (µ1) by putting eight ports and a RISC processor I 

onto one chip. 0000~890 (le11lsbetter!)
5000 107 

Using this technology, internet access speed : ~ 
,~~~~~~~~~-can be increased 16x from 28.8 Kbps to 

Equlnor Dlglbo•rd 

460 Kbps full duplex across all ports. 
bl-dlrectlonal connect 1peod Jn Kbps For your additional needs, our technical 

experts are just a phone call away to give 
you step-by-step instructions. 

See for yourself! Call 1-8()(}926-6876, e-mailOlglbolord Equinox 

(8Pon Conneetors) us at info@comtrol.com, or look us up on 
Comtrol 's software drivers and technical support make our website: http://www.comtrol.com. 
it easy to switch. We provide drivers for Novell Netware Comtrol provides a 5 year limited warranty 
Connect, Multiprotocol Routing, Windows NT RAS, UNIX, and a 30 day risk free trial for all products. 

Get the best board at half the cost and personalized support from the company that created the multiport 
industry in 1982 - the only company with 14 years of experience...Comtrol. 

Circ le 13'.2 on Inquiry Card . 

• COMTROL>,~> 
NetWare Powerfi,1,l Choices M­M!CROSOFJ:Tested and WII\UOl~NT
Appraved COMPATIBLE • ©Comtrol Corporation, 1996 
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B•llll e picked the bes t network 
printers by runnin g perfo r­
mance tes ts th at eva luate a 
unit's top pages-per-mi nute 

print speed at standard (600- by 600-dpi) 
resoluti o n. We tes ted on bo th PC and 
M aci ntos h platfo rm s. We a lso scored 
print quali ty, features, and ease o f setup, 
use, a nd maintenan ce . Th e res ulting 
scores are an average of weighted geo­
metric means with scores sca led to 10 
for the best-perfo rm ing printe r. 

Performance 
To get real-world performance numbers, 
we tested all the printers on a NetWare 
3. 12 netwo rk. For th e PC plat fo rm, th e 
client system was a desktop PC runni ng 
Wind ows 95; fo r th e Macin tos h p la t­
form , we printed over the netwo rk from 
an Apple Quadra 640AV workstation with 
System 7.5 and EtherTa lk insta lled. O ur 
network fi le serve r used an NE3200 EISA 

Ethernet adapter, and the PC workstation 
had an Intel PC! EtherEx press 16 Ether­
net adapter. We tested each printer with 
the drivers supp lied or recommended by 
its vendor. We disab led a ll print servers, 
spoolers, and buffers during tes ting. 

On the PC platform, we used a Win­
dows applet to launch and time printing 
of test fi les with each printer. A test was 
co mp lete whe n t he last page dro pped 
into the printer 's outpu t tray. A simil ar 
applet measured EtherTalk performance. 

We set each printer to poll the network 
as frequenrl y as possibl e to get the most 
consis tent times atta inable. The perfor­
mance tests measu re how fas t a printer 
can crank out three comm on elements of 
a docum ent: text, graph ics, and fo nts. 
T he tex t tests represe nt typica l business 
correspondence; performance in this test 
correlates wi th raw engine speed because 
th e re a re no fonts o r grap hi cs for th e 
pri nter to interpre t. T he graphics tests use 

bit-mapped images to simulate docu ­
ments with compl ex graphics; they stress 
the pri nter ' s p rocessor and RAM capa­
bilities. We also use a fo nt test to measure 
the speed of the printer 's processor. 

Print Quality 
O ur res ts fo r quali ty o f output measure 
how we ll the printers can produce a pho­
tographic image; p ri nt attractive, legi­
ble text in a wide range of sizes; and draw 
lines. For exampl e, the line-squeeze test 
fo rces a printer to draw two lines increas­
ingly closer until the gap between th em 
va ni shes, wh ic h indi ca tes th e printer 
can no lo nge r make th e black-to-white­
to-black transition. In another part of th e 
rest we determine text legibility by hav­
ing the printers p ro du ce increas ingly 
small er text . T he test suite also ga uges 
o ther prin t qu ality considerati ons such 
as how accurately the unit positions paper 
and how well it displays reversed text and 
graphics (white o n black). 

One of the costs of increasing printer res­

olution comes from needing more memory 

to represent the page image. Theoretically, 

a 600- by 600-dots-per-inch (dpi) printer 

needs four times as much memory as a 300­

by 300-dpi printer to store the same raster 

image. A laser printer typically needs a 2­

MB configuration to print a 300-dpi let­

ter-size page, 6 MB to print a 600-dpi let­

ter-size page, and 12 MB for a 600-dpi 

tabloid page. Not all that memory is used 

for raster image storage, but much of it is. 

You may notice in perusing the features 

table on page 108 that IBM's NP 17 can 

support 600-dpi printing on legal-size 

paper with only 4 MB of memory. It does so 

thanks to something called Memory 

Reduction Technology (MRD licensed from 

Peerless Systems. Peerless' OuickPrint inte­

grated printer coprocessor chip works with 

the NP 17's Intel i960 microprocessor to 

perform this magic using the Peerless 

Systems firmware. 

MRT uses a whole bag of memory-reduc­

tion tricks including display list processing, 

IMAGING 


compression, and band processing. Instead 

ofjust converting the page-description lan­

guage into a rasterized page image and 

storing it in a buffer for printing, MRT com­

presses the page into a compact page rep­

resentation that is rasterized on the fly. MRT 

uses a combination of lossy and lossless 

compression (anywhere from 4 to 1 up to 

25 to 1) and the n decompression for ras­

terizing. The Peerless design cuts the print­

er's memory requirements by 8 MB. 

Reducing memory requirements brings 

down costs, and so does integration of func­

tions. In addition to providing a hardware 

assist (not required by MRT) to the memo­

ry-reduction process, the OuickPrint chip 

provides other functions including an IEEE 

1284-compliant parallel port interface, 

memory controller, print engine video con­

troller, and interface to either Inte l's i960 

or Motorola's 5102 ColdFire processors. 

Apple Computer has its own memory 

compression technology. The LaserWriter 

16/600 can print legal-size pages at 600 

dpi with only 8 MB of memory. 

Other Factors 
We eva luate each p rinter ' s feature set, 
usabili ty, and technology to come up with 
our fin al scores. Feature derails include 
emulations supported, the printer's max­
imum reso lution, and what services the 
vendo r provides with the standard war­
rant)'. We also evaluate usabili ty based on 
such aspects as how easy it is to install the 
toner cartridge, the intuitiveness of the 
contro l pane l, ease o f dri ve r in sta ll a­
t io n , ease o f n etwo rk se tup , a nd th e 
clari ty of th e use r manu als. Las tl y, we 
judge each printer fo r the innovativeness 
of its techn ology. 

Evaluations in this report represent the 

judgment of BYTE editors, based on 

tests conduct ed by NSTL, Inc., as 

documented in a recent issue of their 

m onthly PC Digest. To purchase a 

copy of the full report, contact NSTL 

at 625 Ridge Pike, Conshohocken, PA 

1942 8; (610) 941-9600; fax (6 10) 

941-9950; on the Internet, editors@ 

nstl. com. Fora subscription, call (800) 

257-9402. BYTE MagazineandNSTL 

are both operat ing units o f Th e 

McGraw-Hill Companies. 
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Vendor/Model Apple Computer 
LaserWriter 16/600 

Hewlett-Packard 
LaserJet5SiMX 

IBM 
Network Printer 17 

Price as tested (MSRP) 
Overall Score 
Performance Score 
Qual ity Score 
Features Score 
Usability Score 

$2429 
7.2 
6.8 
8.5 
6.9 
6.3 

$4899 
7.8 
7.7 
8.3 
8.4 
8.0 

$1999 
7.4 
6.2 
8.1 
8.5 
7.7 

SPECIFICATIONS 
Maximum native resolution (horizontal x vertical, dpi) 600 x 600 600 x 600 600 x 600 

Maximum enhanced resolution (horizontal x vertical, dpi) 600 x 600 600 x 600 600 x 600 

Standard drivers Windows 3. 1 ; Mac DOS ;Windows3.x,95, NT; Mac Windows 3.x,95, NT; OS/2 ; 
Mac ;AIX ,OS/400 

Engine manufacturer,model,and technology Canon LBP-430 eleclrophotographic laser Canon P-550 electrophotographic laser Fuji-Xerox 
electrophotographic laser 

Monthly duly cycle (pages per monlh) 5000 100,000 65,000 

Controll er manufacturer Apple Computer HP IBM 
Processor/clock speed (MHz) AM O29030 RISC/25 AM O29040/40 Intel 80960CF RISC/33 
Slandard memory/as tested/maximum (MB) 8/8/32 12/12176 4/4/66 

PAPER HANDLING 
Supported paper sizes" LTR, LGL,A4 , B5, EXEC, ENV, LTR, LGL, A4 ,B5, TAB, EXEC,ENV, LRT, LGL, A4, B5, EXEC, ENV, 

TRANS,ABL TRANS,ABL TRANS,ABL 
Duplex printing Optional v' 
Slandard input tray capacity/oulpul tray capacily (#of sheets) 350/350 1100/600 350/250 
Number of standard input trays/maximum input trays 2/3 3/5 2/5 
Envelope feeder Optional Optional Optional 

NOS SUPPORT 
NetWare 3.x and 4.x v' v' 
IBM LANServer v' v' 
Banyan Vines v' (Via TCP/I Ponly) 
OS/2 Warp Server v' v' 
Windows NT Server v' v' v' 
AppleTalk/EtherTalk v' v' v' 

CLIENT SUPPORT 
DOS v' v' 
Windows 3.x,95,and NT v' v' v' 
OS/2 v' v' 
Macintosh v' v' 
Unix Solaris,Sun OS, HP UX, IBM AIX,SCO Unix Solaris,HPUX,IBMAIX 

INTERFACES 
Centronics parallel v' 
RS-232C 
AppleLocalTalk v v' 
Ethernet v' v' 
Fast Ethernet v' 
Token Ring Optional v' 
Auto-switching among all interfaces v' v' v' 

EMULATIONS 
HPGL v' v' 
Postscript Level II v' v' Optional 
lntellifonl v' v' 
True Image v' v' 
HPPCL 5 4/5e 5e 
Auto-switching among emulations v' v' v' 

FONTS 
Number of resident fonts/resident lypefaces 64/29 80180 47/47 
Number of resident bitmapped fonts/resident scaleable fonts 1/44 2/45 
Downloadable font support v' v' v' 

MANUFACTURER'S RATINGS 
Noise in high-speed draft mode (decibels) 52 57 49.5 
Engine speed (PPMin monochrome w/ letter-size paper) 17 24 17 
Energy Siar-compliant v' v' v' 
Voltage (120 or 220) Both Both Separate models 
FCC Classification B B B 

DIMENSIONS 
Width x leng th x height (inches) w/ standard tray configuration 16.7 x 16.9 x 12.1 21 x 20.5 x 21.3 17.4 x 16.5 x 11 
Weight (lbs.) w/ standard tray configuration 40 99 40.9 

CUSTOMER SUPPORT 
Warranty length (years)/coverage 1/P,L,F,R 1/P,L 1/P,L,R 
Phone (408) 996-1010 Call local Hewlett-Packard dealer (404) 238- 1234 
Toll-free phone (800) 538-9696 (800) 752-0900 (800) 426-3333 
On-line address http://www.apple.com/ http://www.hp.com/ http://www.ibm.com/ 
Inquiry number 1025 1026 1027 

• = BYTEBest v' =yes W arranty: P =parts; L =labor; 
F =freight to repair center; R =return to customer. 
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Lexmark International 
Optra N245 

$4199 $6999 $3300 
8.4 7.7 7.4 
9.2 7.4 6.3 
8.0 8.3 8.9 
8.1 9.1 7.9 
8.3 8.3 8.2 

600 x 600 600 x 600 600 x 600 
1200 x 600 1200x 1200 1200 x 600 
DOS ;Windows 3.x,95,NT; OS/2; Mac; IBM AIX Windows 3.x, 95,NT;Mac DOS ;Windows 3.x,95,NT 

Canon P-550 electrophotographic laser Canon P-550 electrophotographic laser Fuji AS PMAL7 electrophotographic laser 

100,000 100,000 65,000 
Lexmark OMS Peerless 

Intel i960KD-50/25 NEC VR4300/50 Intel i960/25 

16/16/16 24/24/128 6/22/64 

LTR, LGL, A4 , B5, TAB, EXEC,ENV,TRANS,ABL LTR ,LGL,A4 , B5,TAB,EXEC.ENV,TRANS,ABL LTR,LG L, A4 ,B5,EXEC,ENV,TRANS,ABL 

Optional 
1100/500 
3/5 
Oplional 

Optional 
500/500 
2/3 
Optional 

Optional 
350/250 
2/5 
Optional 

V' V' V' 

V' V' V' 

V' V' V' 

V' V' V' 
Solaris,Sun OS,HP UX, IBM AIX, UnixWare,AT&T Solaris, Sun OS, HP UX,IBM AIX Solaris,Sun OS,HP UX,IBM AIX,SCO Unix 

V' 
Optional 
Optional 
V' 

Optional 
V' 

V' V' 
V' Optional 

V' V' 
V' 

4/5e 
V' 

4/5e 
V' 

4/5e 
V' 

145/76 131 /13 35/10 

12/133 6/91 1/39 

V' V'V' 

52 52 49.5 

24 24 17 

V' V' V' 

Both 120 Both 

A A A 

17.4 x 16.5x 11.422.2 x 21.9 x 21 .5 22.3 x 21.9 x 21.3 
40.9105- 108 106 

1/P,L 
(606) 232-2000 
(800)891·0331 
http://www.lexmark.com/ 
1028 

..Paper sizes: 
TAB=Tabloid (11x 17 inches) 

LTR =Letter (8.5 x 11 inches) 

1/P,L 
(334) 633-4300 
(800) 523-2696 
http://www.qms.com/ 
1029 

EXEC= Executive (7.25 x 10.5 inch es) 
LG L= Legal (8.5 x 14 inches) 
ENV =Envelope 

1/P,L 
(716) 442·8860 
(800) 349·3769 
http://www.xerox.com/ 
1030 

B5 (6.9 x 9.8 inche s)A4 (8.26 x 11 .69 inches) 
TRANS= Transparencies ABL = Ad hesive-backed labels 
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VETIX™ EL l000 	 VETIX™ EL 2000 

• Intel 200MHz Pentium®Pro processor 
• Dual Pentium Pro ZIF sockets 
• 256KB L2 cache, flash BIOS 
•Memory upgradable to 5l 2MB 
• Slots: l IS~, 3Kl; \ s~ared ~Cl/ISA 
• Adaptec® PCl 32-bit Ultra SCSI Fast-20 controller 
• BX SCSl-2 CD-ROM drive 
• 3.5" floppy drive 
• 64-bit 1MB ISA video 
•3Com®3C595 PO 10/100 ethernet NIC 
• Full-size tower with 10 drive bays 
• l 5"Micron l5FGx, .28dp (13.7"display) 
• Microso ft® Mouse, 104-key keyboard 
• Novell®NetWare® 4.X (5 user license); 


Microsoft® Windows NT® Server 4.0 optional 

(call for pricing) 


• NOS suppor1 (3 resolutions) 
(J • 5-year/3-year Micron Power111 warranty 

• 32MB EDO RAM • 64MB EDO RAM 
• 2GB Ultra SCSI hard drive • 4GB Ultra SCSI hard drive 

$4,499 BusinesslemeS 153/monlh 
54,999 Bu1ine11lea1eS llO/mon1h 

•With Sony 4/BGB DDS-2DAT SCSI tape back-up drive........ ...add $999 


• Dual Intel 200MHz Pentium Pro processors 
• 256KB L2 cache, flash BIOS 
•Memory upgradable to 512MB 
• Slots: 1 ISA, 3 PCI; 1 shared PCl/ISA 
• Adaptec PCl 32-bit Ultra SCSI Fast-20 controller 
• BX SCSl-2CD-ROM drive 
• 3.5"floppy drive 
• 64-bit lMB ISA video 
•3Com 3C595 PCl l0/100 ethernet NIC 
• Full-size tower with l 0 drive bays 
• 15"Micron l5FGx, .28dp (13.7" display) 
• Microsoft Mouse, 104-key keyboard 
• Novell~ NetWare® 4.X (5 user license); 

Microsoft®Windows NT® Server 4.0 optional 
(call for pricing) 

• NOS support (3 resolutions) 
(J • 5-year/3-year Micron Power warranty 

• 32MB EDO RAM • l 28MB EDO RAM 
• 2GB Ultra SCSI hard drive • 9GB Fast SCSl-2 hard drive 

55,299 Bu1ine11 lea1eSl66/manlh 
56,999 Bu1ine11lea1eS21B/manlh 

•With Sony 4/BGB DDS-2DAT SCSI tape back-up drive ...........add $999 


PENTIUM~PRO 
PRO C E SS OR 

We'll Tailor a Vetix™ Server for 

Your Growing Business. 


How will the Vetix EL server fit your business? 	 Custom Service and Support. With your purchase of a 
Yetix EL server, you'll enjoy the right level of service and support tai­

Custom Software. Micron Electronics will ship your Vetix EL lored ro fit your networking needs. With every system we provide 
server with your choice of Novell NetWare or Microsoft Windows di rect 24-hour telephone support and three network operating system 
NT Server preinstalled-saving you time and money. incident resolutions. We also offer additional options like on-site 

Custom Hardware. The Yetix EL server offers a variety of installation and mission-critical support- as much or as lircle as 

hardware options factory-direct and backed by Micron, a company you need. 

with decades of experience in the electronics industry. We'll customize Custom Pricing. The Vetix EL server is the economical server 
your new Yetix EL server to fir your business. solution. Call 1-800-295-0543 to speak with a sales representative, or 

• S· )·t.ir llmirC'll warran1)' on micrupf(X\'SSOr and n1.1in mnnory 
• J·)'ta.r !imi1i:d p.irts-oo!ys1·stffilWJmn1y 
• J.. l· or l·~'t'lf opiioo.il on·si!t sm·ict li;rrtmml for Mioon drslaop md sc1nl' sysums 
• :W days ot fiiY Micron·supplitd sof1wa.rr suppon for Micron dtsk1opsysinm; J fie.: 

lldwork optmlng S}'Slml incident rts0lurionalls fof Micron S(t'o'er S}'!llmis 
• JO·d.iy moriey·b.x kpol icy 
• lHlOUfll'fhniQlsuppon 

Thl""-'!l •M,.cilOllll~l:'Y"""'"''•llll'Ov.l "- •••--tn:l ....... W<l~ol ....

l ___ Coc>ti<lf'lf-•lll'T....... .....,l>O-Col
...... ...,.....,IQI'~......,.......,. 


--- .. Pr~"'"'"" 

visit our Web site to create and price your own san1ple system online. 

e INetV-.\'.m! 
Tcsredond -
Approved 

• 900 E. Karche1 Road, Nampa, ID 83687 
• Mon-Fri 6am-10pm Sat 7am-5pm (Mn 

• International Sales Hours: Mon-Fri 6am-7pm (Mn
lmemationalSales International Fax Tollfrec from Puerto Rico • 208·893·3434 • Fax 208·893-3424E 1'4IC:RgJ~f208-893-8970 208-893-7393 800-708-1 756 

l •I 
• Pu1chase 01de1 Fax 208-893-8992 


Tollfree from Mexico . . • GSA Cont1act #GS35F4317D
Tollfree from C:m:ida 95-800-708-1755 • Technical_Support Available_ 24 Hours ADay-7 Day_s A Week .,,.. 800-708-1758 • Technical Support E-mail: techsupport.me1c@m1cron.com 800-723-2998 
Q1996 MICfllll Electronics. tnc. AU rights reseiveQ. Micron Electronics is not responsible !or om1ssoos or erro~ 1n typography or photog1aphy. AD P'Jrchases are subjeCI to avaitabili­
ry. Prk:es and specifications may be changed wilhoot nobCe: prices do not include shipping and handling. 30·day money·back policy does nol lnducle relum lretghl and original ship. 
ping.lhandlmg charg<is, applies only to Micron brand products.and begins trom dale or shipment. NI sales are subjcc:t 10.t.1 1c1on E~onics· c~rren11erms and cood1tions o! sale. lease 
prices based on 36·mon!h lease. Intel, Intel Inside and Pentium are registered tiademarXs o! the ln1e1 Corpora!ion. Microsot1 . Windows. Windows NT and lhe Windows logo are reg· http:/ /www.mei.micron .com 
istered !1adema1ks of Mic1osol1 Corpo1ation. Al! other seivice ma1ks, trademarks and regislered trademarks a1e the property or !heir respective companies. 
PSVA·BYTE-9612 

Circle 160 on Inquiry C ard . 
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http:www.mei.micron.com
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Software 

Lotus Notes vs. 
Microso~Exchange 

or most people, groupware is 
defined by one product: Lotus 
N o tes. And th o ug h so me 
industry analysts have herald­

ed Microsoft's Exchange as a Notes com­
petitor, Microsoft has instead been play­
ing Excha nge as a n ente rpri se-wide 
messaging system. (Ano th er po tenti al 
competitor, N ovell 's Group Wise 5.0, has 
just been released ; see our Eva} in th e 
N ovember BYfE.) Besides these dedicat­
ed LAN- and WAN-based products, alter­
native platforms are emerging: rhe Inter­
net, the Web, and intranets. (See the Tech 
Focus, "The Inter/Intranet Alternative," 
on page 11 6.) 

While the term can encompass a wide 
range of software, true groupware must 
include at least th ese six essenti al fun c­
ti ons- e-mail, o n-line discussio n (con­
fere ncing ), docum ent ma nage m ent 
(including ve rsion control, commenting, 
and revisions), work flo w, group sched­
uling, and loca l replicati on o f data- all 
in a client/serve r environment. 

Lotus Notes 
Ar its heart, Notes brings the power and 
convenience of database management to 
the sto rage o f no ntraditi onal, unstruc­
tured information. Each entry in a N otes 
database is a document, not a record, with 
a few information field s (author, subject, 
date, etc.) and the document itself, stor:-:d 
in rich tex t for mat (RTF) and poss ibl y 
including attached files. Users can browse 
views (lists of documents in a database) 
that display the in fo rmation fi elds. They 
can customize views to sort or group doc­
uments, filter displayed documents based 
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o n field qu alifi ers, and add fi elds to a 
view. Thus, Notes fac ilitates categorizing 
and locating documents in a way not pos­
sible in a standard fi le system. A se rve r 
ma intains a ll co nfi gura ti o n a nd use r 
in fo rmatio n in a special database- the 
name and add ress book-whose docu­
ments describe a ll servers at the site, reg­
istered users, co nnections with o ff-site 
se rvers, special-pu rpose databases, and 
any other needed system in fo rmati on. 

BEST 
Lotus Notes 4.1 

Today's Notes excels in document 


management and Internet integration, and 


it continues to break new ground while 


its competitors play catch-up. 


At best, Microsoft's Exchange is 


comparable to previous versions of Notes. 


In rhe Notes architecture, mail is just 
a way to move stored documents. When 
a user composes a mail message, N otes 
saves it in a special database fo r outgo­
ing mail. The system recognizes anything 
in that database as o utgo ing mail and 
routes it to its destin ati on. Each use r has 
hi s or her own mailbox, which is simply 
another Notes database. 

Replication: I See, I See 
Replication is what gives Notes its unique 
character. The same database can exist in 
multipl e loca ti o ns; whe n users add , 
delete, o r mod ify documents, the sys­
tem sy nchro ni zes a ll th e changes. For 

Lotus Notes and Microsoft 
Exchange seek to be unified 
environments for group 
projects, but they approach 
this goal differently. 
By Mark Hettler 

enterpri se-wide in fo rmati o n sharing, 
N o tes provid es replicati o n betw ee n 
servers. Each server's name and address 
book contains co nn ecti o n documents 
speci fy ing the servers with which to repli­
cate, the repl ication schedule, and mail 
ro uting. Compani es can also replicate 
in fo rmati on with their customers or oth­
er business associates. 

Repli cation helps users who connect 
via modem o r rake N otes databases o n 
the road. Users can ini tially replicate any 
database, selecting th e docum ents th ey 
want to wo rk w ith off-line. Once di s­
connected, users ca n create or edit doc­
uments and post mail messages to an out­
going mail database. After reconnecting 
to rhe server, the system routes outgoing 
mail to the server's mailbox and replicates 
any changes to other databases. 

Databases, Work Flow, 
and Security 
N otes provides templates to facilitate cre­
ating databases; the most commo n tem­
pl ates are fo r d isc uss io n , d ocum e nt 
library, and mail. All use the same under­
lying database storage but differ in vi ews 
(fo rms fo r ente rin g documents) a nd 
fi elds. Discussion databases allow quick 
responses to existing documents, and a 
defa ult threaded discussio n view groups 
rela ted documents and respo nses. The 
doc ument lib rary lets use rs configure 
re vi ew cycles a nd ma intain multipl e 
versions and revision histories. 

In past versions of N otes, macros could 
auto mate tasks; version 4 now includes 
the LotusScript language. Forms design­
ers can add programming that executes 



When it comes to hosting Exchange Administrator looks much Admin istering Notes is fairly well 
discussions, the Notes more like the standard Windows automated, but you can see only part 
interface shines, presenting interface we've come to know over the of the process at a time. 
the clearest view of what's years. You can point and click if you 

~ 
going on. ' know where to go. -­..l,. Ad....,1ishation · Lotus Notes 

By contrast, ' 'rf"fl!i/JJ~!~~~~!!~~~i!!liil•lfl'•••••llii•llili~i§)~~tJB~~i~~~~~~~rn~-=~JExchange's I@ 
discussion 
interface is more 
congested and 
less intuitive. 

1 I 
11 

I 
! 

To: 

hrr. 
Subject 

Close Window U 

Action: 
r.~-ond~ond~--.-.-CCPij~ 

r s~~ 

M.,k A. H.W..ISMTP:mookh<'>nrilcom)
Al : Tlusday.June 20, 19962: 44PM 
Tn· O~m~ 

raalion: Discunion slailer 
t Rtpl,• 

start & discu!sion. 

An e-mail exchange in 
Exchange isn't unattractive, 
but there's a lot of clutter on the 
screen, and you have a lot of 
choices-maybe too many. 

Group editing and revision is another area 
where Notes shines, and this screen 
shows why. The choices of actions are 
presented clearly and simply. 

r This is who! moil look! ~ s~ Dfti 
"'1itootd chonges 

\ 
Notes' e-mail face is simple and 
elegant. It's easy to use and 
hard to confuse. 

While Exchange and Notes do many of the same things, 

they look very different while doing them. 

when users click a button or access certain 
fields, or designers can divide a fo rm into 
sections, each contain ing the fie lds a par­
ticular user is to fi ll out. Each tim e a user 
saves the form, agents moni tor the data­
base and no tify th e nex t person o n the 
routing list. 

Notes security is certificate-based. The 
system provides each user with an ID file 
containing an encrypted key that certifies 
the holder as a valid user in the organiza­
tion. At log-in time the locally stored ID 
hie validates his password, eliminating the 
need to send passwords over the net. Each 
server validates the ID by the certifier key. 

Hi erarc hical certification a ll ows an 
organization to certify divisions, which 

in turn certify smaller units, which certify 
users. Servers with a common certification 
ca n rep li cate th e ir name and address 
books, thus providing a global address 
book. Different organizations can "cross­
certify" one ano ther to all ow exchange 
of information. Certification forms the 
basis of electronic signatures. 

Documenting the lnterface 
With all its power, Lotus Notes is very 
complex and often unintuiti ve. Rather 
than point-and-click options, many con­
fi gurat ion tasks require typing in for ma­
tion into fields or a database. But in most 
cases, particularly initial setup, the print­
ed manuals and help system provide clear, 

step-by-s tep instructions. For example, 
setting up the Lotus Domino software for 
Web access requires manually copyingsub­
for ms from one te mpl a te to anoth er. 
(More on Domino later.) Instructions step 
the user through the process. 

The N otes 4 user interface automates 
many common tasks . Server administra­
tion-registering user s, editing user 
options, and entering server commands­
is much easier. Add multiple rep licas of the 
same database and the system creates a sin­
gle icon on the desktop with a pick list. 
On-demand replication is an easy menu 
option. In setting up a second server, the 
system automatically produces the needed 
connection documents to allow replication. 

continued 
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In addition, the Windows NT server now 
supp orts the SPX protocol, simplify ing 
NetWare connectivity. 

But a task that isn't automated or that 
lacks step-by-step instructions can be con­
fusing. Adding a second communication 
p rotoco l t o a server requi res makin g 
changes in two diffe rent pl aces . Th e 
manual tells you what to change in the port 
settings dialog, but not where to fi nd that 
dialog. And the only way to remove a doc­
ument fro m the "favorites" fo lder with­
out deleting it from the database is to add 
a button that executes a script. 

During our tests, we moved user mail­
boxes fro m one server to another. Recon­
figuring clients to look fo r mail on the new 
server was a majo r challenge . After we 
edited the NOTES.IN! fil e, the cl ient soft­
ware changed the setting back to its pre­
vious value. The same th ing happened 
after we reran the setup program and spec­
ified a new server. T he only recourse was 
to completely remove and reinstall th e 
client software. Later, by accident, we dis­
covered that you have to make a change in 
the client's "locati on" configura tion. 

But such snafus were the exception. In 
most cases, users who take time with the 
documentation will fin d that fo llowing the 
instructions produces the desired results. 

Internet Access 
The InterNotes Web Publisher converts 
Notes forms, documents, views, and data­
bases to H ype rtext Ma rku p Language 
(HTML) fo r publication on the Web. T he 
lnterNotes We b Navigator lets a Notes 
server act as a browser, saving Web pages 
in Notes databases. This helps Notes users 
who don't have Internet access and allows 
futu re refe rence off-line. At press time, 
Lotus is about to make its SMTP Message 
Transfer Agent add-on available fo r NT; 
it's already avai lable for OS/2. This w ill 
allow a No tes serve r to fun cti on as an 
Internet mail server. 

The heart of N otes' Internet integration 

is D o min o, a downl oadab le add- o n 
(http ://domino. lotus.com) that turns a 
Notes server into a Web server. Domino 
converts N otes obj ects to HTM L upo n 
request, allowing browsers to access N otes 
for ms, documents, views, and databases 
as if they were a standard Notes client. (See 
our Eva! in the October BYTE.) 

Lotus Notes is targeted as a cross-plat­
fo rm solution for a variety of operating 
systems. It's currently available fo r Win­
dows NT, OS/2, and a var iety of Uni x 
platforms, with client software fo r 16-bit 
Windows and M acintosh. Storage and 
security mechanisms are completely OS­
independent. Except for minor installa­
ti on differences, Notes functions identi­
cally on different platforms. 

Mail-Centered Exchange 
Where N otes is a data base manager, 
Microsoft Exchange is a messaging system. 
A major upgrade to Microsoft M ail, Ex­
change is designed primaril y to move 
info rmation fro m one place to another. It's 
essen ti all y a mail sys tem wi th storage 
added, whereas you can think of Notes as 
a storage syste m wi th ma il add ed. 
Exchange provides many of the same mail 
fea tu res as Notes. A point-and-click inter­
face helps set up users and connectors to 
transfer mail with other Exchange servers 
and mail systems, such as Internet mail. 

Exc hange beg ins with pr ivate mail­
boxes and adds public fo lders (mailboxes 
that don't belong to specific users), whi ch 
are similar in many ways to Notes data­
bases. Folder owners can determine which 
users have what access. Public fo lders serve 
fo r di sc uss io ns, pos tin g t o pi cs , and 
responses, and they can disp lay a thread­
ed discussion view. But Exchange lacks the 
built-in smarts of Notes' templates. There 
are no predefined views geared specifically 
to a public fo lder's use, no speciali zed 
interface features. 

Exchange is tied tightly to Windows NT. 
Each Exchange user corresponds to an NT 

user account, and it's the OS that authen­
ticates users. Administrators can install an 
advanced certification-based security sys­
tem, similar to N otes', that enables elec­
tronic signatures. 

In o rd e r t o sha re in for mati on , two 
servers must either be in th e same NT 
domain or their domains must have a trust 
relationship-that is, a link between them 
that allows one domain to recognize the 
user accounts of another domain, trusting 
that other domain to authenticate the log­
ons of its users. Exchange refers to sever­
al servers at the same location as a site, and 
several sites can be grouped into an orga­
nization. Administrators view all servers 
wi thi n a site in a si ngle w indow in the 
administration progra m; th ey can open 
other windows to administer other sites 
if they have the rights. But it stops there. 
Exchange provides no facilities fo r repli­
cating publi c fo lders betwee n different 
organizations. Two different business enti­
ties, such as an organizati on and its client, 
can ' t repli ca te publi c fo ld er co ntents 
unless they set up their NT networking and 
Exchange infrastructure as though they 
were the same organizati o n. Exchange 
ca n , howeve r, r o ute ma il messages 
between differe nt o rganizations. 

A Matter of Form 
Exchange's Electronic Form Designer lets 
you create custom forms fo r mail and fold­
er pos tin gs. Des igners ca n enhance a 
for m's fu nctionali ty using Visual Basic. A 
message built upon a fo rm can display di f­
fere nt info rmati on and functi onality to 
send er and reci pient . But w hile No tes 
just saves a fo rm in a database, Exchange 
requi res a cumbersome process of regis­
te ring fo rms in the O rgan ization Forms 
Regist ry (OFR). W hen we reached th at 
point, the OFR was n' t p rese nted as an 
ava il able option. A M icrosoft represe n­
tative explained that we had to firs t con­
fi gure the OFR on the server and stepped 
us through the process of finding and con-

GROUPWARE SYSTEMS 


BEST OVERALL 

Lotus Notes 4.1 
Experience shows 
as Notes keeps well ahead 
of its main competitor. 

Lotus Notes 4.1 

Microsoft Exchange Server 4 

***** Outstanding **** Very Good 

COST, SERVER LICENSE 

$495 

$1970 

***Good **Fair 

COST, CLIENT LICENSE TECHNOLOGY IMPLEMENTATION 

$295 **** **** 
$54 *** *** 

*Poor 
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figuring the OFR. But later on, the OFR 
again became unavailable, and this time 
the recommended fix didn't work for us. 

Visual Basic is avai lab le only within 
forms. There's no equiva lent to Lotus­
Script in Notes agents. For automating sys­
tem behavior, Exchan ge developers have 
only limited, predefined options, which 
limits Exchange's usefulness for work­
flow applications. Several Microsoft pro­
grams, including Word and Excel, support 
serial routing with Exchange, but there's 
no way to develop the sophisticated work­
flow app lications that are standard fare 
at Notes installations. For example, a user 
cannot post a message to a public folder 
that triggers a serial routing process and 
presents each recipient on the list with a 
different set of tasks. 

lnterface Gotchas 
Where Notes requires complex, multistep 
procedures and manual data entr y, 
Exchange offers simple point-and-click 
choices in tabbed dialogs. Bu t time and 
again, we followed the directions and got 
an entire ly unintended result, leadi ng to 
a trial-and-error hunt to discover some 
obscure (but vital) detail we had over­
looked. For instance, adding a second serv­
er to a site is simple if you use the same ser­
vice account on both servers. Ifyou don't, 
however, it's almost impossible to und o 
the mistake short of reinstalling Exchange 
from scratch or granting several obscure 
and undocumented privileges in both 
Exchange and NT. We also had to experi­
ment with granting the administrators var­
ious rights on each other 's domains before 
the servers could communicate. 

We set up several clients in a seemingly 
identical manner. All but one connected 
properly to the server. We compared set­
tings carefully but couldn't determine why 
one could never connect. There's virtually 
no documentation on client configuration. 

FEATURES 
Notes4.1 Exchange Server 4 

SERVER PLATFORMS 
W indows NT 3.5x, 4.0 ii 
Unix, OS/ 2, NetWare ii 
NetB IOS, named pipes, NetWare SPX, TCP/I P ii 

CLIENT PLATFORMS 
W indows 3.x, 95, NT 

Unix 

OS/ 2 

Macintosh 

ii 
ii 
ii 
ii 

ii 

ii 

ii 

A 
ii 

E-MAIL ADMINISTRATION 
X.400 routing, MAPI support, SMTP gateway ii ii 
Automatic space reclamation ii 
Roll forward from transaction log ii 

E-MAIL USER FEATURES 
Threaded discussion view ii B 
Fax capability c ii 
Voice·mail integration c c 
Change message to task ii c 

DOCUMENT MANAGEMENT 
Folders within fo lders, user-created folders ii ii 
Full -text indexing ii c 
Index based on categories ii ii 
Changes stored as new document ii 
View multiple versions of document ii 
Index text of word processor documents ii c 
Access documents on multiple servers ii ii 

CONFERENCING/DISCUSSIONS 
Threaded discussion view or outline view ii ii 

Hot link to ori ginal posting ii ii 

REPLICATION 
Scheduled replication ii ii 

Change-tri ggered replication D ii 

O n-demand replication ii E 
Automatic al ternate routing ii 
Replicate selected documen ts outside organization ii 

WORK FLOW 
Serial rout ing ii c 
Track messages through routing process ii c 
Predefi ned routing lists ii c 
Rules-based routing lists ii 

SCHEDULING 
Find first open ti me for all participants D ii 
Check for confli cts, request confirmation D ii 

Assign tasks ii c 
Accept/decl ine/delegate tasks F c 
Notify of task completion ii c 

INTERNET FEATURES 
Access Web without browser ii G 
Store URL con tents in database or folder ii 
View fo lders and documents using Web browser ii G 
Post documents to public folders using browser ii G 
Use document links in browser ,/ 

SECURITY 
Cert ificate-based security ii H 

Trust relationships outside organization ii 
Electronic signatures ii ii 

A Can run Windows 3.x cl ient under OS/2 3.0. E Local-to-server replication 

B Messages must be moved to common fo lder F Accept or decline 

C Available as add-on, separate, or third-party product G Available in future upgrade 

The server administration program lists 
public fo lders by site, not server, so it's dif­
ficult to tell where a public folder resides. 
If a folder's server is down, the fo lder will 
be listed but inaccessible. The system syn­
chronizes a public folder between two 
servers only after replica tion has been set 
up exp licitly. It's difficult to test whether 
replicat ion works properly because the 
administraror can' t tell w hich server's 
folder he or she is viewing. 

The client program lists public folders 
D To be available in version 4.5 H X.509-based certificates at message leveltogether with mail folders, which might 

be convenient. But wheneve r you are 
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positioned in a public folder, selecting 
the toolbar's "new" button creates a new 11u:11•a•1•'--T_H_E_N_E_T_W_O_R_K__. 

The Inter/Intranet Alternative 
Even when Notes had no real competition, the Internet was being considered a serious alter­

native. Its infrastructure is designed for sharing information between sites around the world, 

and an ever-growing array of tools for browsing and downloading information means orga­

nizations don't need to distribute special-
rm lm1p://dtv4.byt•.comriormn/l'00310.11tm1 

ized software. The existing wired network "''2:.c,.,..,• ., :=.=:~=====;.;irr=======.,,,,. ~"'9='s=..,,. ,,..,
d..IXW;hiti&.111Mn1J nJtJUtl~dJlt lYPJ,.lonW.SJ rnTi'i"il~ifileliminates the need to set up private com- -""ll.,.,..,,_,,,..,,,......,.,,.,....,_M, m.:a.J..! 

munication links between cl ients and ='l;,il.i'j ,,,.,"""' 
(Prev][~(!l!:Pjy]~_tl[E!, 

51

servers. Lack of security has been a tradi- ~~m"'11 
Saff/Kt: lhe llnewrap dH.m

tional criticism oflnternet-based informa- ~~~~i;_:~~.i~~,~· From: Jon Umll <lC!f!_~_1 
o.t.: lbu, 20 s.p 1196 oo:cr; 

U • .Dti6nli.11n_.1gf\!Olt -: itil ltN. Jtmolltatl.E.Brlrbto Organlutlon: avn:tion sharing, but the emergence of Secure 
~M:.OUU.O:J'luaJ,J\1~Jl.JlQt~J.1-'~· .k.ru Well ~ 
;YUichli.'1n...i!OI ~.llJ1!:fPt.o•td_JllQU,JlDI ISockets Layer (SSL), firewalls, and encryp­ i:.!.U~t~!.•1,~tfl!.Jl.tjdJ!Pl'!. "*fmtHowmd 

I've noticed this too. It's • b 
tion has made this less of an issue. :=::-.w~t:'~Brl,._ ::i.~=:.·a::·;;:~ 

Even within local sites. organizations are 3~~!"~~\~~~~~...,..!!!1.& tb•form th.t Kc..,ts po•b 

seeing the value of intranets, using Web 
0

~~·~·-··~-· · · "-~ ·~:""'· -··: ~· ·~;~~·-~,;;;~.; ... 

1servers and browsers to share information e - ase iscussion on e e 

over a LAN or WAN. Here again, Web tools preclude the need for proprietary software. 

Moreover, such intra nets readily allow seamless access to information from the outside world. 

Internet mail has become the common means by which many organizations communi­

cate. There is some question whether current Internet-based routing between sites in an 

organization can handle heavy volumes of mail as efficiently as proprietary packages, but 

providers of Internet-based solutions should be able to address such issues. 

Internet newsgroups provide discussion features and functionality similar to those of 

Notes and Exchange. Most readers are familiar with public Usenet forums, but news servers 

can also host private discussions. Newsgroups allow readers to post responses, start new top­

ics, and display messages in a threaded view. 

Where Internet and proprietary solutions diverge is in document management. Newsgroups 

are a convenient way to post messages and attachments, but there's no way to categorize 

them except the user-entered subject line. Also, newsgroups don 't allow users to edit or delete 

posted documents or to let some postings expire and others live indefinitely. 

The most common way to make information available, whether on the Internet or an 

intra net, is with Web pages. A Web page may contain information, or it may provide links to 

other pages and files for downloading. While the Web is convenient for finding and viewing 

information, it's awkward to manage. Making a document available on the Web requires 

authoring a page and providing links to the new document. 

Web sites are simply unusable for group document management. Once a document is 

published, people can easily read it or download it, but it is nearly impossible for them to edit 

it. Making and saving changes involves republishing the original Web page; maintaining mul­

tiple versions involves publishing a new page for each revision. Beyond the inconvenience, 

there's no database for storing and organizing documents; we're back to the OS's file sys­

tem, with documents scattered among directories and held together by hypertext links. 

One important consequence offile system-based storage is the lack of facilities for repli­

cation between sites. Newsgroups allow the propagation of new postings to multiple sites, 

but replicating Web sites is more difficult. While some might argue that the Internet is 

designed to make information in a single location accessible to users around the world, the 

large number of mirrored sites already in existence points out the Net's inadequacy. Moreover, 

many organizations will want to have proprietary information replicated to sites in various 

locations protected by firewalls rather than in a single location that is accessed remotely. File 

transfers can move information from one site to another, butthere are no mechanisms for syn­

chronizing changes made at multiple sites. 

Despite these disadvantages, the Internet is here to stay, and using Web browsers to 

retrieve documents will become the primary means whereby people access information. The 

only question is what role existing PC software technology will play in the Internet environ­

ment. Both Lotus and Microsoft are working to move their groupware technologies to the 

Internet. but it is uncertain how well they'll compete with products designed for the Internet 

from the ground up. 

e-mail message, not a new posting for the 
folder. To create a new item for a fo lder, 
you must explicitly select "New post in this 
folder" from the Compose menu. Lastly, 
Exchange's Un install program didn't com­
pletely remove the software; a technician 
had to manually delete dozens 0£ entries 
from the NT registry to avoid error mes­
sages on system start-up. 

Which One? 
Microsoft's counterpart to Domino, still 
in development, will integrate Exchange 
with Microsoft's Internet Information 
Server. This will combine the benefits of 
a full-featured Web server, including access 
to standard HTML files and customized 
Web applica tions, with access to Exchange 
mail and public fo lders. The Exchange 
server includes Internet Mail Connector, 

PRODUCT INFORMATION 

Exchange Notes 
$1970, server license; $495, server license; 
$54 per client $295 per client 
Microsoft Lotus Development 
Redmond, WA Cambridge, MA 
(206) 882- 8080 (617) 577-8500 
fax : (206) 93-MSFAX fax: (617) 693-0968 
http://www.microsoft http://www.lotus.com 
.com/exchange Circle 1021 
Circle 1020 on Inquiry Card. 

which can forward mail to Internet hosts 
and receive mail from the Internet. 

All in all , Lotus Notes does a better job 
incorporating mail into its document data­
base architecture than Exchange does 
incorporating document management and 
groupware into its messaging structure. 
Moreover, Notes is far ahead in terms of 
seamless integration with the Internet. Ill 

Mark HettlerpioneeredNSTI.:s coverage ofSQL 

servers and m ultiuser databases. You can reach 

him at mark_hettler@nstl.com. 

Evaluations in this report represent the judg­
ment ofBYTE editors, based on extensive 
tests conducted by National Software Test­
ing Labs and documented in a recent issue 
ofNSTI.:smonthly Software Digest. To pur­
chase a copy of that report, with their own 
evaluations and data, contact NSTL at 625 
Ridge Pike, Conshohocken, PA 19428; (610) 
941 -9600; fax (610) 941 -9950; edi­
tors@nstl.com. For a subscription, call 
(800) 257-9402. BYTEMagazineandNSTL 
are both operating units ofThe McGraw­
Hill Companies. 
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New Toolsfor 

Internet Apps 


LDAP directory services, secure IP communi­
cations, and IMAP-based e-mail will underpin 

tomorrow's Internet-based applications. 

(j[J
uilding Internet applications isn't much different from 
bui lding stand-alone applications. Yeah, right. T he 
Internet is a unique platform with its own advantages 
and challenges for applications developers. 

One measure of its uniq ueness is an infrastructure that is 
pretty much of a black box to deve lopers. Your applications send 
data packets into that box, and the box in turn sends the packets 
around the world. 

The basic infrastructure model won't change dramatically any­
time soon. So what wi ll be different for developers of tomorrow's 
Internet applications? A handful of technologies will provide for 
fas ter access to network resources, more secure transactions, and 
better communications. These emerging technologies all depend 
in one way or another on manipulating in clever ways the pack­
ets you send over the Internet. 

For example, you' ll soon be able to extend the usefu lness of 
d irectories-repositories of data, app lications, and other 
resources. Today, directories work bes t at he lp ing you find 
resources locally or on a LAN. Our story "LDAP Unites the Inter­
net" explains how new kinds of directory services can help you 
find and manage resources strewn across th e Internet as eas ily 
as if they were stored locally. 

To keep your data and messages away from thieves and eaves­
droppers, a new secure IP standard defines ways of encrypting 
parts of the packets as they trave l aro und the Internet. This 
standard wi ll be mandated in IP 6, but "In ternet Armor" shows 
how app lications developers and end users can use it now to 
defend their secrets against all foes. 

A new e-mai l protocol, Internet Message Access Protoco l 
(IMAP), is far more adroit than the current standard, Post Office 
Protocol (POP), at helping you manage your inbox and for cre­
ating simple groupware applications. "E-Mail Grows Up" detai ls 
how you can use IMAP to selectively retrieve messages and mes­
sage parts, as well as create new kinds of Internet applications. 

These three approaches for handling message packets mean 
that the best advice for Internet developers will be to continue 
to ignore the infrastructure entirely. Don't rip up th e tracks; 
instead, customize the trains that run on them. 

-Edmund X. DeJesus 
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LDAPUnites 
thelnternet... 121 
X.500 "lite" provides better Internet 
access to data and applications. 

Interoperability 
General-purpose directoryQ

services like LDAP span 

applications and OSes to 

offer end users a single 

log-in point for WAN 

resources. 


..-...-1~ 
Referral 

Replication 
LDAP enables basic operations, such as reading, 

comparing, writing, and deleting data, that are 

required for replicas. 
 ,._...,,..Ir 

~- " 

• Replica 
(slave 

server) 

... 

If the requested item does not reside on 
a connected server 0 , the server refers 
the client to the correct server @ . 

0 Inter 

._.. 
Master 
server 

Only the master server can make changes to the directory. If the 
master is down, no changes can be made. Clients can use replicas of 
the directory, without changing the original. 
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Next 
header length Reserved 

Security parameters index 
(32 bits) 

Authentication data 
(whole number of 32-bit words) 

Authentication Header 
Ensures that a transmitted 
packet was senY,iy the 

, source identifietl 
'in the packet 
header. 

IP 
header 

Internet Armor 
••• 127 

Secure IP protects commerce 
and communications 

over the Internet. 

ESP trailer 

Receiver 

Authentication Transport-level segment 
header or IP packet 

ESP 
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Authentication and Privacy Header 
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Read header only 



Lockheed Martin Missiles & Space 

Join the Lockheed Martin Miss iles &Space teamin Sunnyvale, California to create a product line for closed loop spacecraft systems-includingOight software, analytical and real-time 
simulations, a rapid prototyping testbed and standardized hardware. ll1e development of reusable assets is an essential part of our next-generation of commercial, NASA, and military 
spacecraft systems. Our state-of-the-art development faci lity uses leading-edge technologies and tools to create flight software,closed loop spacecraft systems and test command 
and con trol systems. 

Opportunities exist for flight software engineers and real-time embedded systems experts, with specialties includingsoftware design: hardware/software integration, software 
database eno0 ineerinoand Graphical User Interface development. In addition. we have opport u111t1es for Attitude Control Specialists mcludmg analysis and s1mu\at1on,eqmpment 
engineeringand sys~ems engineering. All positions require a BS degree in CS/EE/Math/Physics/Aero/ME or equivalent (MS degree preferred). Strong communication skills and 
the abi lity to work in an integrated product team environment is required. 

Real·Time Flight Software Development 
Real-Time Software Designers (Entry to Senior-level) 
Positions requireexperience in developingrea\-lirnesoftware: practicalAda experience 
with the use of structured or object-oriented development methods and tools; proficiency 
with UNIX;and experience in the development of spacecraft flight software, RISC 
processors and hardware/software integration. 

Flight Software Engineers 
Requiresexperience developing software for real-time embedded systems. Positions 
available at all levels, require CIC++, Ada, FORTRAN or Jovial experience. Working 
knowledge of system and software requirementsanalysis, architectural and detailed design, 
and code/test of software units required. Experience with theapplicationof formal methods 
(SA/SD or object-oriented) is a plus. Knowledge of spacecraft control systems desirable. 

Software Test Engineers 
You must have 5+ years of experience in the formal test of embedded and real-time 
software. Knowledge in all phases of formalsoftwareacceptance test process and the 
development of test environments is necessary. Experience testing spacecraft soft ware 
and object-oriented software designs is highly desirable. 

Real·Time Testbed Development 
Real-Time, Embedded Systems Hardware/Software Integration Specialists 
Requires5+ years of experiencedeveloping real-time embedded systems, including2+ 
years in a UNIX environment. Knowledge of modern software development methods 
and tools is essential. SGI Challenge series experience desired. 

Firmware Engineers 
Positions require3+ years of experience developing real-time embedded software, 
including operatingsystems, hardware drivers or other low-level embedded codes. 

Software Database Engineers 
Requires3+ years of experience developingdatabase applications for spacecra ft test 
or operations. Familiarity with a UNIX operating environment and Cprogramming 
language is essential. Sybase experience desired. 

Graphical User Interface Developers 
Requires 3+ years of experience developing Graphical User Interfaces in acomplex sim­
ulation or COTS application environment. Knowledge of current HCI standards and 
practices a mus\. SAMMI experience desirable. 

Spacecraft Simulation Engineers 
You will need 3+ yea rs of experience developing complex. dynamic spucecraft 
simulations. Additional requirements include a working knowledge of C/UN!X, as 
well as domain expert ise in developing spacecraft simulations including attitude 
control,power or thermal subsystems. Matrix-X SystemBuild or Matlab/Simu\ink 
experience strongly desired. 

Attitude Determination and Control 
Attitude Determination and Control Analysis 
Requires at least 3 years of experience designing and analyzing spacecraft attitude 
determination and controlsystems. Working knowledge of cont rolsystem design, 
simulation, hardware modeling, and spacecraft dynamics is required. Experience in orbit 
mechanics, software (C/Ctt, Ada) and hardware procurement desirable. 

Attitude Determination and Control Equipment Engineer 
Requires at least 3 yearsof experience analyzing and procuring spacecraft attitude 
and determination and control component& Experience with specifying, procuring and 
manufacturing complex components such as tracker~ reaction wheels. and ring laser 
gyros is required. Experience with attitude determination and cont rol systems and 
algori thms highly desirable. 

Attitude Determination and Control Systems 
Requires at least 7 yearsof experience in analysis. hardware procurement and requirements 
flowdown/verifica tion. Experience developing AD&C architectural solutions to top-level 
requirements, flowing requirements down to hardwareand software allocations,developing 
detailed verification plans and interpreting hardware 1es1 data is essential. 

Applicants selected will be subject to asecurity investigation and must 

meet eligibilit~' requirements for access to classified information. 


Please forward your resume to: Lockheed Martin Missiles & Space, 

DEPT. BYTE, P.O. Box 3504, Sunn~·vale, CA 94089. E-mail: 

jobs@lmsc.lockheed.com. FAX: (408) 742-6194. Lockheed Martin is an 

Equal Opportunity EmplO)'er. 


See the Lockheed Martin Missiles & Space Home Page 
on the World Wide Web at: http~/www.lmsc.lockheed.com/ 
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Is LDAP the answer for better over-the-Internet access 

to data and applications? By Jamie Lewis 

LDAP Unites the Internet 


liJ
ho would have th ought that 
directory services-the white 
pages o f the nerwork world­
w o u Id e merge as a p r im e 

technology fo r enabling new lntern et­
based applicati ons? Sure, directory ser­
vices have always served as background 
guides to netwo rk servi ces, applications, 
and people. Now, because companies are 
using the Intern et for communicati o ns 
and to unify internal networks, directo­
ries are o n the fro nt burner fo r app lica­
tions deve lopers. 

In many ways, the current surge in d i­
rectory development can be attribu ted to 
Lightwe ight D irecto ry Access Pro toco l 
(LDAP) . LDAP 2, the Intern et standard fo r 
d irec tory serv ices , is a di s till a ti o n o f 
X.500, the O pen Systems Interco nn ec­
ti o n (OS I) p ro toco l fo r directo ry and 
resources management. LDAPgives appli­
cations developers a vendor-independent 
mechanism fo r di rectory interoperabil­
ity. That 's impo rta nt for th e Inte rn et, 
where publi c-directo ry access and inter­
operability are press ing issues, and also 
fo r the intra nets, where directo ry inte­
gration is a significant p roblem. 

As a result, LDAP may indeed deliver 
many o f the benefits p romised by X.500. 
Vendo rs such as AT&T, Lotus, Microsoft, 
Netscape, and Novell are jumping on th e 
LDAP bandwagon. T his helps make inter­
opera bl e directo ry so luti o ns no t o nl y 
possible, bur likely. 

LDAP is not a panacea, however, and 
there a re ho les in th e range o f w hat it 
offers. As vendo rs such as N etscape add 
extensions to the p rotoco l, some people 
question how long it will remain a stan­
dard for interoperability. 

What LDAP Does 
The University of Michigan developed 
LDAP in conjuncti o n with the Intern et 
Engineering Task Force (I ETF). LDAP 2 
is a current Intern et sta ndard ; furth er 
extensions to the pro tocol are in versio n 
3, which is being formulated . 

The protocol's foundation is Directory 

Access Protoco l (OAP), the X.500 stan­
dard 's link berween clients (directory user 
age nts) and se rve rs (d irecto ry servi ce 
agents). As is th e case with many OS I pro­
toco ls, ho weve r, OAP creates so mu ch 
overh ead that it's not practical fo r use in 
typ ica l DOS, Wind ows, and M ac cli ent 
environments. 

T hus, the University of Michigan de­
ve lo ped LDA P as a st reamlin ed way to 
access and upd ate directo ry in for ma­
tion in a cl ient/server model. Using LDAP, 
for exampl e, applications can add, delete, 
and modify objects and th eir attributes in 
a di rectory database. O ne or more LDAP 
servers contain th e data comp rising the 
di rectory tree, and LDAP clients connect 
to an LDAP serve r to qu ery or modify the 
co ntents of the tree. 

LDAP does not req uire an X.500-co m­
pli ant di recto ry; the pro toco l can com­
municate with any hierarchical, attribute­
base d directo ry. For intero perability, 
LDAPassumes supporr for the X.500 nam­
ing mode l. For exampl e, object cl asses 
incl ud e co unt ry and o rgani zati on, and 
generall y fo ll ow the hierarchy defin ed by 
X.500. The new LDAP specifi cati o n de-

LDAP Referral 

0 
Client 

..__..,queries 
server. 

~ 

0 
Server 

8 
Client queries 
second server. 

Server refers client 
to another server.* 

*The referral is entered manually: the first server can't "find" another. 

LDAP directory replication helps you search 

for resources across multiple servers. 

fin es a syntax that suppo rts the attr ibutes 
o f X.500 directory obj ects. 

Fo r reaso ns o f security, LDAP sup­
ports a uth e nti ca ti o n. Ve rsio n 2 uses 
simple authentication (an encrypted pass­
word pass ing "on th e wire" ) and Ker­
beros (the network security and authen­
ti ca ti o n sys te m th a t p ro vid es secu re 
log-ins and authenticatio n services using 
the Data Encryption Standard) . LDAP 3 
will ta ke adv antage o f X.509 st ro ng 
a uth enti cati o n, which uses publi c-key 
securi ty certificates. However, LDAP does 
not provide fo r standard access-control 
mechanisms. 

Besides the on-the-wire protocol itself, 
the term LDAPoften refers to an LDAP AP! 
that o ffers a simple, low-level interface 
fo r applications to make a connection to 
a server and access the di rectory. 

Multiple Uses 
Commercial devel opers and co rporate 
programmers can use LDAP in three ways. 
First , it ca n be a p ro toco l for a no ny­
mo us b rowsing . With LDAP, Intern et 
surfers can browse directories and access 
publicl y ava ilable information. N etscape 
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and Microsoft both say th at t he ir Web 
browse rs w ill support LOAP. 

LDAP Unit e s th e Internet 

LDAP Directory Replication
Second, LOAP's authentication services 

mean you can use it to give users authen­
t icated access to sensiti ve in fo rmati o n. 

The thi rd and fina l application of LOAP 
is serve r- to-server com municati o ns, in­
cluding replicati on capabilities and client 
referra ls to o th e r servers in a d irectory 
search. 

The standa rd does not expli citl y spec­
ify the use of LOAP as a rep licati on pro­
toco l. H ow eve r, th e bas ic o pera ti o ns 
LOAPenables- such as reading, compar­
ing, writing, m od ifying, and dele tin g 
data- are those required for the creation 
and maintenance of replicas. 

Netscape says it will use LOAP fo r repli­
cation in its Netscape Directo ry Serve r. 
T hi s use of LOAP for re plication has its 
roots in the first implementation at th e 
University of Michigan, which uses a sin­
gle-mas ter repli ca ti o n to po logy. O n e 
server is the master of the database, and 
only it can make changes in the d irectory. 
M ultiple "slave" servers provid e replicas 
of th e entire di rectory database, w hi ch 
ba lances the load of sea rch and access op­
era ti ons across mul tipl e serve rs (see the 
fi gure on this page). Whil e reads usua ll y 
far outnumbe r writes, this single- mas te r 
model creates a single po int of fa ilure: If 
th e mas te r is down, no changes ca n go 
in to the directory. 

Existing directori es such as Net Ware 
Directo ry Se rvice (NOS) and StreetTa lk 
use a multi master design that can make 
updates to any read /write rep li ca. T his 
a llows high ava ilabili ty in bo th read and 
w rite operations. 

To handl e fa iled qu eries, LOA P 3 will 
let an LOAP server refer a query to another 
server if a particul ar server cannot satisfy 
a search requ est. T he LOAP se rve r ca n 
refer the requesting cli ent to a server that 
may be abl e to sa ti s fy th e requ est. The 
refe r ra l ca pability a lso se nds a ll wri te 
o perations to t he maste r se rver. As the 
figure " LOAP Referra l" o n page "1 2"1 illus­
t ra tes, th e refer rin g se rv er passes th e 
name o f the seco nd server to th e LOA P 
cli ent. T he cli ent th en co nn ects to the 
se rver to which it has been re ferred . 

But LOAP does no t let multipl e t rees­
in other words, mul tiple master servers­
learn about each o ther and their contents 
automatically. Refe rrals a re static, based 
on entries for other servers manually made 
in the directory database. 

The University of M ichigan is working 
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Only the master server can 
make changes to the directory. 
Hthe master is down, no 
changes can be made. 

Master 
server 

Clients can use replicas 
of the directory, without 
changing the original. 

Clients 

Netscape will use LDAP's single-master model for 

replication in Netscape Directory Server. 

on extensions to LOAP that would let mas­
te r servers create indexes of their contents 
and pass th em to other master se rve rs. 
T hese so-ca ll ed fo rw a rdin g in dexes 
wo ul d all ow fo r dynamic referra ls based 
o n th e na ture of th e c li e nt qu e ry a nd 
knowledge of th e conten t of other trees. 
Un til intelligent referra l capabili ties are 
added, an LOAP referra l could in theo ry 
lead you o n a wild-goose chase across the 
Internet, with each server referring you 
to yet another server, with no end in sight. 

Who's Doing What? 
Ini t ia ll y, most ve ndo rs sa id they would 
use LOA P only as an anonymous brows­
ing protocol to make directory in fo rma­
tion ava il able ove r the Internet. N ovell , 
fo r exa mpl e, anno unced LOAP support 
fo r publi shing th e in fo rmation ava ilabl e 
to a guest log-in to NOS via LOAP. Net­
scape was the onl y vendor to go on record 
s ta tin g th a t it wo uld use LDAP in a ll 
three ways menti oned ea rlier. 

But as LDAP's mo mentum grew, th e 
other ve nd o rs fe ll in lin e. Nove ll has 
said that it w ill use LOAP in all th ree ways. 
Microsoft says it will use LOAP as " its core 
directory protocol" in a subsequ ent ver­
sion of Windows NT. M icrosoft had o rig­
ina lly planned to use the O bj ect File Sys­
tem (OFS) as the d irectory repository in 
future NT releases. Microsoft now says it 
w ill use so me of th e techn o logy fr o m 

th e directo ry in M ic roso ft Exc ha nge 
Server. 

Whil e Mi croso ft will p rov id e OFS 
capabiliti es th rough extensions to the NT 
File System (NTFS), the company is using 
th e Exc hange di rectory database and 
repl ication engine, expandi ng them for 
use with the new NT di recto ry. For exam­
pl e, th e bas ic schema o f th e Exchange 
directory will expand to re fl ectthe needs 
o f a genera l-purpose directo ry, and the 
replicati on model will extend to support 
full mul timaster replicatio n. 

The res ulting directory will increase 
th e fun cti o na lity o f the d o main-base d 
naming system fo und in NT Server today. 
Rather than serv ing as the basic compo­
nent fo r o rga ni zing the d irecto ry, for 
exampl e, the do main will become a secu­
rity and replication boundary in the direc­
to ry tree. The directory will a lso extend 
to support a deeper hie rarchy, including 
o rga ni za ti o na l units in d o ma ins. Th e 
directory will also let admin ist ra tors del­
egate auth ority over groups and o rgani­
zational units, with out giving the dele­
gates contro l over the entire do main or 
t ree. 

To accommodate Internet connectiv­
ity, future NT Server directories will work 
with th e In te rn e t 's D o ma in N a min g 
Sys tem (ONS) name space and support 
names based on ONS and Internet domain 
names. ONS names (e.g., acme.com) w ill 

http:acme.com
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be na mes of directory trees in fu tu re 
versions of NT. Applications and services 
will perform DNS lookups to fi nd di rec­
tory servers both on intranets and over 
th e Intern et. Having found a di recto ry 
via DNS, applications will be abl e to use 
LDAP to access the information in those 
directories. Applications will also be able 
to use OLE DB and OLE DS , whi ch a re 
interfaces that are based on Microso ft 's 
Commo n Object M odel (COM) and Ac­
ti veX techno logies. 

Microsoft says it will integrate the con­
tent o f the separate fil e-system and direc­
tory repositories in fu ture versions of NT. 

For exampl e, index and query serv ices 
will let you search both the NT directo ry 
and the OFS provided by extensions to 
NTFS. Microsoft says that when this in te­
gra ti o n ha pp ens, yo u will be a bl e to 
sea rch fo r o bj ects base d no t o nl y o n 
conventional attributes, such as filename, 
date, and owner, but on content as well. 

As a result, LDAP may indeed inadver­
tentl y accomplish what X.5 00 never was 
able to: directory interoperabili ty among 

di ffe rent vendor implementations. N et­
scape Di rectory Server is already in beta 
testing and is due to ship this year. No­
ve ll , too, says it w ill ship ano nymo us 
LDAP support this year, with auth enti­
cated client/server access and replicati on 
suppo rt coming next year. Finall y, Mi ­
croso ft says it will ship the NT directory 
sometime in 1997. LDAP eve rywhere? 

So What's the Catch? 
As always, there is a downside to thi s. 
LDAP 2 does not include strong authenti­
catio n and multimas ter repli cati o n. In 
addition, the search model has limits, and 
th e need fo r mo re intelli ge nt re fe rra l 
ca pabiliti es and access-contro l mecha­
nisms is cl ea r. Al so, li ke any standa rd , 
many product implementati on deta ils­
such as the speci fi c di recto ry database to 
use and how to replicate it-are left up to 

the vendor. 
Beca use o f these limi ta ti ons and the 

need to build competitive products, ven­
do rs will extend LDAP with features spe­
cific to their implementation. Novell con­

tinues to toutthe multi master replication 
capabilities of NDS, fo r example, a nd 
M icrosoft says it w ill add simila r capa­
bilities to the NT d irecto ry. While Net­
sca pe is basi ng m uc h of it s wo rk o n 
LDAP 2, it's also making extensions that 
go beyond the current draft o f version 3. 
N etscape is adding access-control capa­
biliti es, fo r exa mpl e, th at aren' t in any 
current d raft of th e standard. 

One of the biggest questions with LDAP 
is what level of interoperability will ven­
dors achieve, given the various extensions 
th at have bee n made to th e sta nd ard ? 
Today, M icroso ft, N etscape, and Novell 
agree that the ve rsion 2 functi ons will be 
the interoperability baseline. H owever, 
interoperabili ty will also depend on the 
degree to which Netscape publishes its 
extensions and the degree to which Mi­
croso ft , N ovell , and o ther vendo rs sup­
port version 3 and track N etscape's ex­
tensions to it. 

Altho ugh no ne of th e ve nd o rs have 
explicitly stated their suppo rt fo r vers ion 
3 and Netscape's extensions, Netscape's 

HowLDAPandX.500Compare· · , 

Feature LDAP X.500 

Objective Simplicity. 

Transport mechanism TCP/IP. 

Data model X.500 as a baseline. Use standardized attributes 
where applicable. Publish standards to allow easy 
interoperability. 

Worldwide directory Directories can grow from bottom up (the "Internet 
way"). Vendors can solve directory problems in 
many ways with interoperability. LDAP offers the 
freedom to mix rigorous X.500 DITs and Internet· 
style randomness. 

Security Does not specify an encryption mechanism. 
Netscape will use LDAP over SSL. Kerberos is 
available (not in Netscape). Will improve in future. 

Server protocol Client referrals to navigate multiple servers. Servers 
can talk to each other (for replication or creating 
server hierarchy) . 

Replication Use LDAP for replication. 

Referrals Already does this. Chaining is supported based on 
server implementations. 

API Simple C API defined in RFC 1823. 

Multicasting Implementation dependent, not protocol specified. 
Client may query multiple servers simultaneously. 

Encoding Many as strings. All elements ultimately in 
lightweight Basic Encoding Rules (BER) . 

Bulk import/export LOI F standard to interchange LDAP information in 
text files. 

Global directory services. 

OSI protocols, ACSE/ROS on session and trans­
port layers. 

Rigid hierarchical data model that scales for a world­
wide directory. Emphasis on generality. Many 
specifics are undefined. 

Rigorous hierarchy of naming contexts and Directory 
Server Agents (DSAs) for worldwide directory. 
Assumes top-down model for name resolution. 
Tough to get everything to fit exactly right on a world­
wide basis. 

Defines X.509 authentication framework, but an 
encryption algorithm is not specified (RSA is the de 
facto standard) . 

Another protocol, the Directory System Protocol 
(DSP) to talk between servers. 

Use DISP/DOP to address replication (only in 1993 
X.500) . 

X.500 supports referrals over DAP/DSP as well as 
chaining. 

Complex, object-oriented API such as XDS API from 
X/OPEN. 

X.500 supports multicasting over DAP/DSP. 

Use full ASN.1 and full BER. Harder to parse and 
compose. 

X.500 does not address bulk transfer. 
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market clout will create pressure to do 
this. Netscape has also made it clear that 
it intends to publish its extensions and 
that it will work to enable most of them 
through the Internet standards process. 

LDAP Brands 
Other characteristics will also differenti­
ate LDAP implementations. For example, 
Microsoft will tightly integrate its direc­
tory with NT. Microsoft insists that 
tight integration with the OS is the only 
way to yield the performance and fea­
tures developers need. Netscape, on the 
other hand, is building a set of services 
designed to run on multipl e platforms, 
insisting that cross-p latform capabi lities 
are essential to interoperability. 

Netscape and Microsoft are also tak­
ing different approaches to the kind of 
directory products that they're going to 
sh ip. Netscape is choosi ng to forgo the 
more sophisticated- and more co m­
plex-features (e.g., multimaster repli­
cation) , choosing instead to get some­
thin g ou t th e d oor fast. Microsoft is 

WHERE TO FIND 

LDAPJ 
http://www.ietf.cnri.reston.va.us/html 
.charters/asid-charter.html 

building support for those additional fea­
tures into its product, whi ch will take 
longer to reach the market. 

Given that we need to lea rn to walk 
before we run wi th directories- and that 
most users have yet to crawl-Netscape's 
approach is valid. By getting its product 
out th e door fast-an d before Micro­
soft-Netscape will continue to put pres­
sure on Microsoft in the intranet-server 
market. Bu t don't count out Microsoft: 
Its ability to integrate the BackOffice 

products with a unified directory will be 
attractive to many users. 

What Should You Do? 
As th e Internet and LDAP drive direc­
tory development, you' ll have a number 
of decisions to make. Which directory is 
right fo r you depends on your current 
needs. For example, both the OS-specific 
and OS-independent approaches have 
merit. Ifyou' re using NT, the integration 
of th e Cairo directory with NT and the 
BackOffice applications may be attrac­
tive. If yo u have a heteroge ne ous net­
work, the cross-platform products from 
N etscape may provide the multivendor 
integration you need. 

For most companies, e-mai l systems 
and the intrane t are the logical places to 
start with directories. As you choose the 
electronic-messaging, Web-server, and 
other infrastructure se rvices that w ill 
comprise your intranet, making sure that 
you integrate them in a unified directory 
model will make ad mini strati on much 
simpler. It wi ll also give you the founda­
tion for the intranet/Internet applications 
that wi ll be the future of your network. 

Understanding fea tu res is also impor­
tant. For example, a lack of multimas ter 
replication could be a problem in large 
networks if yo u can't centrally deploy 
an d maintain the di rec tory. If depart­
ments or divis ions independently deploy 
multi ple N etscape Directory Server mas­
ters, you will have to do a lot of custom­
izing if you want those master servers to 
communi cate, making implementation 
more di ffic ult than it would be under a 
multimaster design. 

In comparison, NDS already provides 
multimaster replication today, allowing 
changes to occur at many servers, which 
will accommodate distributed organiza­

, Directory Services Today 

What directory services do: They help 
you name, describe, find, and protect 
resources over far-flung networks. Instead 
of a network of distinct physical entities, 
directories help us create logical networks 
that we can use as a functional whole. 

Problem: Each network OS (NOS), mes­
saging system, and client/server applica­
tion uses its own directory. If you use multi­
ple networks, you will log in to different ser­
vices many times each day. Even worse, net­
work administrators must manage a sea of 

accounts. As applications become more dis­
tributed, locating applications and resources 
becomes almost impossible. 

Solution: General-purpose directory ser­
vices promise to serve multiple applications 
and OSes, give administrators a centralized 
administration tool , and offer end users a 
single place to log in and search for the 
resources they need. To be effective, gen­
eral-purpose directories must be interoper­
able and let us transparently access multi­
ple directories. 

Directory Services / 
Tomorrow 

As applications become more network­
centric, directory services will become a 
central component of evolving network­
centric applications. For example, work­
flow application users may rely on direc­
tories to find the right people to review a 
purchase order in an approval cycle. In 
addition, directories may replace hard­
coded uniform resource locators (URLs)­
which are difficult to manage as they 
change-as the primary mechanism to 
find , access, and manage Java applets 
and ActiveX controls in Internet and in­
tranet applications. 

ti ons more effecti ve ly. Microsoft also 
plans to support multi master replication 
in its directory. 

Also ex pect th e advent of so -called 
meta-directory services, which could 
integrate multiple directories in appli­
cations and OSes. For typical organiza­
tions, beginning the long transition to 
directory-enabled computing won't be 
prac tical until they integrate the direc­
tories they already have and manage them 
in a more hol istic fashion. Meta-direc­
tory products from such companies as 
Zoomit and WorldTalk will let you inte­
grate multiple applicati on-specific and 
NOS-based (network OS) di rectories, and 
manage them as a whole, logica l enter­
prise directory. 

In any case, basic levels of interoper­
ability will be guaranteed because LDAP 
will be the co mmon denominator. The 
emergence of LDAP as the Internet stan­
dard protocol for directory services is a 
watershed event. It will enable interop­
erability between clients and servers, and 
between servers, on the Internet. In addi­
tion, it will be the catalyst for directory 
interoperability between the Internet, 
intranet products based on Internettech­
no logies, and existing NOS-base d and 
application-specific directories used in 
today's organizations. And that's a major 
step forward in directory services, the 
prime technology surprise. m 

Jamie Lewis is president and a principal ana­

lyst ofThe Burton Group, where he specializes 

in NOSes, messaging systems, directory ser­

vices, security systems, and network manage­

ment products. You can contact him on the 

Internet via editors@bix.com. 
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Secure IP fue ls the drive for secure transactions 

and communications over the Internet. By William Stallings 


Internet Armor 

he Interne t 's a scary place. 
With packets w hizzing to ev­
erywhere, from everywhere, 
and through anywhere, who 

knows who might be intercepting mes­
sages, listening in on communications, or 
stealing data? Any business trying to per­
suade the mythical on- line shopper to 
enter his or her Visa number faces an up­
hi ll battle. Even if your company wants 
all workers' e-mail messages to be confi­
dential, how can you guarantee that? Lay 
your own cable from office to scattered 
office? 

Don't fret; secure IP is coming. The In­
ternet Activities Board (!AB), in response 
to the above issues, has included authen­
tication and encryption as necessary secu­
rity features in the next-generation Inter­
net Protocol, called 1Pv6 (see "The New 
and Improved Internet Protocol," Sep­
tember BYTE). Even better, these security 
capabi lities are usable with both the exist­
ing IP and the future !Pv6. This means that 
developers and vendors can begi n writ­
ing applications using these features to­
day. And users can start taking advantage 
of them now, too. 

What's the Problem? 
The latest an nual report from the Com­
puter Emergency Response Team (CERT) 
lists nea rl y 2500 reported security inci­
dents, affecting over 12,000 sites, in 1995. 
The most serious types of attacks report­
ed include IP spoofing (by which intrud­
ers create packets with fake IP addresses 
and exploit applications that use authen­
tication based only on IP) , eavesdropping, 
and packet sniffing (in which attackers 
can direct ly read transmitted informa­
tion, including confidential log-on infor­
mation and database contents). 

In 1994, the JAB issued a report titled 
"Security in the Internet Archi tecture ." 
The report stated that the Internet needs 
more and better security, and it also iden­
tified key areas for security mechanisms. 
Among these were the need to protect a 
network's infrastructu re from unaurho-

Two Choices for Secure Packets 
Transport mode 

Source: 	 Internet: Destination: 

• Encrypts part of 	 • Examines and • Using Security 
Encapsulating Security processes IP header. Parameters Index (SPIJ 
Payload (ESPJ header in ESP header decrypts 

• Routes packets toand all of t ransport­	 transport-level
destination.level segment. 	 segment. 

• Encrypted contents • Prepends IP header. 
can't be seen. 

IP header Other IP headers ESP header Transport-level segment 

Unencrypted 	 Encrypted 

Source: Internet: Firewall: Internal Final 

• Encrypts entire • Examines and • Using SPI in 
network: destination: 

IP packet. processes IP ESP header • Examines and • Decrypts 

• Prepends IP 
header. 

header. 

• Routes packet 

decrypts 
packet. 

processes 
packet. 

transport-level 
segments. 

to firewall. •Resends •Routes 

•Encrypted 
packet can't 

decrypted 
packet. 

to final 
destination. 

be seen. 

IP Other ESP IP Other ESP Transport-level 
header IP headers header header IP headers header segment 

Unencrypted 

Both modes encrypt part of the packet. but tunnel-mode packets 

contain an inner packet that's used to cross an Internet firewall. 

rized monitoring and control of network Clearly, no one wants to rake on the 
traffic, and the need to defend end-user­ task of rebuilding the Internet from the 
to-end-user traffic using authentication ground up as a secure network. The prob­
and encryption mechanisms. lem, then, is ensuring secure rransmis-
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sions over the nonsecure system that's 
already in place. Secure IP is one answer. 

Security at the IP Level 
The Internet community has already 
developed app li cation-specific security 
mechanisms in several application areas, 
including e-mail (e.g., Privacy Enhanced 
Mail and PGP), network management 
(e.g., SNMPv2 security), and Web access 
(e.g. , Secure HTTP and Secure Sockets 
Layer). But users have security concerns 
that cut across protocol layers. For exam­
ple, an enterprise can run a secure, pri­
vate TCP/IP network by disallowing links 
to untrusted sites, encrypting packets that 
leave the premises and authenticating 
packets that arrive. 

By implementing security at the IP lev­
el, an organization can ensure secure net­
working, even for security-ignorant ap­
plications. For example, all corporate 
e-mail can be run among corporate sites 
over secure IP pipes. 

IP-level security encompasses two 
functional areas: authentication and pri­
vacy. Authentication ensures that a re­
ceived packet was in fact transmitted by 
the source identified in the packet head­
er; the packet you just received actua lly 
did come from trusted coll eague X, as it 
purports. In addition, authentication 
ensures that nothing has altered the pack­
et in transit; what you received is indeed 
what was sent. 

Privacy enables communicating nodes 
to encrypt messages to prevent eaves­
dropping by third parties. Even if some­
body intercepted the message, he or she 
wou ldn 't be able to read it. 

Support for these features is optional 
for the current IP but mandatory for !Pv6. 
In both cases, you implement the securi­
ty features as extension headers that fo l­
low the main IP header in a packet. The 
extension header for authentication is the 
Authentication header (see the sample 
above) . The extension header for priva­
cy is the Encapsulating Security Payload 
(ESP) header. 

Developers and vendors who want to 
take advantage of these authentication 
and privacy features must make their ap­
plications aware of these extension head­
ers. When an application encounters such 
a header, it must know what to do with 
the remainder of the packet, wh ich pri­
marily involves decryption and possible 
resending. (More on this later.) 

There's a clear need for AP!s of some 
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sort for an application to invoke securi­
ty. Alternatively, a network manager can 
configure certain app lications-or all 
of them-to use secure IP. In the former 
case, an app lication would need to have 
a feature for invoking security. These con­
figuration and implementation details all 
fall outside the scope of the standard, thus 
providing a golden opportun ity for ven­
dors to exploit this product niche. 

Data Integrity 
The Authentication header provides sup­
port for data integrity and the authentica-

Authentication Header 

16 bits 

Reserved 

Security Parameters Index 

32 bits 


Authentication Data 

!whole number of 32-bit words) 


The authentication header includes 
data that confirms its stated origin. 

tion of IP packets. This header consists of 
the fo llowing fields: 

• Next Header (8 bits): Identifies the type 
of header immediately fo ll owing the 
Authentication header. (As you' ll see, 
this might be an ESP or other type of 
header.) 

• Length (8 bits): The length of the Au­
thentication Data fie ld in 32-bit words. 

• Reserved (16 bits): For future use. 
• Security Parameters Index (32 bits): 

Identifies a security association. 
• Authentication Data (variable) : An inte­

gral number of 32-bit words. 

The Authentication Data field's con­
tents depend on the specific authentica­
tion algorithm chosen and configured by 
the network manager. It can be config­
ured so that secure IP is used for all off­
site TCP/ IP traffic. 

Configuration can be in every host, 
or a firewa ll system can invoke security 
features. These features might involve 
AP!s at some point, but few vendors 
have an nounced products. The network 
manager typically distributes encryption 

keys, so it's unlikely that a third-party 
source would be trusted. 

In any case, the Authentication Data is 
calculated over the entire IP packet, ex­
cluding any fields that might change in 
transit. (Such fields are set to zero for pur­
poses of calculation at the source and the 
destination.) The authentication calcu­
lation happens before fragmentation at 
the source and after reassembly at the 
destination. Hence, fragmentation-relat­
ed fields are included in the calculation. 

There are many ways to use the IP au­
thentication service . For example, you 
can provide authentication directly be­
tween a server and its client workstations. 
Each workstation can be either on the 
same network as the server or on an exter­
nal network. So long as the workstation 
and the server share a protected secret 
key, the authentication process is secure. 

Another application for the service is 
to allow a remote workstation to authen­
ticate itself to a corporate firewall (see the 
figure "Two C hoices for Secure Pack­
ets" on page 127). This can get the work­
station access to the entire internal net­
work. Also, the requested server might 
not support the authentication feature. 

Using the Encapsulating Security Pay­
load provides support for privacy and 
data integrity for IP packets. Depending 
on the user 's requirements, this mecha­
nism can encrypt either a transport-lay­
er segment (e.g., TCP, UDP, and ICMP), 
known as transport-mode ESP, or an en­
tire IP packet, known as tunnel-mode ESP. 
Transport mode supports all applications 
automatica lly and is reasonably efficient, 
making it the most likely choice, except 
for the cases outlined below. 

The ESP header begins with a 32-bit 
Security Parameters Index (SP!), which 
identifies a security association. The re­
mainder of the header, if any, might con­
tain parameters that are dependent on the 
particular encryption algorithm being 
used. In general, the first part of the head­
er, including the SPI and possibly some of 
the parameters, is transmitted in unen­
crypted (i.e., plaintext) form, while the 
remaind er, if any, is transmitted in en­
crypted (i .e., ciphertext) form. 

Transport Mode 
You use transport-mode ESP to encrypt 
the data carried by IP. Typically, this data 
is a transport-layer segment, such as a TCP 
or UDP segment, which in turn contains 
application-level data. For example, you 
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might encrypt confidential e-mail mes­
sages or database data using transport­
mode ESP. For this mode, the ESP head­
er goes into the IP packet immediately 
before the transport-layer header (e.g., 
TCP, UDP, and ICMP) . 

Transport-mode operation works as fo l­
lows. At the source, you encrypt a block 
of data, consisting of a trailing portion of 
the ESP header plus the entire transport­
layer segment. You replace the origina l 
plain text of this block with its cip her­
text to form the IP packet for transmis­
sion (see the figure "Two Choices for Se­
cure Packets"). 

This packet is then routed to the des­
tination as usual. Each intermediate rout­
er needs to examine and process the IP 
header plus any plaintext IP extens ion 
headers, but it doesn't have to examine 
the ciphertext. 

The destination node examines and 
processes the IP header plus any plaintext 
IP extension headers. Then, using the SPI 
in the ESP header, the destination node 
decrypts the rest of the packet to recov­
er the plaintext transport-layer segment. 

Transport-mode operation provides 
privacy for any app lication that uses it, 
thus avoiding the need to implement pri­
vacy in each app li cation. This mode is 
also reasonably efficient, adding little to 
the total length of the IP packet. 

One drawback to this mode is that it's 
possible to do traffic analysis on the trans­
mitted packets. (Basically, if destination 
addresses and source addresses are in the 
clear, an unscrupulous person can build 
up a traffic profile on you or your com­
pany. There are some possible scenar­
ios-lots of e-mail between a company 
and a stock-brokerage house before the 
company goes public, for example-in 
which you might want to prevent out­
siders from knowing the amount of traf­
fic flowing between various endpoints.) 

Tunnel Mode 
Tunnel-mode ESP encrypts an entire IP 
packet (including its own header). For 
this mode, you prefix the ESP to the pack­
et and then encrypt the trailing portion 
of the ESP header p lus the packet. You 
prefix the IP header (and any other head­
ers) to the ESP header. You can use this 
method to counter traffic analysis. 

Why all this rigmarole? Because the 
original IP header contains the destina­
tion address (and possibly source-rout­
ing directives and hop-by-hop option 

information), it's impossible to simply 
transmit the encrypted IP packet prefixed 
by the ESP header alone . Intermediate 
routes would be unable to process such 
a packet. Thus, it's necessary to encap­
sulate the entire block (ESP header plus 
encrypted IP packet) with a new IP head­
er that contains sufficient information for 
routing but not for traffic analysis. 

Whereas transport mode is suitable for 
protecting connections between hosts 
that support the ESP feature, tunnel mode 
is useful in a configuration that includes 
a firewall or other security gateway that 
protects a trusted network from external 

Why You Need 

Secure IP 


•To send confidential e-mail 

• For protection from IP spoofing 

•To secure transactions over the Internet 

• For remote access to corporate 
databases over the Internet 

•To avoid traffic analysis 

networks. In such a case, encryption oc­
curs on ly between an external host and 
the security gateway or between two se­
curity gateways. This relieves hosts on the 
internal network of the burden of encryp­
tion and also simplifies the key-distribu­
tion task by reducing the number of need­
ed keys. Further, it thwarts traffic analysis 
based on ultimate destination. 

You can use tunnel-mode operation to 
set up a virtual private network. Here, an 
organization has two internal private net­
works that interconnect across the Inter­
net. Hosts on the internal networks use 
the Internet for data transport but don't 
interact with other Internet-based hosts. 
By terminating the "tunnels" at the fire­
wall or security gateway to each internal 
network, the configuration allows the 
hosts to avoid implementing the securi­
ty capability. 

Consider a case in which an external 
host wishes to communicate with a host 
on an internal network protected by a 
firewall and in which the external host 
and the firewalls implement ESP. The fol­
lowing steps must occur for transfer of a 
transport-layer segment from the exter­
nal host to the internal host. 

First, the source prepares an inner IP 
packet with a destination address within 
the target internal host. An ESP header 

Circle 184 on Inquiry Card (RESELLERS: 185). 
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prefixes this packet. Then the packet and 
a portion of the ESP header are encrypted. 
The resulting ciphertext block is prefixed 
with a new IP header (consisting ofa base 
header plus optional extensions, such as 
routing and hop-by-hop options) whose 
destination address is the firewall; this 
forms the outer IP packet (see the figure 
"Two Choices for Secure Packets"). 

Next, the outer packet is routed to 
the destination firewall. Each intermedi­
ate router needs to examine and process 
the outer IP header plus any outer IP ex­
tension headers, but it doesn't need to ex­
amine the ciphertext. 

Third, the destination firewall exam­
ines and processes the ou ter IP header 
plus any outer IP extension headers. Then, 
using the SP! in the ESP header, the des­
tination node decrypts the remainder of 
the packet to recover the plaintext inner 
IP packet. It th en retransmits this packet 
on the interna l network. Finally, the in­
ner packet may or may not pass through 
a rou ter as it travels by way of the inter­
nal network to the ultimate destination 
host. 

All implementations that are said to 

conform with the ESP specification must 
implement the Data Encryption Stan­
dard-Cipher Block Chaining (DES-CBC) 
method of encryption. In this method, 
the data to be encrypted-plaintext-is 
processed as a sequence of 64-bit blocks. 
The input to th e encryption algorithm is 
the XOR of the current plaintext block 
and the preceding ciphertext block; the 
same key is used for each block. In effect, 
this chains together the processing of the 
sequence of plain text blocks. 

The input to the encryption function 
for each plaintext block bears no fixed 
relationship to the plaintext block. Thus, 
repeating patterns of 64 bits are not ex­
posed. To produce the first block of ci­
phertext, an initia lization vector (JV) is 
XORed with the first block of plaintext. 
On decryption, the IV is XORed with the 
output of the decryption algorithm to re­
cover the first block of plaintext. 

Security and Privacy 
You can combine the IP security mech­
anisms to transmit an IP packet that has 
both privacy and authentication. There 
are two ways to do this, based on the order 
in which you apply the two services. 

The top portion of the figure "Privacy 
Plus Authentication" on page 134 illus­
trates the use of encryption before au-

Circle 137 on Inquiry Card. 
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Internet Armor 

thenricati on. In this approach, the user 
first applies ESPto the data to be protect­
ed and th en p repends th e authenti c;a ­
tion header and the plaintext IP header(s). 
In this case, the entire transmitted IP pack­
et is authenticated, including encrypted 
and unencrypted parts. 

As mentioned earlie r, there are actual­
ly two types of au thenticati on: 

Transport-mode ESP: Authenticati on 
applies to the enti re IP packet delivered 
to the ultimate destination, but only the 
transport-layer segment is p rotected by 
the p rivacy mechanism (i. e., encrypted) . 

Tunnel-mode ESP: Auth e ntica ti o n 
applies to the entire IP packet delivered 
to the outer IP destination add ress (e.g., 
a fir ewall) , and authenti ca ti o n is per­
form ed at that destination. But an entire 
inner IP packet, rather than just a trans­
port-layer segment, is protected by the 
privacy mechanism for delivery to the in ­
ner IP destinati on. 

The bottom part of the fi gure "Priva­
cy Plus Auth enti catio n" ill ust ra tes th e 
use of authentication befo re encryption. 
In this app roac h, whi ch is appropriate 
onl y fo r tunnel-mode ESP, the authenti ­
cation header is inside the inner IP pack­
et. This inner packet is authenticated and 
pro tected by the privacy mechanism. 

Thus, you can apply th e fun ctions of 
authentication and encryption in either 
order for tunnel-mode ES P. The use of 
authentication before encryption might 
be preferabl e for severa l reasons. First, 
since the Authenticati o n header is pro­
tected by ES P, it's impossible for anyone 
to interce pt th e message and alter thi s 
header without detection. 

Second, it may be desirable to store the 
authentication infor mation with the mes­
sage and the destinatio n fo r later refer­
ence . It's more co nve ni ent to do this if 
th e authenticatio n in fo rmatio n appli es 
to the unencrypted message; otherwise, 
the message must be reencrypted to ver ­
ify the authenticat ion information. 

Whither IP Security? 
The driving force behind th e acceptance 
and deployment o f secure IP is the need 

WHERE TO FIND 

RSA Data TimeStep Corp. 

Security, Inc. Kanata, Ontario, 

Redwood City, CA Canada 

(415) 595-8782 (613) 599-3610 
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IP header ESP header IP header Authentication Transport-level segment ESP 
header or IP packet trailer 

Privacy Plus Authentication 
Encryption before authentication (authenticates entire packet) 
•Faster 
• Supports both tunnel mode and transport mode 0 Encrypt 

IP header Authentication header ESP header Transport-level segment ESP trailer 
or IP packet 

@ Authenticate 

Authentication before encryption (encrypts authentication) 
• No one can aHer authentication 
• Can store authentication for later reference (without reencrypting) 

0 Authenticate 

@ Encrypt enclosed IP packet 

@) Encrypt entire payload 

You can encrypt and authenticate in either order; encrypting 

last protects authentication information. 

to connect pri va te WAN/ LAN in fras truc­
tures to the Internet fo r access to Inter­
net se rvices and to use th e Internet as a 
compo nent o f the WAN transpo rt sys ­
tem. Use rs need to isolate their networks 
and, at the same time, send and receive 
tra ffi c ove r the Internet. The authenti ­
catio n and privacy mechanisms o f secure 
IP provide the basis for a sound securi ty 
strategy. 

Because the definiti on of these IP secu ­
ri ty mechanisms is independent o f their 
use with either the current IP or IPv6, their 
deployment does not depend on the de­
ployment o f !Pv6. Indeed, we are likely 
to see widespread use of secure IP features 
long befo re 1Pv6 becomes popular. 

One practical issue hindering the de­
ployment of secure IP is the export restric­
tio ns im posed by the U.S. and some oth­
e r coun t ri es. T hese res tri cti ons do no t 
affect the IP authenticatio n mechanism, 
because it onl y prov ides authenticatio n 
and integri ty; it does not provi de message 
encry p tio n. But th e ES P mec hani sm is 
most definitely subj ec t to such limita ­
tions. T he IAB rece ntl y issued a "State­
ment of Cryptographic Technology and 
the Intern et," urging the removal of such 

restricti ons, thus add ing its voice to that 
of many o th er gro ups and indi vidua ls 
seeking this relief. 

One recentl y a nn o unced p roduct is 
Secure WAN (S/WAN), codevelo ped by 
RSA Data Security and TimeStep. S/WAN 
operates at the IP level and incorpo rates 
the !AB-secure IP standards. Its intent is 
to enable corporate customers to secure 
connectio ns between their private net­
works and the Internet . 

We can expect to see many IP-level se ­
curity p roducts announced throughout 
1997. Because o f th e export-restriction 
problem, it's likely that authenticati on 
mechanisms will be mo re widely mar­
keted and deployed. N evertheless, both 
authentication and p rivacy at the IP lev­
el seem destined to proliferate over the 
next severa l years, making the Inte rnet a 
less scary place. rn 

William Stallings is a consultant, lecturer, and 

author ofnumerous books on data commu­

nications and computer topics. This article is 

based on material from his just-published book, 

Data and Computer Communications (Pren­

tice-Hall, 1996). You can reach him at ws@ 

shore.net orat http://www.shore.net/-ws. 
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IMAP promises better message management-(or those 
who can cope with its complexity. By Dave Kosiur 

E-Mail Grows Up 

ang around an airport long 
enough, and you will see an 
ironic sight: M obile workers 
frozen in their tracks, stand­

ing at the pay phones. After o riginall y 
planning to pause just long eno ugh to 
grab an important e-mail message, they 
now have one eye on a notebook screen 
and one eye on the clock as a behemoth 
message attachment crawls over the tele­
phone line. Onl y a fin al boarding ca ll can 
get these warriors moving again . 

Part of th e problem is POP, th e Post 
Office Pro toco l that we've relied on for 
many years to retri eve e-mail messages. 
It's simple and pervasive, and before e­
mail became ubiquitous, it was efficient. 
But people who communicate via TCP/ IP 
networks-most notabl y the lnternet­
now need a protocol that o ffers more. 

For example, if you have 20 inbox mes­
sages, you want to be able to choose mes­
sages to downl oad. When you're on the 
road , yo u may not want all of them. If 
a message co mes with a 2-M B grap hic­
file attachment, you want the option of 
downloading th e sho rt text message and 
keeping the attachment on the mail serv­
er until you' re back in the o ffice. POP just 
can' t deliver these capabilities. 

But the Internet M essage Access Pro­
tocol (IMAP}can. This newer protocol o f­
fers selecti ve retrieval o f messages and 
message parts from a server, server-based 
message processing, and shared mail­
boxes. Thi s last feature can make IMAP 
the foundation for simple groupware ap­
plications (see the fi gure above). 

Un fo rtun ately, there's a catch. IMAP 
makes th e process o f laun ching e-mail 
applicati ons more complex, and its re­
source requirements can strain your mail 
server. In time, IMAP might help you com­
municate more effici ently. But befo re it 
enters your world, you must lea rn how 
to cope with its demands. 

POP vs. IMAP 
Both POP and IMAP defin e meth ods for 
e-mail cli ents to retri eve messages from 

Simple Groupware 

EJ Refer documents to 
user outside of ..... group 

--J 

Retrieve documents Send modified or commented 
from group mailbox documents to group mailbox 

I --1 


IMAP lets you set up group mailboxes to provide the basis 

for groupware applications on the Internet. 

a server. They both also depend on a third 
protoco l, SMTP, fo r sending mail. (The 
Internet Enginee ring Task Force [I ETF] 
guided th e definiti on of all three.) In cli­
ent /server terms, you use POP and IMAP 
to design clients, while SMTP works for 
message transfers between client and serv­
er (as we ll as between servers). 

O ne difference between POP and IMAP 
is the way that each lets client programs 
retrieve messages. With POP, your mes­
sages reside on a message store (usually 
a server) , and all pending messages are 
transferred fr om th e message sto re to 
yo ur local system when you connect the 
two. Once you downl oad a message, you 
ca n read , delete, o r p rocess it without 
any furth er interaction with th e server. 
In fact, with this o ff-lin e mode, the serv­
er has no furth er knowledge of the state 
of the messages delivered to the POPclient. 

IMAP, on the other hand, lets you que­
ry a message store fo r pending messages 

in a multistep process. Fi rst, you can re­
quest only the message headers in a giv­
en mailbox on the serve r. You can then 
retrieve entire messages or message parts, 
leaving the remaining messages and parts 
in the server mailbox. M essage deletion 
on the message store is a separate action, 
so copies of messages that you download 
remain on the server until you manuall y 
delete them. This is helpful for archi v­
ing o r sharing messages. 

IMAP cli ents can operate in either on­
line or disconnected mode (see the figure 
"Three Access Modes" on page 136). In 
on-line mode, you manipulate your mail , 
but it all remains on the server. In dis­
connected mode, some of the mail is lo­
cated on the server, and some is on the 
local client. 

In di sconnected mode, the state of 
messages on your local system and those 
on the server will likely be different when 
you reconnect later; so me type of syn-
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chronization must take place. IMAP as­
signs each message in a mailbox with a 
unique identifier. Unlike message-se­
quence numbers, as used in POP, these 
unique identifiers persist across sessions, 
making it easier for you to synchronize 
messages from a previous session with 
the message store. But the details of this 
synchronization process have not been 
fully spelled out in the IMAP4 protocol 
specs; they're still being worked on. 

IMAP and MIME 
Ifyou're using POP, you have little choice 
but to accept an entire message if it's for­
matted in Multipurpose Internet Mail 
Extensions (MIME). This system identi­
fies the data format in the body of a mes­
sage and re lays the information to the 
mail-client software, which automatical­
ly decides what to do with it. 

In addition, MIME allows single e-mail 
messages to include multiple compo­
nents, or attachments. Each piece can be 
a different data type (e.g., text, image, 
and audio) and subtype. The disadvan­
tage, however, comes when you're on the 
road with a slow-speed connection and 
someone sends you a 2-MB movie file that 
you don't want to handle until you get 
back to the office . POP still downloads 
the file to your laptop; you have no oth­
er choice. 

On the other hand, IMAP integrates 

Feature POP IMAP 

Off-line mail processing 

On-line mail processing 

Server-based searches 

Shared mailboxes 

SMTP transport 

Persistent message IDs 

Simple to implement 

Manipulate message­
status flags 

Custom message flags 

Multiple mailboxes on server 

Archive messages on server 

Selective retrieval of 
message attachments 

Access to processed 
mail on server 

Minimum use of 
connect time 

Minimum use of 
server resources 

well with MIME. You can use your IMAP 
client to check the sizes and types of each 
MIME attachment before downloading 
so that you can, say, copy the text of a 
message to your laptop but leave the at­
tached 2-MB multimedia presentation 
on the server until you're ready to down­
load the file . 

Simple Groupware 
Because JMAP's message store provides 
for the sharing of messages, you can de­
fine shared folders with specific access 
rights for other users. This simple bul­
letin-board service, coupled with the abil­
ity to include Netnews articl es in shared 
folders, lets you easily tie together infor­
mation for workgroups. With POP, you 
can't share mailboxes or messages; if you 
want someone else to see a message that 
you have received, you must ei ther "cc" 
them or manually forward the message. 

IMAP's shared mailboxes are nothing 
more than a server-based mailbox file 
tliat multiple people can access. The IMAP 
server manages shared access to the mail­
boxes and messages. A workgroup can 
share a mailbox with minutes of its meet­
ings, for example, or help-desk workers 
can access and process messages from the 
same mailbox. Looking down the road, 
shared mailboxes could easily form the 
foundation for message-based group­
ware via the Internet, particularly if you 
factor in server-based processing of IMAP 
mail and consider that messages might 
include Java applets. 

IMAP also supports server-based mes­
sage processing. You can, for example, 
search for a message without download­
ing all the messages from the server first. 

IMAP Complexity 
Unfortunately, IMAP's flexibility presents 
developers with several challenges. An 
IMAP-enabled application must support 
MIME and IMAP queries, as well as the 
bookkeeping of mail parts (since you 
might only request part of a message 
one time and another part the next). 

You need to synchronize with the serv­
er, get an address book from it, and use 
SMTP for transport. You also need to get 
IMAP to refile or archive messages on the 
server. POP is simpler because once you 
retrieve a message, the server's job is done. 

POP is popular because its simplicity 
makes it easy for developers to write both 
server and client software. There are lots 
of POP client packages availab le from 

Three Access Modes 

-
On-line access 

.. 

I 4 r 
Mail remains on the server and is 
manipulated by the client. 

Disconnected access 

1:J!11~ 

cached o::~is~ 
client. 

IMAP's access modes help manage 

messages on the client and mail server. 

a variety of companies, such as C laris, 
CommTouch , Frontier Technologies, 
FTP Software, Intercon, NetManage, and 
QualComm. These POP client packages 
are designed for a variety of platforms, 
including Unix, DOS, Windows, and the 
Macintosh. 

Because of IMAP's complexity, com­
mercial implementations have been slow 
in coming. But that's changing. Netscape 
plans to incorporate IMAP into its next 
generation of mail servers, which are due 
out this year. In addition, SunSoft offers 
an IMAP server and client. ICL's Embla is 
an IMAP client, and !CL/Team Ware offers 
the Internet Messaging Server, which 
supports both POP and IMAP. Others on 
the IMAP bandwagon include Control 
Data's Mail*Hub server, NetManage's 
Z-Mail Pro, and the upcoming messag­
ing server from Software.com. 

Which to Choose? 
IMAP puts new demands on e-mail serv­
ers. Ifyou're concerned about server disk 
resources, POP has the advantage over 
IMAP. Since you are downloading mes­
sages to the client machine with POP, there 
is no need to consign the server's disk ca­
pacity to storing old messages. 

Because IMAP servers hold messages, 
storage might be strained if past messages 
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aren't routinely deleted. Still, servers usu­
ally have more periodic and robust back­
up procedures; this guards against lost 
mail should the client machine crash. 
Plus, because IMAP offers more flexibil­
ity in picking which messages to copy to 
the client computer, sessions can be long 
while users look over their mail messages. 

Even with its advantages over POP, 
IMAP alone isn't a complete messaging 
system for fixed and mobile users alike. 
Other protocols must provide universal 
access options and address-book infor­
mation. After all, it wouldn't be conve­

nient if you could leave your messages on 
a server for access from different client 
machines but still had to duplicate your 
preferences, address books, and news sub­
scription lists for each client. 

The Internet Message Support Proto­
col (IMSP), which is used in conjunction 
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with IMAP, can perform these functions 
for you. A newer and potentially better 
alternative is the Application Configura­
tion Access Protocol (ACAP). This pro­
tocol not only helps you create and store 
user options and address-book informa­
tion, it also generalizes this procedure to 
handle other user-related items that might 
be shared, such as spelling checkers. 

Thus, ACAP can support not only IMAP 
messaging systems but other applica­
tions, such as Web browsers. Further­
more, ACAP is flexible for users and appli­
cations alike: It allows clients to define 
data fields for the stored information. 

ACAP doesn't compete with directo­
ry-services protocols, such as the Light­
weight Directory Access Protocol (LDAP). 
Rather, they complement each other. Di­
rectories, such as those supported by 
LDAP, are designed to provide authori­
tative, enterprise-wide data about users 
and "top-down" definitions of groups of 
users, much like the phone book provid­
ed by your telephone company, corpora­
tion, or university does. 

On the other hand, address books con­
tain the user's view of, and the organiza­
tion of, address information. This is more 
of a "bottom-up" approach, such as what 
you'd use in your "black book." ACAP lets 
you define address books, and it sup­
ports the sharing of user-defined address 
books. ACAP specs are circulating through 
the IETF community in draft form, but 
it might be a year or two before we see 
large-scale use of the protocol. 

Is IMAP for You? 
IMAP has a lot going for it, especially if 
you're interested in supporting mobile 
clients and taking better advantage of 
MIME-compliant e-mail. Because it's rel­
atively new and is more difficult to imple­
ment, there aren't as many commercial 
vendors of servers and clients as there are 
for POP. But that should change consid­
erably over the next year. 

If you're installing an IMAP-based e­
mail system, pay attention to its integra­
tion with directory standards, such as 
LDAP, and check the progress of ACAP, 
so users will get a fully functional messag­
ing system. Your mobile workers may 
catch more airplane flights with the mes­
sages they need in hand. llJ 

Dave Kosiur is a networking consultant and 

freelance writer based in Reston, Virginia. You 

can reach him at drkosiur@ix.netcom.com. 
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Conferencing 

Jon Udell 

News-style conferencing 
has its advantages, and so 
does Web con(erencing. 
Why not have both? 

n a pair of columns last May 
and June I explored two 
approaches to text confer­
encing on the Internet. The 

news approach relies on the same Net­
work News Transfer Protocol (NNTP) 
servers and clients that support public dis­
cussion on the Usenet. The Web approach 
uses Hypertext Transfer Protocol (HTTP) 
servers running applications that play in 
standard browsers. I like aspects of both 
so much that I've combined them into a 
single hybrid system (see screen at right). 

I use both halves of this system myself 
because, while I prefer the news method, 
there's no NNTP gateway on our corpo­
rate firewall. So I use a newsreader from 
my home office and a Web browser while 
at work. Users, too, initially preferred 
their newsreaders, but I've noticed 
increasing traffic on the Web side of the 
system as I've beefed up its capabilities. 
The point is that with a choice of clients, 
a dual-mode conferencing system can 
appeal to a wider audience than a purely 
news-based or Web-based system can. 

Key Components 
BYTE's dual-mode conferencing system 
consists of four essential elements: 

• Internet News Daemon (INND)­
This foundation component controls the 
primary message database. Newsreaders 
talk directly to this database. Web 
browsers talk indirectly to this database 

g 	 by way of several Common Gateway 
Interface (CG!} applications. (I 'm using 
TNND 1.4, which comes with Caldera's 
Linux.) As I wrote last May, INND is a 
scary and complex beast, but if you focus 
on conferences that live only on your own 
site, you can ignore the thorny problem 
of replication with other news servers. 
Because this site-specific mode limits 

"' 

Dual-Mode 


-,

Software 

BYTE co ·ence higl::''~ts (Click N for news view, W for Web view) 

• li W Where do PC drive letters come from? 
• li W HTii:IL verifiers: should you care? 
• li W DejaNews incident underscores need for digital IDs 
• li W CyrixJNT 4.0 update I 
• li W Cyberdog 
• li W NT Workstation -> Server conversion 
• li W Is shrinkwrap software dead? 

Because individual tastes and technologies determine conferencing 

preferences, dual-mode conferencing will appeal to a wider audience. 

your feed to local postings, you may also 
be able to ignore the often-vexing pro­
cess of message expiration (I do). These 
two simplifications make INND far more 
manageable than is normally the case. 

• MHonArc- Earl Hood's Perl appli­
cation transforms collections of RFC 
822 messages into navigable Hypertext 
Markup Language (HTML} archives. It's 
typically used to make listserv archives 
visible on the Web, but since mail and 
news messages share the same RFC 822 
headers, MHonArc also works on INND 
message databases. It creates index pages 
in a variety of formats, including the one 
I prefer: messages organized by conver­
sational thread, with newest threads first. 
Because MHonArc can add or remove 
individual messages, and reprocess the 
index page accordingly, incremental 
updates to an MHonArc-generated 
archive are inexpensive. You can down­
load MHonArc at http: //www.oac 

.uci.edu/indiv/ehood/mhonarc.html. 
• inews-This command-line tool 

comes with INND. Here's one way to post 
a message to a news server with inews: 

cat> /usr/lib/ news/bin/inews 
News group s : tes t 

Thi s is a t est. 

And here's how to reply to that mes­
sage using inews: 

ca t > /us r/l i b/ news/ bi n/ i news 
Newsgroup s : test 
Refe ren ces : 012 abc@ho st.com 
Thi s i s a t es t . 

The Re fe rences: line in the header of 
the reply contains the message ID of the 
original message. How can you discover 
that? Here's one way: In the Netscape 
newsreader, do View-> Headers->All. If 
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Web Project Dual-Mode Conferencing 

Frame Games 


Iprototyped a frame-enabled 

version of the BYTE on-line 

archive a while back, then 

shelved the project. Why? Most­

ly because the complexity of the 

four-pane system I envisioned, 

with links cascading across two 

levels of index pages, was daunt­

ing. The Web half of our dual­

mode conferencing system pre­

sented asimplerchallenge. Here 

the model was the classic two­

pane arrangement you see in the 

Windows 95 Explorer and count­

less other applications : index 

pane on the left, linked to docu­

ment pane on the right. 

For the first naive implemen­

tation I tweaked my MHonArc 

postprocessor to crank out an 

extra version of the index page. 

Then I wrote a frameset page to 

define the layout and contents of 

the index and document panes. 

I placed a link to this frameset 

page on the main index page that 

said : "Frame view:' 

Qualified Success 
This scheme worked ; that is, it 

produced a two-pane browser 

whose index-pane links called 

the appropriate files into the doc­

ument pane. But there were two 

problems with this . First, you 

missed the option to turn on 

frames if you jumped directly to 

a message, bypassing the index 

page. Second, if you clicked on 

nonlocal Web links in the docu­

ment page (for example , the 

BYTE Site's home icon), the sys­

tem would recurse. You could 

even create a "hall of mirrors " 

effect by successively launching 

two-pane browsers in an ever­

diminishing series of document 

panes (see the screen at right) . 

The solutions to both prob­

lems are related. To solve the first, 

I tweaked the postprocessor to 

add FrameOn and FrameOff 

links to the tool bar on every mes­

sage page. The FrameOn link 

should, obviously, point to the 

same frameset page already 

pointed to from the main index 

page. But how to code the 

FrameOff llink? Here's the solu­

tion : <a href=" t l1re ads . ht ml " 

ta rg e t= "_ top ">. FrameOff's 

Action, in other words, is to fetch 

the main index page and display 

it in the browser's top-level win­

dow. The same trick worked for 

the row of BYTE Site icons at the 

top of every message page. 

More Problems 
Having killed two birds with one 

stone, I spotted two more on 

the horizon. First, the FrameOn 

transition didn't preserve con­

text. If you clicked it from mes­

sage 57, you'd end up in frame 

view with message 0 in the doc­

ument pane. The reverse Frame­

Off transition did preserve con­

text because the postprocessor 

could generate unique-per-mes­

sage links to match correspond­

ing targets on the index page. 

But every FrameOn link pointed 

to the same frameset page, so 

they all reset your context to mes­

sageO. 

The second problem was that 

the "_top" trick wasn't right for 

the Index link in frame view. Its 

effect in that case was the same 

as FrameOff-harmless , per­

haps, but confusing. 

The solutions to both these 

problems are, once again, relat­

ed. Both solutions involve a strat­ link makes no sense. But since 

egy I'll call overgeneration. In the the framed and frameless modes 

first case, the problem was that shared the same set ofmessage 

the single frameset page could pages, I was stuck. 
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When using HTML frames, incorrectly coded links 

result in this dreaded "hall of mirrors" effect. 

not handle multiple contexts. 

Well, who said there could be 

onlyoneframeset page? Anoth­

er postprocessor tweak yielded 

one frameset page per message. 

The one for message 57, for 

example, sets the title of mes­

sage 57 at the top of the index 

page and loads message 57 into 

the document pane. Then I 

tweaked the postprocessor to 

point each FrameOn link at the 

appropriate frameset page. 

Voila! Now FrameOn was quick­

ly transformed into a context-pre­

serving action. 

Overgeneration 

to the Rescue 
Solving th e second problem 

involved another kind of over­

generation. The reason there 

was no right way to code the 

lndexlinkforframeviewwasthat 

it didn't belong there at all. In 

frame view the index is by defin­

ition always visible, so an Index 

Well, who said there could be 

only one set of message pages? 

Yet another postprocessortweak 

doubled the set. This move 

enabled me to drop the unnec­

essary FrameOn link from frame 

view and vice versa. And most 

intriguingly, it allowed me to aim 

the Next and Prev links-in frame 

view-at the context-specific 

frameset pages I'd already gen­

erated to smooth the FrameOn 

transition. If you go to one of the 

BYTE Site conferences, click an 

index-pane title in frame view and 

the document pane reacts. That's 

the expected behavior with 

frames. Now click Next in the doc­

ument pane. It reacts , as you'd 

expect, and so does the index 

pane! This two-way linkage is an 

effect I always prize, but seldom 

encounter, in multipane informa­

tion displays. I didn't think it was 

possible to achieve this effect 

with HTML frames but, if you 're 

willing to overgenerate, it is. 

you type the message ID correctly when 
you post the reply with inews, newsread­
ers will display it indented below the orig­
inal, and so will MHo nArc ' s threaded 
index page. 

•CG! scripts-The final component, 
and the only one I had to build myself, is 
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a set of Perl scripts that extend MHonArc. 
The most important new fe ature th ey 
add is the ability to post and reply. The Web 
archive that MHonArc builds is read-only. 
My script adds Post and Reply links to each 
archive page. In the case of Reply, other 
scripts fetch the original message from the 

INND database, present it in a Web form, 
and transmit annotations back to INND by 
way of inews. I also added a frame view 
of the archive (see the sidebar " Fram e 
Games" above). 

MHonArc is fre ely available Perl code 
that anyone can modify, and that 's just 
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Web Project Dual -Mode Conferencing 

what I planned to do at first. After a few 
false starts and a bit of reflection, I decid­
ed to take another tack. From one point of 
view, MHonArc is a moderately complex 
Perl program. Mastering it well enough to 
extend it is challenging; carrying those 
extensions forward to new versions of 
MHonArc would be equally chall enging. 

But wait! From another point of view, 
MHonArc is just a black box that consumes 
one set of well-structured text files and 
produces a different set of equa lly well­
structured files. All I really had to do was 
run MHonArc on a set of news messages 
to create one kind of HTML archive, then 
filter that to create a new one. This reduced 
the problem to the sort of pattern-match­
ing exercise at which Perl excels. 

Hypertext Authoring 
Anyone who participates in a news- or 
Web-based conference can be a hypertext 
author. You're probably familiar with 
automatic activation of Web URLs-type 
the string "http://www.byte.com/" in a 
message and, when it's posted, that string 
will become a link. 

You can also create links to other con­
ference messages. Unfortunately, the pro­
cedure isn't nearly so familiar, convenient, 
or standard. 

Let's say you want to construct a refer­
ence to a message in another conference. 
On the news side, in Netscape, you can do 
this: Go to the target message, reveal its ID 
with View-> Headers-> All, then right­
click the message ID and capture it as a URL 
by selecting Copy Link Location. Now, 
when composing a new message or a reply, 
you can paste in the URL to create a link 
to your target message. 

Phew! Why is this so hard? Because on 
the Usenet, nonlocal references to mes­
sages are hardly worth the trouble. Odds 
are that a message wi ll have expired by the 

TOOL WATCH 

GIF89a plug-in 
for Adobe Illustrator 1 • ,. 

Adobe 
http://www.adobe.com/prodindex 
/illustrator/main.html#gif 

BYTE's New Media production ace Joy-Lyn 
Blake now spends far less time retouching 
text when she makes illustrations We.b­
ready. The antialiasing in this free GIF 
exporter really works. 

1•1 .. 

Best of Both Worlds 

News-Style Conferencing 
• Offers a rich, responsive interface 
• Presents multiple sorted views 
• Tracks unread messages 
• Provides replication for off-line reading 

Web-Style Conferencing 
• More intuitive for Usenet novices 
• Crosses firewalls 
• Lets you brand conferences with a 

distinctive look 

time someone tries to follow a link to it. 
When you create stand-alone NNTP con­
ferences like ours, though, there's a real 
incentive to layer and interweave the dis­
cussion using message URLs. Some BYTE 
conference participants are doing this now, 
despite the awkwardness of the procedure. 
As site-specific conferencing gains 
momentum, I hope the newsreaders will 
streamline that procedure. 

On the Web side, it's reasonably straight­
forward to construct a message URL. Just 
go to that document, copy its URL, then 
paste it into a new message or reply. In a sys­
tem like ours that stores messages as HTML 
files, the URL will simply name the file. In a 
system that keeps messages in a database, 
the URL will be a long string of CG! gob­
bledygook. Either way, automatic URL acti­
vation (if available) should yield an appro­
priately behaved link. 

Message Pointers 
Have you spotted what's wrong with this 
picture? Let's say you're reading a dual­
mode conference using a newsreader. A 
message contains a news-style message 
URL constructed by another participant 
who is using a newsreader. You click it, and 
view the message in your newsreader. 
Now suppose that message contains a 
Web-style message URL. Click that link and 
you' ll find yourself viewing the next mes­
sage in your Web browser. This unpleas­
ant contextual shift-which doesn 't occur 
in the reverse case, by the way, since Web 
browsers can usually handle news:// and 
http:// URLs natively-leads to the notion 
of dual-mode message pointers. Why not 
have it both ways? 

I've explored two versions of this idea. 
When I feature conference messages on 
our home page, I tuck the news URL 
behind a clickable letter N and the Web 
URL behind a clickable W. When the site 
e-mai ls conference updates to registered 

users, the summary of new messages 
includes both flavors of URL so that you 
can click through and see complete mes­
sages in the environment you prefer (if 
your mailer supports automatic URL 
recognition). 

The next logical step would be to post­
process both message databases and dou­
ble up the message pointers. But I haven't 
taken that step yet, and I'm not sure I want 
to. It's doable, I'm sure (everything is), but 
it's more work than I want to invest in a 
system whose useful lifetime I guess might 
be six to 12 months. By then I expect the 
convergence of newsreaders and Web 
browsers will erode or eliminate the 
advantages that dual-mode conferencing 
offers today. 

In the meantime, those advantages are 
real. Conferencing is a powerful and sti ll 
largely underexploited tool. News-style 
conferencing appeals to many Usenet-lit-

The Complete Guide 
to Apple's Internet 
Productivity 
Technology 
by Jesse Feiler 
($34.95) 

AP Professional 
http://www.appnet.com/ 

What users and developers need to know 
about Apple's slick Open Doc-based 
Internet component framework. 

erate fo lks and offers a variety of fea­
tures-a rich, responsive user interface; 
multiple sorted views; unread message 
tracking; replication for off-line use-that 
you can't get easily (if at all) today in the 
Web realm. Web conferencing, mean­
while, appeals strongly to many in the Web 
generation who are not Usenet-literate. 
It's also handier when you need to con­
ference across firewalls and when you 
want to brand your conferences with a dis­
tinctive look. 

If you want to give dual-mode confer­
encing a try, and if you 're willing to deploy 
INND, inews, and MHonArc as I've 
described, then you should check out my 
scripts at http://www.byte.com/art/down­
load/dualmode.zip. Enjoy! llJ 

Jon Udell (judell@bix.com) is BYTE's execu­

tive editor for new media. 

144 BYTE DECEMBER 1996 

mailto:judell@bix.com
http://www.byte.com/art/down
http:http://www.appnet.com
http://www.adobe.com/prodindex
http:http://www.byte.com


Graphics PCs 

With dual Pentium Pros, accelerators, and NT, these machines 
make fast 3-D graphics cheaper than ever. By Robert L. Hummel 

Affordable 3-D Workstations 

rofessional-quality real-time 
3-D imaging has traditionally 
been the province of high­
cost workstations with pow­

erful graphics subsystems. Until recent­
ly, these Unix-based systems, costing 
$20,000 and up from companies like Dig­
ital, HP, IBM, and Silicon Graphics (SGl), 
have been the on ly feasible option for 
serious 3-D graphics design. RISC-based 
SGT workstations, for example, produced 
the awe-inspiring scenes in the movie 
Jurassic Park. 

Demand for these increasingly pow­
erful systems has remained high, but price 
has kept them out of reach for many pro­
fessionals engaged in research, engineer­
ing, design, architecture, or animation. 
Within the last two years, however, a few 
workstation vendors, particularly Inter­
graph, have developed cost-effective and 
powerful 3- D graphics systems built 
around the latest Intel CPUs and running 
Microsoft Windows NT. 

Another thing that's making gee-whiz 
imaging more affordable are fast, rela­
tively low-cost graphics accelerator chips 
that encapsu late the 3-D functions 
required to implement the OpenGL 3-D 
AP!. Several vendors now ship PC! graph­
ics cards based on 3Dlabs' Glint chips, for 
example. And Intergraph has transferred 
some of its proprietary graphics tech­
nology into its lower-cost Intense 3-D 
OpenGL card. Priced at around $2000, 
these new cards are not yet commodity 
items. But graphics workstations built 
around these cards, coupled with NT, 
bring economies of scale to both 3-D 
hardware and software. 

We just finished testing four systems 
that represent the coming wave of afford­
able Imel-based 3-D graphics: Hewlett­
Packard's Vectra XW, Intergraph Com­
puter 's TD-410, Tri-Star 's StarStation 
SMP, and Netpower's Symetra. Because 
of their Intel chip sets, these Pentium 

***Good***** Outstanding ****Very Good 

Pro systems are remarkably similar. We 
requ ested comparable configurations: 
128 MB of memory, dual 200-MHz Pen­
tium Pro CPUs, a 4-GB SCSI hard drive, 
Fast Ethernet, a 17-inch display, and a 3­
D graphics card with 16 MB of memory. 
The systems came with NT 3.51 because 
NT 4.0 drivers weren't avai lable for the 
graphics cards at review time . 

The differences we measured in 3-D 
graph ics performance were due chiefly 
to the systems' graphics cards. The per-

TECHNOLOGY * * * * 
IMPLEMENTATION * * * * 
PERFORMANCE * * * * 

TECHNOLOGY * * * * * 
IMPLEMENTATION * * * * * 
PERFORMANCE * * * * * 

* * Fair * Poor 

formance winner, the Intergraph TD-410, 
came with the company's Intense 3D; the 
other systems used cards based on3Dlab's 
latest Glint 500TX/Delta chip duo. We 
tested th e 3-D capabilities of these 
machines using Viewperf, an industry 
standard OpenGL benchmark. Although 
Viewperf does not take advantage of the 
multiprocessing capabilities of these 
workstations, there are 3-D applications 
such as Microsoft's Softimage 3D pack­
age that can. We found these systems very 

TRI-STAR STARSTATION SMP 

TECHNOLOGY * * * 
IMPLEMENTATION * * * * 
PERFORMANCE * * * * 

TECHNOLOGY * * * * 
IMPLEMENTATION * * * 
PERFORMANCE * * * 
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Affordable 3-D Work stat ionsComparison 

capable at manipulating fairl y complex 
images. Experiments with animation ren­
dering in Softimage 3D, however, showed 
that even with two processors, there is still 
a need for $100,000 workstations. 

ADVANTAGES: 

+ Quality engineering and rugged 

construction 

+ Case opens easily 

DISADVANTAGES: 

- Pricey for the performance 

Hewlett-Packard's Vectra XW illus­
trates the company's reputation for 

engineering. Housed in a wide mini-tower, 
the XW is built li ke a tank, with nea rl y 
every component manufactured for a cus­
tom fit. With its AccelGraphics' ProT2500 
Glint-based graphi cs card, th e Vectra XW 
provided solid but middle-of-the-road 3­
D graphics performance, a bit behind the 
Tri-Star system, wh ich uses a similar Accel­
Graphics card. 

The system board is able to accomm o­
date up to 512 MB of system memory in 
eight standard SIMM slots. T he sys tem 
board also provides floppy, rD E, and 8-bit 
UltraSCSI interfaces (interna l and exte r­
na l) . Multim edi a features includ e a 
Hitachi 8x IDE CD-ROM drive, integrated 
SoundBlaster 16 audi o interface, a MIDI 
port, appropriate jacks, and a front-panel 
volume control. 

A More Open GL 

3-D Graphics Performance 
All tests were run with Viewperf 5.0 at a1024x768 resolution with true color. Viewperf tests OpenGL graphics 
performance. 

~Slower Faster .... 

Tri-Star Star­
Station SMP Viewperf viewset 

• DX3.0 

• CDRS3.0Netpower Symetra 

Intergraph TD-410 

HP Vectra XW 
' 1, 

4 6 10 12 14 
Vi ewperf Score (weighted geometri c mean) 

With its Intense 30 card, lntergraph's TD-410 provides good OpenGL performance. 


The three slower systems use cards based on 3Dlabs' Glint 500TX and Delta chips. 


T he case opens easi ly fro m the fro nt ; 
you li ft two latches and slide it forwa rd . 
An integra l key lock on the rear can secure 
the cabinet. Of the system's three PC! slots, 
two are occupied by the netwo rk and 3-D 
gra phics ca rds. There are also three ISA 
slots (one shared). The price fo r the roomy 
ex pa nsion area is cra mped quarters 
around the drive interface connectors and 
memory slots. However, HP designed the 
power suppl y to release with thumb screws 
and slide our of the way without discon­
necting. You need some patience to work 
inside the Vectra XW. 

3-D API 


Spun off from Silicon Graphics' proprietary GL graphics language, OpenGL is now an open 

API controlled by the multivendor Architectural Review Board. It provides an industry stan­

dard multiplatform library of graphics functions for 3-D drawing and rendering with wide 

vendor support. including Microsoft's (NT and Windows 95). OpenGL defines an extensive 

set of 3-D modeling and rendering primitives used to create and manipulate solid models 

and surfaces including: 

• Gouraud shading to show subtle color differences across an object's surface 

•Texture mapping for realistic surfaces 

• Double buffering for smooth animation 

• Z-buffering for precise ordering of objects in the depth dimension 

•Anti aliasing for smoothing jagged edges 

•Alpha blending for displaying transparency 

•Calculations for application of lighting 

•Calculations for transforming geometry, viewpoint, and perspective 

OpenGL functions can be performed by the host processor, but graphics display speed 

improves greatly when the OpenGL functions are off-loaded from the host processor to hard­

ware 3-D graphics accelerators. 
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ADVANTAGES: 

+Top performance 

+Full multimedia integration 

+Solid, stylish chassis 

DISADVANTAGES: 

-Technical documentation optional 

Aslim-line desktop case and best-of­
show performance make the Inter­

gra ph TD-410 an unb eara bl e va lu e. 
Although it ca me in a TDZ-410 case, the 
system we tested is based on Intergraph 's 
Intense 30 board with texture option, so 
it's actually a TD-410. Matched with lnter­
graph 's nice 17-inch 17sd86 monitor, the 
TD-410's perfo rmance is compl eme nted 
by its engineering and sty ling. 

The qui et TD-410 em pl oys large hea t 
sin ks with only two fa ns, mounted at the 
rear o n the power supply. The sys tem 
board can accommodate up to 512 MB in 
eight standard SIMM slots. It provides an 
UlrraSCSI interface. The Intense 30 card 
takes up two of th e mac hin e's three PCT 
slo ts. The card 's size, coupl ed with ob­
structions on the system board, may make 
it difficult to put a nything but a short 
card in the adj acent slot. 

If th e machine's acco mpanying use r 
manual is any indication, Intergraph must 
not think much of th e technical expertise 
of its custo mers. All "derailed informa­
tion," such as how to open the system unit, 
insta ll expansion cards, and set jumpers, 



> Ability to create .ZIP files that span multiple diskettes 
> Create a Windows self-extractor 
> Self-extractor can span multiple diskettes 
> Long file name support for Windows 95 (16 and 32-bit) and 

Windows NT (32-bit) 
> Integration with Windows 95 & NT Explorer 
> Plus additional features 

The growth of the Internet and the increased use of World Wide Web 
browsers are creating a greater need to compressand uncompress data 
files. Saving di sk space and saving on-line phone charges are big 
benefits of compress ing data fil es with PKZIP®for Windows . PKZIP 
for Windows compresses files an average of 50-70% with many large 
text and database files compressing well over 90%. PKZIP's simple 
point-and-click interface lets you easily compress one fil e or all fil es 
on an entire hard drive, and store them in the .ZIP fi le. PKWARE 
provides the best and fas test data compression technology on the 
market, try it and see! 

PKZIP for Windows allows you to easily open fil es created with 
PKZIP for DOS Version 2.04g. PKZIP is also compatible with 
Windows 3.1 or higher, Windows 95 and Windows NT. 

PKZIP for Windows $49, PKZIP for DOS $47 plus shipping and 
handling. 

To order call (414) 354-8699 
or visit our Web Site http://www.pkware.com 

See us at COMDEX Booth #52861 

Other PKWfiRE Products 


Put Your Executables on aDiet 

PKLITErn increases you r 
valuable disk space by 
compress ing DOS and 
Windows 16-bit executable 
(.COM , .EXE and .DLL) 
fi les by an average of 45%. 
The operation of PKLITE is 
tra nsparent , all you will 
notice is more ava ilable disk 
space ' Price $46 

Soft ware developers, save di sk space and media costs 
with smaller executables. You can di stribute your 
software in a compressed form with PKLITE 
Profess ionaJTM PKLITE Profess ional g ives you an extra 
option to compress fil es so that they cannot be expanded 
by PK LITE. This discourages reverse engineeri ng of your 
programs. Price $ 146 

Put Compression Imo YOUR Application 
The PKWARE Data Compression Library® products 
allow you to incorporate data compression technology 
into your software applications. The appl ication 
program contro ls all the input and output of data, 
allowing data to be compressed to or ex tracted from any 
device or area of memory. 

The all-purpose Data 
Compression Algorithm 
compresses ASCII or 
binary data quickly. 
The routi nes can be 
used with most 
compatible language 
compilers. Separate 
DOS, DOS32, 
Windows, OS/2,Win32, 
UNIX and Macintosh 
versions are avai lable! 

________c all_fo _ _ g. ___._ _r pricin,._

1992·1996 PC World World Class Award 
1996 Government Computer News {8KW•;~ Best New Product Award at FOSE Final/st 
1995 Computer Currents Readers Choice Award 
1993 Shareware Industry Award 
1992 Premiere Computing Magazine Award 

The Data Compression Experts® 
9025 N. Deerwood Drive I Brown Deer. WI 53223 USA 1992 Dvorak/Zoom Award 

FAX: 414-354-8559 BBS: 414-354-8670 BY 12-96 
Email: info @pkwore.com 

Copyrigh1 !996 l'K\VA RE. Inc. All Righ1s Reserved . Al l tr:nkmarks or rcgi sicrcd trademarks are property of their respecti ve owners. 

Circle 14 7 on Inquiry C ard . 

mailto:info@pkwore.com
http:http://www.pkware.com


Affordable 3 -D WorkstationsComparison 

is only in the optional System Reference 
manual. The box also lacks an exte rn al 
reset button. 

T h e com p le te multimed ia sup po rt 
includes an 8x SCSI CD-ROM drive, Cre­
ative Labs Vibra 16C interface on the sys­
tem board, and the ConcertMaster " mul­
timedia keyboard" with built-in stereo 
speakers. The microphone, mute button, 
and volume control are located conve­
niently at your fingertips. Jacks for head­
phones, external microphone, and a pow­
ered subwoofer are also on the keyboard. 

ADVANTAGES: 

+Two 512-KB-cache Pentium Pro CPUs 

DISADVANTAGES: 

- Relatively high price 

- Slowest performance 

- Hard to access interior 

The Symetra's 3-D capabili ty is fu eled by 
Netpower's TrueFX Pro card and cou­

pled with a 17-inch Iiyama Vision M aster 
17 monito r. Developed with 3 DLabs, and 
using the same 500TX and Delta chips as 
the other Glint cards, th e 16-MB TrueFX 
Pro trail ed in performance on the Vi ew­
perf tests. The Symetra was the onl y sys­
tem to come with the 512-KB-cache ver­
sion of the 200-MHz Pentium Pro. Buying 
the version with 256-KB cache will save you 
$2000 and cost you only a small drop in 
performance. 

The Symetra is packaged in a wide mini­
tower that's constructed of an odd array 
of panels, pins, latches, and tabs. The sys­
tem board can accommodate up to 512 MB 
of memory in fo ur 168-pin DIMM slots. 
Accessing the Symetra's interior can be a 
challenge . You must take off the cover, 
release two latches, and remove a side pan­
el to access expansion card and memory 
slots. Adding a drive requires removing all 
fo ur cover panels and possibly disassem­
bling the drive bay assembly to reach the 
mounting screws. 

Of the four PCI slots inside the Symetra, 
one of which is a shared PCI/ISA slot, two 
a re use d by th e 3-D graph ics card . An 
Adaptec SCSI PCI card takes a third and 
controls the 4-GB Fast-and-Wide SCSI hard 
drive. The integrated Wide UltraSC SI 
interfa ce goes unu se d . An integrated 
SoundBlaster 16-compatible audio inter­
face provides multimedia support, along 
with an Sx CD-ROM drive. 
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ADVANTAGES: 

+ Lowest price 

+ Second-best 3-0 performance 

+ Lots of expansion room 

DISADVANTAGES: 

- Lacks sound card 

The Tri-Star StarStation SMP worksta­
tion comes with a version of the Accel­

Graphics Pro T2500 card and a 17-inch 
Iiyama Vision M aster monitor. Coming in 
with the lowest system pri ce ($8544) , it 
provided the best performance of the three 
Glint-base d systems. H oused in a large 
tower with lots of drive bays, the StarSta­
tion has the largest memory capacity of the 
four systems: up to 768 MB in six standard 
SIMM slots. 

The system provides fo ur PCI and three 
ISA slo ts (one shared) , but three of th e 
ava ilable PC! slots a re occupi ed by th e 
Adaptec SCSIcard, 10/lOOBase-T network 
card, and the 3-D graphics card. In addi­
ti on to two 31'-inch bays, the StarStation's 
tall case provides six 5 X-inch drive bays­
al l accessibl e from th e fr ont of th e 
machine. Two bays in our evaluati on unit 

PRODUCT INFORMATION 

HPVectraXW Netpower Symetra 
$11 ,594 (estimated $12,483 (estimated 
street price) street price) 
(two 200-MHz (two 200-MHz 
Pentium Pros, 128 MB Pentium Pros (512-KB 
ofRAM, 4-GB hard l2 cache), 128 MB of 
drive, 17-inch display, RAM, 4-GB hard drive, 
16-MB 3-D graphics 17-inch display, 16­
card) MB 3-D graphics card) 
Hewlett-Packard Netpower 
Palo Alto, CA Sunnyvale, CA 
(800) 752-0900 (800) 801-0900 
(303) 635-1000 (408) 522-5199 
fax : (800) 333-1917 fax : (408) 720-8558 
http://www.hp.com http://www.netpower 
Circle 1059 .com 
on Inquiry Card. Circle 1061 

on Inquiry Card . 
Intergraph TD-41 O 
$11,231 (estimated Tri-Star StarStation 
street price) SMP 
(two 200-MHz $8544 
Pentium Pros, 128 MB (two 200-MHz 
of RAM, 4-GB hard Pentium Pros, 128 MB 
drive, 17-inch display, of RAM, 4-GB hard 
16-MB 3-D graphics drive, 17-inch display, 
card) 16-MB 3-D graphics 
Intergraph Computer card) 
Systems Tri-Star Computer 
Huntsville, Al Tempe, AZ. 
(205) 730-5441 (800) 844-2959 

http://www.intergraph (602)731-4926 

.com/ics fax: (602) 731-9010 

Circle 1060 http://www.tri_cad 

on Inquiry Card. .com 


Circle 1062 
on Inquiry Card. 

were occupied by the hard drive and the 
Plextor Sx SCSI CD-ROM drive. No sound 
capabilities were provided with this unit. 

Driving Performance 
As is the case when evaluating any work­
station component, comparing high-per­
form ance graphics cards requires both a 
philoso ph y of testing and a dependable 
benchmark. Vendors typically quote 3-D 
graphics perform ance as the number of 
primitives (such as triangles) the comput­
er draws per seco nd . But without addi­
tion al in fo rmation, such as the context, 
size, shading, color depth, and smoothing 
meth od used to d raw th o se triangles , 
direct comparisons are meaningless. 

To address this problem, the OpenGL 
Per fo rmance Characteri zation subcom­
mittee has developed the Viewperfbench­
mark (avail able at http://www.specbench/ 
org/). It's a portable benchmark and the 
current industry standard fo r evaluating 
OpenGL performance. Viewperf does not 
benchmark individual primitives-it mea­
sures the performance of actual applica­
tion data sets called viewsets. 

For benchmarking th e sys tems in this 
evaluati on, we chose two vi ewsets. The 
CDRS viewset is derived from Parametric 
Techn ology's modeling and rendering 
so ftware fo r computer-aided industrial 
des ign. It is used to create concept mod­
els of automobiles, consumer electronics, 
and appliances.The test measures seven 
different operations on a model of a lawn­
mower. The DX viewset is based on IBM's 
Visuali za ti on Data Explorer, a general­
purpose scientific data visualization and 
analysis package. The 10-test benchmark 
draws a set of particle traces through a vec­
tor fl ow field. Viewperf measures frames 
per second fo r each component test. The 
single result for each viewset is a weight­
ed geometric mean. 

Our benchmar k tes ts show that the 
Intergraph TD-410's performance makes 
it the clear leader in this class ofpersonal 
graphics workstati ons. Its price reflects the 
additional power of the Intense 3D board 
as much as it does the price of Intergraph's 
engineering and good customer support. 
If monetary constraints place the TD-410 
out of your reach, the Tri-Star StarStation 
SMP offers somewhat more modest per­
formance at a greatly reduced price. rn 

Robert L. Hummel is an electrical engineer, pro­

grammer, and consultant. You can reach him at 

rhummel@monad.net. 

mailto:rhummel@monad.net
http://www.specbench
http://www.tri_cad
http://www.intergraph
http://www.netpower
http:http://www.hp.com


Spreadsheets 

Now that 1-2-3 and Quattro Pro come in true Windows 95 
flavors, can they shake Excel's dominance? By Richard Cranford 

The Spreadsheet War, Revived 

r's a three-way race again . 
With Lotus' s lo ng-delayed 
release of 1-2-3 97 (the first 
32-bit version) this winter, 

market-leading Microsoft Excel finally 
has some serious competition. And by the 
time you read this, the latest version of 

RATINGS 

TECHNOLOGY * * * 
IMPLEMENTATION * * * * 

Microsoft's 32-bit spreadsheet, Excel 97, 
should be on its way to store shelves. 
Corel's (formerly Novell's, formerly Bor­
land's) Quattro Pro 7 appeared last June. 

All three products have notable new 
features, but equally notable is what's miss­
ing. The new version of 1-2-3 doesn' t 
offer some of the goodies its users have 
clamored for, and Corel and Lotus have 
failed to adopt some ofExcel 's slicker fea­
tures for their spreadsheets. 

Productivity Tools 
Th ese spreadsheets a re chock-full of 
functions that are accessible from th e 
right mouse button. Behind these func­
tions sit ad hoc menus of tasks re lated 
to a selected object. For example, right­
clicking on a row number on the left 
side of a worksheet's fram e pops up a 
menu that lets you delete that row. 

All three programs let you fill in a range 
with a preset series of labels (e.g., th e 

***Good***** O utstanding ****Very Good 

months ofthe year) or with ascending val­
ues. Excel and 1-2-3 let yo u do this by 
dragging; the trick is to the get the mouse 
pointer to the lower left corner of a start­
ing cell (containing, say, the word Janu­
ary) before dragging ei ther down or right. 
In Quattro, you can fi ll a range with la­
bels, but only by selecting the range first 
and then right-clicking on the range and 
selecting from the pop-up menu. 

You can create your own fill lists, such 
as the names ofa company's locations, in 
all three spreadsheets. Lotus 1-2-3 has 
finally done away with a tedious system 
that required opening an !N I fi le with a 
text edito r and manuall y keying in a 
new sequence. You now add to 1-2-3's rep­
erto ire of fill lists by selecting File/ User 
Setup/SmartFill Setup. Lotus 1-2-3's set­
up routine gathers up the lists in the !NI 
fil e so that users don ' t have to reenter 
their custom lists. 

Excel and Quattro both offer array for­
mulas, which let you write one formula 
to populate a range of cells. Array for­
mulas help prese rve th e integrity of a 
spreadsheet model by letting you create 
a block of fo rmul as that perform a con­
sistent function and by preventing 
changes to one member of a set. Lotus 1­
2-3 has yet to add a comparable fea ture. 

TECHNOLOGY * * * * 
IMPLEMENTATION * * * 

**Fair * Poor 

TECHNOLOGY * * * * * 
IMPLEMENTATION * * * * 
You can now group some of the work­

sheets in a 1-2-3 model without grouping 
all of them. When you group worksheets, 
the changes made in one sheet to column 
widths, numeric formats, and other at­
tributes are passed along to all other 
sheets in the gro up . This has been an 
all-or-nothing proposition in 1-2-3 since 
th e p rogra m went 3-D back in 1989. 
M any users have complained about it in 
forums on CompuServe and elsewhere. 
Now you can still create only one group, 
but you can decide which sheets it wi ll 
include. You could use this feature , for 
example, to make a group out ofsheets B 
through E in a nine-worksheet model. 

Excel and Quatt ro have both been 
there and done that, and they also offer 
nice variations on the theme. Quattro lets 
you create groups for multiple sets of 
worksheets and even assign names to 
groups (e.g., sheets B through E can be 
one group, with the user-assigned name 
Sales, while sheets G and H might belong 
to a group called Op Costs). With Group 
mode turned on, changes made in the 
Sales group are passed to other sheets in 
that group, but not to the ungrouped 
sheets or to those in the Op Costs group. 

Exce l lets you select noncontiguous 
worksheets. Bo th Quattro and Excel 

DECE MBE R 1996 BYTE 149 



C ompa ris on Sp re ad s he ets 

allow you to put an entry into the same cell 
ofall worksheets in a group. That is, if you 
type a label in cell Al of one worksheet in 
a group and press Ctrl-Enter instead of 
Enter, the label goes into all the cells Al in 
the group. Lotus 1-2-3 can't do this as eas­
ily. In addition, Quattro and Excel let you 
move a worksheet from one position to 
another within its fi le just by dragging its 
tab. This is another feature wished for in 
the on-line forums, but it doesn't appear 
in the newest version of 1-2-3. 

Lotus did, however, give its spreadsheet 
two operati ona l featu res that are no t 
found in its competitors. One is auto-total­
ing; 1-2-3 97 creates the @SUM formulas 
that sum up the columns or rows ofa table 
when you enter the word Total below or 
to the right of the table. And its Info Box 
(see the screen on page 149) isa dialog box 
that offers one-stop shopping for numeri­
cal formats, text attributes, colors, bor­
ders, and other attributes. Since it's mod­
eless, the Info Box instantly passes changes 
to the spreadsheet without yo ur having 
to click OK. 

Excel wins the prize for most interest­
ing ease-of-use features. For one thing, it 
now all ows natural-language form ulas: 

ADVANTAGES 
+Auto-totaling 

+ Modeless dialog boxes make changes 
instantly 

DISADVANTAGES 
- Requires Lotus Approach 

for database queries 
and PivotTables 

- No array formulas 

ADVANTAGES 
+ Feature-rich 

+Supports Visual Basic 
for Applications 

DISADVANTAGES 
- Large file sizes 


- Has fewest@functions (234) 


ADVANTAGES 
+Has the easiest-to-use 

programming language 

+Lowest-priced 

+Has the most@funetiens (483) 

DISADVANTAGES 
- Not as easy to use as the ethers 

- Outmoded print previewing 

OLE 2.0 


Suite-Talking Spreadsheets 
Microsoft, Lotus, and Corel all brag about how well the members of their respective soft ­

ware suites work together, but much of this is made possible by Windows' OLE protocol. The 

spreadsheets act as OLE 2.0 servers, so you can drag and drop worksheet ranges from one 

part of a sheet to another, to a different worksheet page within a file, to another open file, 

or out of the application window altogether and into a word processor, presentation pro­

gram, or other document. You can drag from a worksheet application to a word processor 

from the same company (from Excel to Word, for example) or to a competing worksheet that 

can act as an OLE client (e.g., from Quattro Pro to Lotus's Word Pro). 

The range that's dropped into the word processor becomes a spreadsheet object. When 

you double-click on it, the document-the spreadsheet fragment itself and the text that sur­

rounds it-remains in place, butthe word processor's menu and toolbars are replaced by those 

of the host spreadsheet application. You modify the style or content of this table using the 

tools available in the worksheet, notthose of the word processor. Clicking outside the spread­

sheet object restores the word processor's normal menu. 

After setting up a table with headings for 
the columns or rows, you can enter a for­
mula using the headings without having to 
assign range names. In the screen on page 
149, for example, you could complete the 
model by entering "=sales- costs" rather 
than "=BS- CS" in cell 09. 

Also nice is the Range Finde r, which 
shows the cells or ranges referenced by a 
formula when you editthat formula. In the 
screen at right, the formula in cell C9 in­
dicates a (clearly wrong) monthly loan pay­
ment of $7400. Edi ting the formu la in­
stantly shows that it refers to the term in 
years, not in months. Dragging the green 
rectangle to cell C7 corrects the form ula. 
The same screen illustrates a new align ­
ment option in Excel called Merge Cells. 
Notice how the word Rate is centered ver­
tically relative to the words Annual and 
Monthly. Merge cells let you turn cells A4 
and AS into a double-high ce ll and create 
this effect. 

M uch is made of the Web these days, 
so it comes as no surprise that the major 
spreadsheet makers all claim to have the 
spreadsheet that works hand-in-hand with 
the Web. Excel, 1-2-3, and Quattro all have 
handy buttons that launch your Web brows­
er and transport you to a certain Web site 
(typically one operated by Microsoft, Lo­
tus, or Corel). In 1-2-3, you can highlight 
a snippet of text and run a Yahoo search 
using that text. 

Excel and 1-2-3 can open files directly 
from Internet ftp sites, or they can save 
worksheet files to ftp servers or Web sites 
via the normal File/Save menu. Quattro 
can open Hypertext Markup Language 
(HTML) fi les from the Web, from disk 

Editing a formula in Excel 97 highlights 

cells and ranges the formula refers to. 

drives, or fro m LAN directories, and it can 
save data in the HTML format for later up ­
loading to the Web. 

You can also enter formulas that refer to 
bits of information on the Web. The dis­
advantage of this is that you must wait to 
dial into a Web site (or sites) to get all the 
most up-to-date information whenever 
you recalculate the worksheet. 

Get with the Program 
Lotus 1-2-3's approach to programming 
hasn't changed much since 1986, and Quat­
tro's language has been a close variation 
on 1-2-3's. Each product's language em­
p loys a se t of commands spelled with 
braces (e.g., { GETNUMBER} ) and entered 
in a range of worksheet cells. 

Programs (i.e., macros) written in these 
languages have some serious limitations. 
For instance, to execute code condition­
ally, you must write one long label con ­
sisting of an {IF} command followed by 
the code to be executed when {IF}'s Boo!­
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Comparison Spreadsheets 

feature Comparison 
1-2-397 Excel97 Quattro Pro 7 

ean statement is true. You create IF... THEN 
routines rather than IF .. . THEN ... ELSE 
routines. 

Microsoft has included a version of its 
Visual Basic language in Excel for a few 
years now.The latest version, Visual Basic 
for Applications (VBA), is a full-featured 
language that allows for complex 
IF ... THEN ... ELSE and 00 ...WHILE rou­
tines and the like. With its latest release, 1­
2-3 joins the club and allows for program­
ming in Lotus Script, a language that's very 
much like VBA. And Quattro Pro offers 
PerfectScript, which is closer to the old 
macro language than to VBA, but which 
allows for more complex programming 
tasks. Both 1-2-3 and Quattro support their 
respective macro languages. 

Live Previews 
Quattro Pro 7 still uses a static print pre­
view to show how a worksheet will look 
on paper. You can view the preview, or you 
can leave Preview mode to modify the 
worksheet, but never the twain shall meet. 

By comparison, 1-2-3 and Excel provide 
concurrent previewing and editing. Ex­
cel's approach is a lot like invoking the full­
page view available in the major Windows 
word processors. When you switch from 
Normal mode to Page Break Preview 
mode, the zoom factor is reduced and all 
margins and page breaks are visible, but all 
worksheet functions are still possible. 
While zoomed out, you can make changes 
such as applying shades or drawing boxes 
around ranges. If you need to edit indi­
vidual cells, you can zoom in on the sheet 
without leaving Page Break Preview mode. 

Lotus 1-2-3's approach is different, but 
still good. Its Dynamic Print Preview fea­
ture opens a print-preview window and 
tiles it with the current worksheet window. 

PRODUCT INFORMATION 

Excel 97 (617) 577-8500 
(price undetermined at http://www.lotus.com 
press time) Circle 976 
Microsoft Corp. on Inquiry Card. 
Redmond, WA 
(800) 426-9400 Quattro Pro 7 
(206) 882-8080 $99 

fax: (206) 936-7329 Corel Corp. 

http://www.microsoft Ottawa, Ontario, 

.com Canada 

Circle 977 (800) 836-3729 

on Inquiry Card. (613) 728-8200 


fax: (613) 761 - 9176 
Lotus 1-2-3 97 http://www.corel.com 
$329 Circle 978 
Lotus Development on Inquiry Card. 
Corp. 
Cambridge, MA 
(800) 343-5414 

Cells per sheet 2,097,152 16,777,216 2,097,152 
(256 columns x (256 columns (256 columns x 

8192 rows) x 65,536 rows) 8192 rows) 
Maximum number of worksheets 256 Unlimited Unlimited 
Maps from worksheet data v v v 
PivotTables Requires Lotus v Requires add-in 

Approach (included) (included) 
Programming languages 1-2-3 macro Visual Basic 1-2-3-like macro 

language; for Applications language; 
Lotus Script PerfectScript 

(a BASIC-like (a BASIC-like 
language) language) 

Number of functions 280 421 483 
Supports custom functions v v 
Array formulas v v 
Create your own fill series v v v 
Can act as OLE 2.0 v v v 
server or client 
Internet support Export data Export data Open HTML file; 

as HTML; open as HTML; open save files in 
file from, or save file from Web or HTML; save file 
file to, Web or ftp site ; save file to Web page 

ftp site to ftp site 
V'=yes. 

You apply changes in the worksheet and 
see them reflected in a full-p age preview. 

The Artist Within 
In any of these three spreadsheets, you can 
add simple drawn objects to a worksheet 
model. In 1-2-3 and Quattro Pro, these ob­
jects are limited to lines, arrows, ellipses, 
rectangles, and freehand shapes and doo­
dles. Excel offers these and several others, 
inluding triangles, a pentagon, a heart, 
stars (with various numbers of points), the 
international "no" symbol, and flowchart 
symbols. Excel also offers many more ways 
to spruce up these shapes; you can apply 
textures such as marble, crumpled paper, 
and woodgrains, choose from several 
sty !es of gradient fills, and even give the 
objects depth and rotate them in 3-D space. 

The drawing tools in all three programs 
support text blocks (as they've done for a 
few years now), and Excel lets you create 
WordArt objects as well. You can use Wor­
dArt to create an eye-catching worksheet 
title whose text is, for example, curved, 
tinted to simulate a metallic finish, or cast­
ing a shadow. Just click the WordArt but­
ton on Excel's Drawing Toolbar, pick a 
style from a gallery of suggestions, and 
supply some text. 

The Race Is On 
All three products provide the features we 
now take for granted in spreadsheets- a 
dizzying array of chart types, maps, ver­

sion management, and programming 
tools-and add attractive extras. 

Excel offers the most robust set of ease­
of-use features as well as a more venerable 
language for developers (although 1-2-3's 
new language compares favorably). Lotus 
1-2-3's modeless Info Box is nicely con­
ducive to fiddling with a worksheet to get 
its look just right. Quattro Pro seems a bit 
harder to work with, although it has a sim­
pler programming language. 

On balance, Excel has the most com­
plete and best-implemented feature set. 
If you're already an Excel shop, you're 
where you want to be. 

If 1-2-3 is your standard spreadsheet, it 
may be time to switch, unless you have a 
major investment in 1-2-3-related skills. 
You won't go too far wrong by moving to 
1-2-3's new 32-bit version, but you'll be 
getting a spreadsheet that still isn't as good 
as Excel. While Excel once was unwieldy 
for casual users, it now beats 1-2-3 in al­
most every area. 

Quattro Pro has the best price and is a 
solid product. Stay with it if it's what you 
already use. But if you don't, consider it 
carefully, if for no other reason than that 
you'll be much in the minority. rn 

Richard Cranford is a freelance writer and con­

sultant based in Cambridge, Massachusetts. He 

was formerly senior associate editor at Lotus 

magazine. You can contact him at rcranford 

@aol.com. 
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360 Under 100 42 0
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480 461 462 463 464 465 466 467 468 469 470 471 472 473 474 475 476 1146 1147 11481149 115011511152 11531t54 1155 11 561157 11581159 1160 11611162-and click on Free 477 478 479 480 481 482 483 484 485 486 487 488 489 490 491 492 493 11631164 1165 1166 11 67 11 68 1169 1170 1171 1172 11731174 11751176 1177 11781179 
494 495 496 497 498 499 500 501 502 503 504 505 506 507 508 509 510 11801181 11821183 1184 11851 186 1187 1188 1189 11901191 11921193 1194 11 951 196Product Information. 11971198 11991200 120t 12021203 1204 1205 1206 12071208 12091210 121112121213 
528 529 530 531 532 533 534 535 536 537 538 539 ~o 541 542 ~3 544 
511 512 513 514 515 516 517 518 519 520 521 522 523 524 525 526 527 

12141215 1216 t217 121812191220 1221 1222 1223 12241225 12261227 1228 12291230Follow the ~5 ~6 ~7 ~8 ~9 550 551 552 553 5~ 555 556 557 558 559 560 561 12311232 12331234 12351236 1237 1238 1239 1240 12411242 12431244 1245 12461247 
562 563 564 565 566 567 568 569 570 571 572 573 574 575 576 577 578 12481249 1250 1251 125212531254 1255 1256 1257 12581259 1~ 1261 1262 12631264instructions on-line. 579 580 581 582 583 584 585 586 587 ~8 589 590 591 592 593 SM 595 12651266 12671268 126912701271 1272 1273 1274 12751276 1277 1278 12791280 128t 

Product Category 	 Laplops & Nolebooks 13 Voice Technology 55 Miscellaneous Software 37 
Mass Storage 23 Workstalions 67 Net Management 72Information Memory/Chips/Upgrades 15 	 Networking 73Software 

To receive information for an Business 25Midrange/Mini Compulers 62 On-Line Services 38 
Miscellaneous Hardware 16 Operating Systems 39entire calegory, circle the appropriale 	 CAD/CAM 26
Modems/Mulliplexors 17 Programmi~ Language&'Tools 40 
Monitors & Terminals 18number in box above. 	 Communications 27 

Security 41
Hardware Mullimedia/CD-ROM 19 Data Acquisition 28 

Spreadsheels 44Data Warehousing 68Accessories/Supplies 1 	 Network Hubs/Switches 63 UNIX 45Database 29Add-in Boards 2 	 Networking 64 Utilities 46Educational 30 
Windows95 47Communications 4 	 Optical Drives 65 

Engineering/Scientific 31 
Windows NT 74Computer Telephony 60 	 PCMCI A 57 

Entertainment 32 
Word Processing/DTP 48

IU'il I I Data Acquisition 6 	 Printers/Plotters 20 
Graphics 33 

Diagnostic Equipment ~ Scanners/OCR/Digitizers 22 ln1eme1 Services 69 General 
Disk Drives 7 SCSI/Peripheral lntertaces 59 lnternel/lntranet 70 Books/Publications 49 
Fax Boards/Machines 9 Securily 52 Macintosh 34 Recruitment 50 
lnpul Devices 10 Servers 66 Ma1hematicaVS1a1is1ical 36 Mail Order 75 
ISDN Hardware 61 UPS/Power Management 24 Middleware 71 Miscellaneous 51 

Desklops 5 	 Programmable Hardware 21 

http:www.byte.com


F.REE PRODUCT INFOR·MATION 

0 

-

-
-

-

-
-

-

tne 

FASTI 


),.. 

9. 
~ -
g· 
0-,_, 
:s.! 
"' ~ 
() 

~ 

~ 
i:::: 

~ 
"' "e 
5· 

~ 

OJ -u z coo 
"'Tl OJ c::: 
~ 0 :Ii
I><-< 
0 ....... :::: 
z 85 ~ -< c.u )> 

" 0 en 
--; 
)> 
Gl 
m 
~ 
j= 
r 
IJJ 
m 

" )> 

jl CD 
~ c 
() (/)i; 
(J) -

~ z 
~ m 

~ 
I'\) 
0 
01 
cb 
<O 
-.....J 
co 

G) 
m 
~ 
m 
z 
-t 
(/) 

-<
(/) 
-f 
m 

a 
IJJ 
-< 
)> 
0 
0 
::IJ 
m 
en 
en 
m 
m 

(/) 
~ (/) 
~ ::0
6 m 
§ .,, 
01 r-: 

~ 
(/) 

CD c ~ 

~ ~ s 
c 5 )>z _ 

-< r-

FAST: 
INQUIRE BY MAIL 
Enter your name 
and address at 
right. Then circle 
the inquiry 
numbers that 
correspond to 
those on the 
advertisement or 
BYTE article, 
and mail this 
attached card. 

FASTER: 

INQUIRE BY FAX 
Enter the 
information as 
described above, 
then fax this 
card to: 

800·571·7730 


FASTEST: 
INQUIRE ON 
THE INTERNET 
Access BYTE'S 
home page at: 
www.byte.com 
and click on 
Free Product 
Information. 
Follow the 
instructions 
on-line. 

c 
~_'Tiffii$ 
e:iz~ga 
~:t~ffl~ I l)'A-ll)>mm)>)> 
-I O:IlG)rn -< m 

http:www.byte.com


Jerry Pournelle 

he good news, at least for me, 
is that my new writing sched­
ule is working just fine. In the 
last month, I've produced a 

thousand words a day on my novel Star­
swarm, and it's only three scenes from 
being done. The bad news is that I've had 
less time to play with computer stuff, 
meaning that it's short-shrift time at 
Chaos Manor. 

One of the things I wanted to do was 
experiment with making CD-RO Ms. We 
have two separate CD-ROM-making sys­
tems, one external, the other built into 
Joizy, Mrs. Pournelle's Gateway 2000 
P-5 200XL. Joizy remains, with one excep­
tion, the fastest machine in the house. 
Roberta uses it heavily, and it works just 
fine. We'll get to the CD-ROM makers 
Real Soon Now. 

The exception is interesting. The 
fastest machine in the house appears to 
be the Diamond Flower Doubleshot 133 
dual-Pentium system running under Win­
dows NT 4.0. 

Of course, this business of what's 
fastest depends greatly on what you're 
doing with the machine. If you run a lot 
of DOS programs and make heavy use of 
network resources, dual-processor sys­
tems with NT 4.0 are a pretty clear win. 
Ifyou're heavily into graphics, the speed 
you get depends as much on the video 
board as the CPU, but even so, a good 
dual-processor system will probably be a 
win. Certainly, the Intergraph TDZ-400 
was, while we had it, by far the fastest sys­
tem at Chaos Manor. 

I haven't had any problems with NT 
4.0, but I keep reading about incompati­
bilities. Apparently, Quicken users have 
to go through weird and arcane rituals to 
get America's favori te financial product 
to work with NT 4.0. 

AHot Night 

at the Opera 


Meanwhile, just as I was about ready 
to write off OS/2 due to lack of IBM's sup­
port for it, friends inside IBM tell me 
that a symmetric-multiprocessing (SMP) 
version of OS/2 Warp Server has just been 
released. I also hear that SMP for Merlin 
is in alpha testing and could be released 
about the first of the year. There are some 
problems with applications I'll get to 
later, but support for multiple processors 
could put OS/2 back in the ball game: 
speed and stability in one package. 

In many cases, however, it won't mat­
ter: the speed advantages are real, but you 
don't much care because you don't notice 
a saving ofa couple of seconds. Under my 
new writing system, I write upstairs in 
what used to be Alex's room, using a stan­
dard Gateway 2000 486DX2/66 running 
Microsoft Word 6.0c. 

A heat wave and disk 
errors plague Chaos 
Manor, causing Jerry 
to reach out for the 
Panic box. 

more than a few seconds. In other words, 
fast enough is fast enough .... 

Things contin ue to happen at Chaos 
Manor. A few days ago, we went to 

the gala opening of the new Los Angeles 
Opera season. It was I Pagliacci, directed 
by Franco Zeffirelli and starring Placido 
Domingo. Wonderful: more like a mod­
ern musical than a grand opera. 

While we were out, Alex came over, 
and he opened all the windows in my reg­
ular office. I've got air conditioning in the 
monkish cell where I now write, but when 
I came there in the afternoon, I didn't 
bother to button up and start the air 
conditioning, so it got pretty hot up there. 
Then on Sunday, the one day I don'twork 
on my novel, I came up from breakfast to 
find a "blue screen" on Cyrus, the Cyrix 

Of course, this business of what's fastest depends 
greatly on what you're doing with the machine. 

I have a bit over 200 pages-70,000 
words-finished. Another 1Opages of 
notes are tacked on at the end, meaning 
that when I write, I'm pushing those 
words down to make room for new text. 
Every now and then, there's just enough 
drag that I notice it, but it's fast enough 
that I don't really care. 

Although Word has a fast-save option, 
it's something I don'tuse. I have Word set 
to save the whole document and keep a 
backup copy every time I save (which I 
strongly advise you to do) . Moreover, I 
began writing with computers back in 
CP/M days, and I developed the habit of 
saving early and often, generally at the 
end of every paragraph. 

This means saving the entire 70,000 
words of the manuscript every minute or 
so; and that works just fine, taking no 

6x86-P166. This one announced that it 
had been unable to write to drive C. I'd 
seen that screen before and assumed that 
it probably was generated by System 
Agent or First Aid 95 Deluxe doing some 
kind of routine backgrnund check and 
getting hung up on the screen saver. 

The screen said press any key to con­
tinue, and when I did, all seemed well. 

One of the programs I scheduled for 
this month's column is DiskMapper, 
from Micro Logic, the company that pub­
1ish es Info Select. DiskMapper gives 
you a visual picture of what's on your 
hard drive. It does this by calculating the 
size of each file, subdirectory, and direc­
tory, including "free space," which it 
shows as one big directory. Then it puts 
up a map in which each directory and sub­
directory appears as a rectangle whose 
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Instantly Document 


Corporate Policies, 


Procedures and 


Work Instructions 


Have you ever drawn flowcharts for 

policies, procedures or process flows 

by hand ...or with a PC drawing program? 

If so, break your pencil in half... and delete 

those antiquated drawing programs from 

your hard drive. 

Introducing allCLEAR. 

Create all these charts 
• Flowcharts • OrgCharts 
• Network Diagrams • TOM Diagrams 
• Fishbone Diagrams • Procedure Charts 

It's fun, easy to use and it's guaranteed! 

So, stop wasting time and start @ 
churn in~ out professional dia- . , . 

grams, like a pro, 1n minutes... · 

even if you can't draw a straight line! 

, 	 Call today to get your 
FREE report on how ,'fr.OLee~ ~ ' er- flowcharts can improve 

~- your processes. 

1•800•338•1759 

Cc~§ 

CLEAR 
So•twar-, Inc . 

http://www.clearsoft.com 
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Circle 183 on Inquiry Card. 

Chaos Manor A Hot Night at the Opera 

area is proportional to the space it takes 
up on your drive. You can then click on 
those, and it will expand thatarea to a new 
level. The resu lt is that you can see at a 
glance just what's eating your disk space. 

DiskMapper works just fine with all 
kinds of hard drives, including removable 
drives. It also works with networked drives, 
but it is a bit slow with them. When Disk­
Mapper is running on a Windows 95 (Win 
95) drive and looks across the network at 
a large NT drive, it gets a little confused. 
It seems to map everything all right, but it 
reports the total drive size wrong. 

network to a Micropolis 4-GB hard drive 
running under Windows NT. 

That was a big mistake. 
DF95/NT has the neat feature that you 

can tell it to copy (or move) only updated 
files, so when you're copying an enormous 
directory, you don't have to copy anything 
that's already been copied. Moreover, you 
can install DF95/NT on a server and run it 
locally. It's a good utility for copying, but 
I don't recommend it for moving files. In 
fact, I don't recommend moving files at all. 
Copy them, and when you know you have 
a good copy, erase the originals. That takes 

A couple of my advisers had wondered about the 
airflow in Cyrus, and it was over 90° in the office. 

I had DiskMapper installed on Penta­
fluge, a Pentium 60 system. Pentafluge has 
been my main machine for some time, but 
he's a bit out of date, and I'm contemplat­
ing changing systems. One cand idate is 
Cyrus, and one step in the process is trans­
ferring Pentafluge's essentia l software, 
which includes utilities like DiskMapper. 

Running DiskMapper showed that a 
game called Heroes of Might and Magic 
took up a humongous chunk of space on 
Cyrus. H eroes is one of those games I 
thought I'd li ke, but it didn't hold up. 
Some years ago, Chris Crawford said that 
good computer games need "the illusion 
of winnability": the game ought to be too 
hard for you, but you shouldn't know that. 
I presume he was thinking of arcade games 
like Space Invader, where no matter what 
you do, there's always another level that's 
even tougher. I prefer "the illusion of los­
abi lity": I like to win, not be defeated. 

Anyway, Heroes seems to fo llow Craw­
ford's philosophy. Eventually, I went after 
it with a disk editor to give myself more 
money and larger armies. I discovered that 
while the game got tougher and tougher, 
it got no more interesting. Each new 
episode had the same features as the last, 
just arranged differently, with added si lli­
ness such as maze-like forests and hedge­
rows to make everything take three times 
as long. One day I just quit playing it. Now 
it was taking up a lot of disk space. 

I never throw anything away. The sim­
plest thing I could have done would have 
been to keep my highest-level save and 
throw the rest away, on the theory that I 
could always reinstall the game. Instead, 
I used Drag and File for Windows 95/NT 
(DF95/NT) to "move" the entire Heroes 
directory (and subdirectories) across the 

a little longer, but it's a lot safer. 
Ifyou do move files, don't use DF95/NT 

because it doesn't recover gracefu lly from 
disk errors; and I got a disk error. About 
90 percent through the move, I got the blue 
screen: Unable to Write to Drive C, Press 
Any Key to Continue. Alas, pressing any 
key didn't continue. Pressing any key got 
a partial restart of DF95/NT, but that pro­
gram was completely confused. It trundled 
for a second, and then the system locked 
up completely. Ungood. 

Ctrl-Alt-Del did nothing, nor did any­
thing else, so I hit the reset button. This 
time a new message appeared: "No Oper­
ating System." Double ungood. 

Turn it off and let it sit awhile, some­
thing I shou ld have done in the first place. 
Sometimes reset doesn't erase all the cache 
memory. This time, Win 95 came up, but 
just as it was completing its start-ups, I 
got a new blue-screen error. Double plus 
ungood. I turned the system off before 
more damage was done. 

Heat, I thought. A couple of my advis­
ers had wondered about the airflow in 
Cyrus, and it was over 90° in the office, 
uncomfortable enough that I was about to 
turn on the air conditioning. I decided to 
put that off; I might as well finish this 
under the conditions I started with. 

I have a box labeled Panic. It includes 
several flavors of DOS boot floppy disks. 
I fished out one and turned on the power. 
Cyrus came up just fine. I ran CHKDSK 

on C, and sure enough, there were a num­
ber of errors, which I did not let CHKDSK 

fix. Time for more potent magic. 
One essential item in my Panic box is 

Norton Utilities for Windows 95 Emer­
gency Disk (Bootable). I put it in the floppy 
drive, turned off the power, counted 10,and 
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fired up the system again. Norton Disk 
Doctor (NDD) appeared and found there 
was no file-allocation-table (FAT) entry for 
the subdirectory HEROES. Apparently, the 
"Unable to Write" error happened while 
DF95/NT was trying to update the FAT 
after deleting a file or subdirectory. NOD 
fixed the problem and scanned the disk for 
media surface errors. It found none. 

Now Win 95 loaded correctly. The next 
step was to run Go lden Bow's Vopt. It's 
not that I don't trust the Norton defrag 
program, but over the years, I have come 
to have full confidence in Golden Bow util­
ities. Moreover, although Vopt is a 32-bit 
program, it shuts down Win 95 and runs 
itself from DOS to assure complete control 
over disk writes. Sure enoug h, in th e 
course of defragging the C drive, Vopt 
reported a write error. I told it to retry. 
Everything went well, bur it sure seemed 
like there was a weak sector on that disk. 
Back in Win 95, I tried NOD complete with 
media scan, but it reported nothing. 

Vopt used to come with a program 
called Vmarkbad. It found and marked 
bad sectors; alas, the newest version did 

• Integrates seamlessly into Windows 95 

• Mounts NFS drives from Explorer or 
Network Neighborhood 

not appear to have that. I later discovered I still don't know if my "Unable to 
it was st ill there but had been renamed Write" blue-screen errors were caused by 
Vscan. In any case, I had already moved that soft sector on the disk, or by the hot 
on to the next step, which was to try Win weather, or whether the heat caused the 

I didn't panic, because everything important 

had been backed up across the network. 

95's ScanDisk utility. I ran ScanDisk, and 
when I did, Lo!, it found a bad sector, 
which it marked . To be sure of that, I ran 
Vmap, which comes with Vopt, and sure 
enough, one sector now sported a little red 
bad-secto r mark. If you don't have the 
Vopt utilities, they're worth having. 

It was now hot enough that I figured to 
heck with tests, so I closed all the windows 
and started up the air conditioning. Then 
I ran a ll kinds of programs on Cyrus . I 
deleted the rest of the HEROES subd irec­
tory. I ran Golden Bow's null fil e detector, 
discovering that both Microsoft Office 
and Core l Office Professiona l 7 create 
bea ucoup empty files as well as directo­
ries. I killed off a lot of null files, did exten­
sive disk operations, and let it run over­
night. So far, all is well. 

disk error. I do know that once again NOD 
was a lifesaver, and it's worthwhile having 
the bootable Norton Utilities for Windows 
95 Emergency Disk in my Panic box. On 
the other hand, NDD didn't find the bad 
sector, whereas Scan Disk did. 

A final note : I didn't panic, because 
everything important had been backed up 
across th e network, with really impor­
tant work copied in at least two places. A 
backup system is no good unless you'll use 
it. It's easy to get in the habit of copying 
to a networked drive. 

Usuall y, I'm sure the Internet wasn't 
designed to drive me crazy, but there 

are times when I wonder. 
One of the most useful utilities ever 

written was Norton Commander. It's a 

• Supports file and record locking 
{

• Allows central authentication with a 
single server running PCNFSD for 
all NFS connectivity 

• Prints to NFS or LPD print servers 

• Allows login to all systems with a single 
login name and password or different 
login names for each system 

• Allows single-operation logout of all systems
accessed through Network Neighborhood 

• Fine tunes performance parameters 
for each server you access 
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DOS program that was useful from its first 
days and just kept getting better and bet­
ter. For me, it became so indispensable that 
it was almost always the first thing I in­
stalled on a new computer. 

Norton Commander is p r imarily a 
smart file manager. It also contains built­
in viewers for a number of fil e formats, a 
utility editor that makes alterin g CON­
FIG.SYS and AUTOEXEC.BAT a snap, and 
a bunch of oth er stuff. 

The final version even had a routine that 
would automatically call MCl and get your 
e-mail. That fea tu re is obsolete now-it 
worked only at 2400 bps anyway-but I 
still use Norton Com mand er for nearly 
everything else. Al as, it has to run in a DOS 
window, and it doesn't understand lo ng 
filenames. 

The last time I wrote abo ut Norton 
Commander, a number of readers advised 
me that there's a shareware program called 
Windows Command er, written by Chris­
tian Ghisler. It's similar to Norton Com­
mander, and it understands long fil enames. 

This morn ing, I dec ided I'd look for 
Windows Commander. I first tried a search 
on "Commander" fr om EarthLink Net­
work's ho me-page search system. I got 
12,000 hits, and the first 20 all had to do 
with the game Wing Commander. Time to 
be a bit more se lec tiv e . Th e AltaVista 
search engine accepts search strings in 
the form Windows + Commander, where 
the plus sign means that both words must 
be found . That still produced about 2000 
hits, but the first 20 clea rly referred to 
shareware programs that were called Win­
dows Commander. Alas, th ey also con­
tained lots of odd characters and numbers 
in place of text in their summaries. 

My first tho ught was that all that gar­
bage was due to unsupported fonts . Ir sure 
would be nice if Al ta Vista would add a fea­
ture that let you force searches in one lan­
guage only. 

Due to sloth, I have been using Netscape 
N avigat o r 2.0. Clear ly, it was tim e to 
upgrade to version 3 .0 and see if that would 
make a difference. 

Netscape Navigator Gold 3.0 is a 6-MB 
self-extracting fil e. It takes a while to 
download. Alas, I hadn ' t turned off my 
screen saver when I began the download; 
about 2 MB into the process, the screen 
saver kicked in. When I got back in con­
trol, Navigator said "Document Done" at 
the bottom, and there was a 2.2-MB fil e in 
my TEMP subdirectory, with no indication 
that anything had gone wrong. If I hadn't 
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known that the file was supposed to be 
larger than that, I would have thought all 
was well. Of course, I'd have fo und o ut 
when I tri ed to run it. 

There was nothing for it but to start 
over. I got distracted and fo rgot to turn off 
the screen saver before I started , but thi s 
time I made sure to wiggle the mouse every 
few minutes. I w ished mightily that Win 
95 had the Don't Sleep feature from Berke­
ley's screen savers. I realize that Win 95 is 
multitasking, and I probably could have 
turned off th e screen saver while down­
loading in the background. I guess deep 
down, however, I don't trust mu Iti tasking 
and Internet downloads, and it wasn'tthat 
hard to wiggle th e mouse every few min­
utes. Anyway, it downl oaded just fin e. 
Now to insta ll it. 

Navigator wa nts yo u to shut down 
everything, including the Intern et co n-

ZIP fil e, I can' t find it. The result was that 
I saw a fil e ca ll ed wcmd211.zip in my 
D:\TEMP directory. I knew it was there 
because I went out to Windows and looked 
to see that it was in the directory. Unfor­
tunately, when I went looking for the file 
later, it wasn't there. Gone. Vanished. And 
I hadn ' t insta ll ed a thing. 

Back to sharewa re .com. Download 
again. This time, when I saw wcmd21 l.zip 
appear in th e directory, I used Norton 
Commander to copy it to another direc­
tory. I told WinZip to run the install.exe 
fil e that was included in the ZIP directory. 
The installation went smoothly. 

Wind ows Command er works, a nd 
whi le it's no t Norton Commander, it 's 
pretty good . There are even some features 
th e o riginal didn ' t have .However, I still 
li ke the loo k a nd feel of Norton Com­
mander. I keep hoping Symantec will up­

Don't we all love smart programs that know 

what you want better than you do? 

nection, while you install its upgrade, after 
which it wants to get back on the Internet 
to call home, report what you've done, and 
downl oad so me more parts. It also offers 
you all kinds o f options for plug-ins and 
accessories. The process is pretty straight­
forward unl ess you want to pay for th e 
upgrade; to do that, you have to fill out a 
screen form, and part of the fo rm is off the 
bottom o f the screen. The "CONTINUE" 
button is on the top of the screen, and there 
is absolutely no indication that you haven't 
fill ed everything out. I tried to pay three 
times befo re I figured out th at I had to 
scroll th e screen. 

Eve ntu all y I had Netscape Navigator 
Gold 3.0 install ed, and I have to say it's 
pretty snappy. 

Next thing was to find Windows Com­
mander. I remembered that one reader had 
given me site addresses, and I was able to 
find that e-mail in my archive. One site is 
http: //www.shareware.com, and it's very 
much worth knowing abo ut, being an 
enormo us co ll ecti o n of Mac, DOS, and 
Windows 3.x, 95, and NT freeware and 
sharewa re. It includes Windows Com­
mander, which is a 600-KB ZIP file. 

N avigator Gold 3.0 comes with a bunch 
of plug-ins and links, and one of those con­
nects to Win Zip, a wonderfu l utility that 
essentially automates ZIP operations. Alas, 
when Navigator downloads a ZIP fil e, it 
invokes Win Zip, which is a viewer. If it has 
any provision for just saving the blasted 

grade it to Win 95, but until th en, I plan to 
send in my shareware fee and keep Win­
dows Co mmander. 

Meanwhile, by gollies, altho ugh I had 
seen wcmd211.zip in my D: \TEMP direc­
tory, it isn' t there now. On the other hand, 
the copy I made into a no ther directory 
seems to be intact. On the gripping hand, 
I don't really need it since the installation 
program put the expanded files it contains 
into the appropriate places, and everything 
works. 

I supp ose th ere's so me explanation of 
the interacti on betwee n Netscape Navi ­
gator Gold 3.0 and WinZip, but I can't find 
it. Be wary. Just because yo u think you 
downloaded a file and wanted to keep it 
doesn't mean it will stay around. Don'twe 
all love smart programs that know what 
you want better than you do? 

Meanwhile, if you spend a lot of time 
on the Net, yo u may find Starfish Inter­
net Utilities a good investment. One fea­
ture, the InternetMeter, which keeps track 
of your on-line time and charges, is more 
usefu l to those who don' t have flat-rate 
connect services; of course, nearly every­
one has flat rate now. Still, it may be worth­
while knowing just how much time you're 
wasting. 

The most useful feature is QuickMarks, 
which keeps trac k of yo ur bookma rks 
regardless of which browser you're using, 
even if you frequently change from Net­
scape Navigator to Microsoft Intern et 

http:http://www.shareware.com
http:shareware.com
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Explorer and back. QuickMarks allows 
you to organize and sort bookmarks so 
they're easier to find, and has a search fea­
ture in case you lose track of them. If you 
spend much time at all playing with the 
Internet, you' ll accumulate a lot of book­
marks, and QuickMarks is the easiest way 
I know to organize them. 

Granted, there are shareware versions 
of most features of Starfish Internet Utili­
ties, but Starfish integrates them well, and 
th e bookmark utility alone is well worth 
the program's price. 

Isaid earlier th at 1' d get back to 05/2 . I 
keep hoping IBM will do something with 

it, but I doubt they will. 05/2 has the poten­
tial to be a rival to both Win 95 and NT. 
IBM beli eves in solid code, understands 
servers very well, and used to understand 
marketing, particularly in corporate set­
tings. They were never fa mous for mass 
marketing, but they sold a lot of IBM PCs 
and still sell ThinkPads as fast as they can 
make them. 

Once upon a time, it was the in thing to 
bash Big Blue, and some people wanted to 
be admired as courageous for doing it, 
although I never quite und erstood why. I 
started with the opposite bias : back in the 
1950s, IBM gave the University of Wash­
ington an IBM 650. They offered free pro­
gramming lessons to any graduate student 
willing to go downto wn to IBM head­
quarters and take the classes. I jumped at 
the chance, and for many years after, to me 
a computer meant IBM; I knew in a vague 
sort of way that IBM had rivals, but I doubt 
I could have named them. 

They're still at the top in the server mar­
ket, and they have server software for 
everything from desktops to the largest 
mainframes. They still have some of the 
best programmers in the world. They still 
have enormous resources. 

What they don'tseem to have is the abil­
ity to form strategic alliances with any­
one but potential competitors. 

Suppose they could do it. In particular, 
suppose they do whatever it takes to 
induce Corel to bring out the WordPerfect 
Suite for Merlin, it launches at the same 
time as Merlin SMP, and suddenly you can 
buy an OS, an applications suite, and great 
server software in one package, all inte­
grated and simple to install in all IBM desk­
tops and laptops. I think there would be 
quite a significant impact on the industry. 

It's not eve n that hard to do . There 
won't be 05/2 support for Win 95 binary 
code, but IBM has written and published 
nearly all theAP!s to let you recompile your 
source code. The only APis that aren't out 
there deal with registry tweaking and secu­
rity. Registry tweaking isn't nearly as good 
an idea as Microsoft thought it would be­
I certainly would prefer editable ASCII INI 
files to registry arcana- and there's not a 
lot of security in Win 95 applications to 
begin with. 

Alas, it's unlikely that IBM will go out 
and woo applications publishers, or learn 
how to market the result if they do, but it 
could happen, and it would be a very good 
thing for us all. 

The CD-ROM of th e month is DK Mul­
timedia's Dinosaur Hunter. It's about 

what you'd expect, a trip through a virtual 
museum fu ll of dinosaurs, and, of course, 
the CD-ROM can have a larger collection 
than any real museum. 

Packaging CD-ROMs is a bit of a prob­
lem. The CD-ROM itself is small and thin 
and, like any CD, vulnerable to shoplifters 
in retail stores. On the other hand, if you 
put it into a bulky package, people expect 
more than just a CD for their money. 

DK Multimedia's approach with Dino­
saur Hunter is to give you a big heavy box 

PRODUCT INFORMATION 

Dinosaur Hunter about $30 
OK Multimedia 
New York, NY 
(800) 206-5713 
(212) 213-4800 
fax : (212) 213-5240 
http://www.dk.com 
Circle 1015 on Inquiry Card. 

DiskMapper $49.95 
Micro Logic Corp. 
Hackensack, NJ 
(800) 342-5930 
(201) 342-6518 
fax: (201) 342-0370 

http://www.miclog.com 
Circle 1016 on Inquiry Card. 

Drag and File for Windows 
95/NT $35 
Canyon Software 
San Rafael, CA 
(800) 280-3691 
(415) 453- 9779 
fax: (415) 453-6195 
http://www.canyonsw.com 
Circle 1017 on Inquiry Card. 

Starfish Internet 
Utilities $69.95 
Starfish Software 

Scotts Valley, CA 
(888) 782-7347 
(408) 439-0942 
fax: (408) 461-5900 
http://www.starfishsoftware.com 
Circle 1018 on Inquiry Card. 

Vopt 5.11 $59.95 
Golden Bow Systems, Inc. 
San Diego, CA 
(800) 284-3269 
(619) 298-9349 
fax : (619) 298-9950 
75471 , 1007@compuserve.com 
Circle 1019 on Inquiry Card. 

with the Dinosaur Hunter CD-ROM, the 
EarthLink Total Access CD-ROM, a pass­
word to an Internet dinosaur information 
site, a pocket-size color handbook with 
at least as much information as there is on 
the CD-ROM, and a cardboard dinosaur­
bones model that, if assembled, looks like 
it would be about 3 feet high. 

Nothing really spectacular here, but if 
you know of a kid who likes dinosaurs, this 
ought to be just right for Christmas. 

The book of th e month is Dave Barry 
in Cyberspace (Crown, ISBN0-517-59575­
3). Fair warning: Dave is a Chaos Manor 
fan; see page 4. If you like his sty le of 
humor and you read BYTE, you will love 
this book. I'm not making this up. 

The computer book of the month is by 
Robert Orfali et al, The Essential Client/ 
Server Survival Guide (Wiley, ISBN 0-471­
15325-7) . This book has more than you 
wanted to know about client/server and 
presents it interestingl y. NetBIOS, Net­
BEUI, pipes, stacks, databases, why you 
need to know about client/server; it's all 
here, and as intranets become more impor­
tant, you'll find out you really did want 
to know all that and more, you just didn't 
know you needed to know it. Readable as 
well as being a good reference for a few 
more years. 

The question I most often get both in 
person and by mail is "How do I get your 
job?" I've taken a stab at answering it, but 
it came out so long you' ll have to look at 
http ://www. byte.com to read it. While 
you're there, you can find some thoughts 
on "mush pad" pointing devices-my new 
Nimantics Orion 6x laptop has a mush­
pad, so I'm having to get used to it-and 
a few other things I didn't have room for 
in the column. 

Meanwhile, in the pipeline is David 
Em's report (with my comments) on high­
end graphics cards; text to speech; a nifty 
program for translation of documents to 
or from German, Spanish, and French; 
more on Partition Magic and System Com­
mander; and the usual problems that crop 
up at Chaos Manor. [ii 

jerry Pournelle is a science fiction writer and 

BYTE's seniorcontributingeditor. You can write 

to Jerry c/o BYTE, One Phoenix Mill Lane, Peter­

borough, NH 0345 8. Please include a self­

addressed, stamped envelope and put your 

address on the letter as well as on the envelope. 

Due to the high volume ofletters, j erry cannot 

guarantee a personal reply. You can also contact 

him on the Internet or BJXat jerryp@bix.com. 
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With so many web sites popping up today. its hard to know w hich ones Net the best 

results. Especially if you're an advertiser looking to reach key Information Technology prospects. 

Fortunately. the answer is close at hand. Its ca lled The BYTE Site, and more computing 

influencers w orldw ide call it "home" than just about any address on the Web. 

The BYTE Site is the on line version of BYTE magazine, the worldw ide technical authority 

for computing experts. That means its chockfull of insights and information about the IT market 

from products to applications to trends. On The BYTE Site, visitors can instantly access every BYTE 

article published since 1993 through the BYTE Archive. Read all about the newest products and 

technologies in our Virtual Press Room. Share viewpoints w ith BYTE editors worldwide by on-site 

Email. Even dow nload industry standard CPU test sui tes from our BYTEMarks benchmark service. 

With features like these, its no wonder The BYTE Site logged nearly I 50,000 visits this 

past January alone, and posted an overall repeat 

visit rate of 4 I%. Not surprisingly. its become Iequally popular among advertisers. Thats because 

The Byte Site offers such interactive marketing options as hot-linked AD-Action buttons to showcase 

product information, catalog listings and data sheets. Plus our Virtual Press Room w here users can 

access the latest press releases from your company. 

To learn more about The BYTE Site, call John Griffin, VP/Publisher at 603 .924.2663. Or 

find him on The BYTE Site at http://www.byte.com. You' ll discover reaching computing influencers 

worldw ide is easy once you know where they live. 

gz 
A Di11ision ofTheMcGraw-Hill Companies 

THE GLOBAL AUTHORITY FOR (OMPUTING TECHNOLOGY. 

http:http://www.byte.com
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If coupon is missing, write to: Computer Professionals' Book Society 

A Division of The McGraw-Hill Companies, P.O. Box 549, Blacklick, OH 43004-9918 
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BUYER'S 
GUIDE 
Essential Products 
and Services for 
Technology Experts 

Mail Order 
Top mail-order vendors offer the 

latest hardware and software products at 

the best prices. Page 166 

Hardware/Software 
Showcase 
Your full-color guide to in-demand 

hardware and software products, catego­

rized for quick access. Page 182 

Buyer's Mart 
The BYTE classified directory of 

computer products and services, 

by subject so you can easily locate 

the right product. Page 188 
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FreeHand Graphics Studio V7.O Five-in-one message center 
for Windows 95 and NT FaxWHY 

The studio includes everything you 
need to create dynamic graphics using 
bitmaps, fonts, vecl:ors and 3D models: 
FreeHand V7.0, the leading t.ool for 
design, illustration and page layout; 
Macromedia xRes for fast, high-res image 

+ 14.4K bps high-speed faxmodem 

Printer* 
+ True 600 x 600 dpi laser outputPAY + 6 ppm print speed + Includes 
bi-directional parallel cable 

Copier 
+ Multi-copying with sortingRETAIL? 
Scanner* 

editing and creation; Extreme 3D for fast 3D modeling, + 400 x 400 dpi (interpolated) 
animation and photorealistic rendering; and Fontographer, + Up to 8 ppm scanning speed 
the industry standard for type design. PC fax*cow·9etts

Upgrade .................................. $183.45 CDW 75581 	 + Send faxes directly from your PC 


Full version ......................... . ...$399.03 CDW 66270 
 Forlessr MFC-6550mc fax/multi-function .......$999 • 99 CDW 71071

FreeHandV7.0 upgrade .......... . $137.62 CDW 75578 


... $378.90 CDW75577 

:!ijef,ll •l;l :J! :(,.J 4;[•l •l1l'iiJ 
Adobe PageMakerV6.0 WIN 3.5/CD ... . ... .. .... 547.74 
 cmll 
Adobe PageMakerV6.0WIN upg 3.5/CD ........ .. .. 132.8 1 
 lntranetWare IS NetWare V4.11 and more! 

Adobe Pholoshop V3.0.5 WIN 3.SICO ................. 545.78 

Adobe PhotoshopV3.0 .5 WIN upg ...................... 159.55 
 ~~~/lh~~r~..~.~~~~-~~~ ... ...... ................................... 348.73 

Arcada Backup for Windows 95 .................. .... .. ..... 58 .52 
 10-userCO ................................................................ 619.49 


Caere OmniPage Pro V7.0 WIN95 vers upg ....... 113.65 
 25-userCO ....................................................... .......1029.24 

50-user CO .............................................................. 1345.66


Claris Fi1eMaker Pro VJ.O WtN195/NT CD ...........176.80 
 100-user CO ............................................................1881.08 

Corel WEB.GRAPHICS Suite WIN/95/NT ...........186.35 
 250-user CO ............................................................3349.95 

Corel WordPerfect Suite V7.0 WIN95 CD ............ 241.34 
 lntranetWare 

5-userCO .................................................................. 757.00
Corel WordPerfect SuiteV7.0WIN95 upg 3.5/C0 .. 133.70 10-user CO ................................................ .............. 1413.71 

Coret WordPerfect Suite V7.0 WIN95 upg CD ....... . 89 .87 
 25-userCD .. ........... ................................................. 2484.35 

Corel WordPerfect Suite W IN 3.SJCD ... . ........ .. . 272 .17 
 50-userCD ......... .............. ............................... .... .. 33~0.05 


GroupWlso V5.0 
5-userCD ............................................................ ..... 487.85
Corel WordPerfect Suite W IN CD ... ............... 239.95 


Corel WordPerfect Suite W IN upg 3.5/CO ............ 133. 70 
 10-userCO. . .. ...................... ..... 959.82 

Corel WordPerfect Suite W IN upg CD ... .. ... ... ... .. .. .. 01 .77 
 25-userCD .... ........... .................................. ............ . 2339.69 

CorelDRAW! V6.0 WIN95 CD ............................. 421. 73 
 50-userCO ................ ........... ................................... 4556.35 


100-user CD ........................ ....... ...................... 8916.25 

Oatastorm Procomm Plus V3.0 WIN/95 .............. 11 9. 78 
 ManageWlse V2.1 

Oalastorm Procomm Plus V3.0 WIN/95 CO ... ..... 123.56 
 5-userCD . ................................................................ 539.4 0 

Oelrina WinFAX PROV7.0 WIN95 ... ... . .. ......... ...... 77.35 
 10-userCO ....................................................... ......... 893.86 


25-userCD .............................................................. 1349.81 

LAN WorkPlaco V5.0 

Helix Hurricane V2 .0 WIN/95 .............. .. ...... ... .. ... . 43.30 

Oelrina WinFAX PRO V7.0 WIN95 CD ................... 76.04 


Slngle-usor CD .......................................................... 169.52 

Intuit QuickBooks V4.0 WJN .................................. 95. 70 
 10-userCO .............................................................. 1345.99 

Intuit Quicken Deluxe VS.O WIN CD ...... .......... .... 59.99 
 100-user CD ............................................... ...4678.57 


Lotus 1-2-3VS.OWIN ........................ ................... 295.75 
 ltllicrosofl 
Lotus 1-2-3 vs.a WIN spec upg ............................ 93 .15 
 BackOffice Sorvor V2.0 
Lotus cc:Mail Mobile V6.0 WIN ..... .......... .. .... .. ..... 126.00 Version upg CD .........................................................693 .55 


Comp upg CD . ..... .... .............................................. 1593.10

Lotus SmartSuile 96 W IN95 upg CO ................... 138.72 
 Full version CD... .. ............................................... 1949.14 

McAfee VirusScan V2.0 WIN95 ................ ... .. ...... . 44.25 
 5-clicnt license...... . ........ ........................... 1179.39 

McAfee VirusScan V2.2 WIN ..................... ............ 44.14 
 20-dienl ncense .................... .. ..... .... ....................... 3699 .67 


Windows NT Server VJ.51 
Network Value Pack wllnlernet lnro Server ..............889.15 
Microcom Carbon Copy V3.0 WIN95 ........... .......... 87 .46 


Microsoft Access V2.0 WIN ........ ......................... 298.04 
 Single-client license .................................................... 38.13 

Microsoft Bookshelf WIN95 CO .. .. ........ .. ..45.26 
 20-<::licnl license pack ................................................503.27 

Microsoft Encarta '96 World Atlas W IN95 CO ....... 45.26 
 Windows NT Server V4.0 

Upg + 5-client license CD .. . ............ 377.16 
Microsoft Encarta Encyclopedia 1996 WIN CO .... .45.26 

Microsoft Excel V5.0 WIN comp upg ................... 114.98 

Microsoft FrontPage V1.1 WlN95 .. .... .................. 137.34 

Microsoft MS-DOS V6.22 upg ..............................49 .88 

Microsoft Office Pro V4.3 W IN ................. .... .. ... .. . 535.47 

Microsoft Office Pro V4.3 W IN license . ... ... .. ........ 458.68 

Microsoft Office Prow/Access WIN95 upg ...... .. .314.50 


Version upg CO ........................................................ 133.53 

Microsoft Office Pro WIN95 CO w/Bkshelf . ..... ... 544.30 

Microsoft Office Pro W IN95 upg CO w/Bkshelf ... 317.41 ~~p~~i~~t~~:::................ :::::::::::::::::::::::::::::::::::::~:~ :~5 


Microsoft SQL SorvorV6.5Microsoft Office Sid WIN95 .................. .. .. ... ... .... . 454.43 

Server+ 5-clicnl llcenso CD . .. ............................... 1239.19 

Server+ 10-cilont license CD ................................. 1761.65 
Microsoft Office Std WIN95 CD .......................... . 453.30 


Microsoft Office Std WIN95 upg ....................... .. 223.97 
 Server + 25-cilent license CO ........................... ...3521.72 

Microsoft Office Std WlN95 upg CO .. .. .. ....... ..... 226.13 
 5-clienl Ucenso .......................................................... 659.18 


Microsoft Office V4.2 WIN ......... ............ ...... ... ...... 449.03 
 20-dient license ............................................ 2084 .26 
Microsoft Systems Mgmt Server V1 .1 

Microsoft Office V4.2 WIN upg ............................. 268.36 
 SMS Server CO ..................................... . ...... 579.18 

Microsoft Plus! W IN95 CD ........................... .. ........ 45.46 
 SMS Server upg CD ................................................. 583.18 

Microsoft Project V4.0 W IN ... ............................... 41 9.34 
 Slngle-ciienl license ..................48.50 


20-dient license ..................... .............................. ... 716.04 

Microsoft Publisher CO Deluxe WIN95 ............ ...... 89.29 
 Microsoft SNA ServerV2.11 
Microsoft Windows 95 ............................ .............. 183.47 SNA Server CD ...................... ......... ....................... 359 .59 

Microsoft Windows 95 upg ...................... ..... .. .... .. .04 .77 
 Single-dient licenso .... . . .......................... ...... ....... 55. 77 


20-dient license pack ................. .............. .. .............. 861.40 

Microsoft Exchange V4.0 Microsoft Windows 95 upg CO ...... ......... ............... 84 .77 


Microsoft Windows V3.11 ...... ............................... . 02.06 
 5-dient license.... . .................. .. ... 323.91 

Microsoft Windows V3.11 license .......... ... .. ... .... .. 78.51 
 20-ciient license ............................... ...................... 1018.74 

Microsoft Word V6.0 W IN upg .... ... .. .. .. ... .... .. ........ 114.98 
 Microsoft Exchange Server V4.0 

Server+ 5-cllent license CO .......... ..889.70
Microsoft Word V7.0 WIN95 upg .... .. .. ................. 55.75 
 Server+ 10-cllent license CO ............................... .. 1210.70 

Microsoft Works V3.0 WIN ... . ... .. ..... ............ 45.46 
 Server+ 25-cllont Uconse CO .............................. .. 1928.12 
Microsoft Works WIN95 .......................... ..... ... .... .. 45.46 
MS Visual Basic Pro V4.0 WIN/95/NT C0 ... ......... 443.49 
MS Visual Basic Pro V4.0 WlN/95/NT vers upg CD .. 86.33 3C900 EtherLlnk XL PCI 10BT ................................ 112.16 

MS Visual C++ Subscription WIN95 ............. ... .... 447 .93 
 •
3C900 EtherLlnk XL PCI 10BT 5-pack ......... ............ 604.30 


MS Windows NT Workstation V4.0 CD ... ....... .. ... .. 283.20 
 3C900 Ethernet XL PCI combo .................. 132.86 


MS Windows NT Workstation V4.0 upg CD.......... 133.53 
 ~g~gg ~~~~rEtite~~c~t°PC~8if&~r·::: ......... :: ::::~n:~~ 

NewSofl ViewOffice PowerSuile W IN C0 .... ........... 48.21 
 3C905 Fast EtherLlnk XL PCI 10/100BT 5-pack ...... 606.42 
Quark QuarkXPress V3.32 WIN ..................... ..... 594.57 OfficeConnect a-port hub ......................................... 149.94 


Stac ReachOul V6.0 WIN95 ......... ......... .. ............ 122.16 
 ~~~~r:inJ9ff~~~~~~ ;~~f~.~ :::::::::::::::::::::Jb?:~~ 
Symantec ACT! V2.0 WIN........... ........................ . 171.24 
 SuperStack. 11Hub24·port 10BT ....................... ....... 866.77 

Symantec Norton AntiVil"\Js V2 .0 W IN95 .. ... .......... 65.91 
 II Hub 12-port 100BT. .. .............. ....1832.42 


Symantec Norton AnliVil"\JS V3.0 DOS/WIN .... ....... 48.08 
 :: ~~Ji8roo6 ;~~i-·E·net :::::::::::::::::~:~~ :~~ 
Symantec Norton AntiVirus WtN95 ................. .. .. ... 72.14 
 II Swilch 1000 24-port Encl ................ 3115.96 

Symantec Norton AntiVirus W IN95 trade-up ..... ..... 33 .99 

Symantec Norton NT Tools V1.0 W IN NT CO ........ 45.32 
 [[ ~~~ciR26~Cft~··; ·2~·port:: .. ::::::: .: ::: ::J~~; :~; 

Nee d a 3Com LAN PC Card? Call CDW today! 
Symantec Norton Utilities V8.0 OOS/IAllN ............ 114.77 

Symantec Norton Utilities W IN95 ...................... .. 116.15 

Symantec Norton Utilities W IN95 trade-up .......... .. 55.16 
 AirMetro starterkit. ..... ~ ........................ 388.01 


Symantec pcANYWHERE V2.0 W IN .................... 119.21 
 6%~iv1:~s4rn~:>or1· ········ ·· ·· ·::::::::::::::::::::::::::::::::2:~:~i 
Symantec pcANYWHERE V5 .0 DOS ................... 121.17 

Symantec pcANYWHERE V7 .5 WIN95/NT upg ..... 81. 79 ~~~~~ ~n~~e:~~nrxon·paCk ·:::::::::::::::::::::: :: : ::: ~;~:~~

Paras hare 95 starter kit ............... . ...... ............... ........71.61
Symantec pcANYWHERE32V7.5 WIN95/NT ...... 131.24 
Symantec WinFAX PRO V4.0 WIN ........... .... .... ... .. . 78.14 
 BDCl=I 
Ventana Netscape Navigator V2.0 WIN ...... ... .. .... . 43.37 
 IOAT55 ISAIEISA Uo 2 serial 1 parallel ....................... 46.63 

Visio Technical V4 .1 W IN/95/NT .......... ........ .... ... .. 256.45 
 ~gg~~~~:~sa~~ i~-~rt··;oeiT ........ ::::::::::: : ::::::::: 2~;:~~

VisioV4 .0 WIN 3.5/CD ....................... ......... ..... .. .. 131.97 
 BOCAHUB-24 Plus 24-port 10BT ............................. 369.63 


Upg + . 
Comp 
Comp 

*Reqllircs WindOfUS V3. l, V3. I I or Wi ridows 95 

:1§1 i 1'ltJ ;\:ill!r-I Q; (.)•l iJ 'i f1 
C1111 S111111 Kodak DC20 Olgilal Science Camera ....................... 299.00 


Kodak OC40 Digital Science Camera ................ ...... . 599.0D 


CiscoPro CPA201 personal office ISDN ...................244 .71 
 ~i~~~~~~=~~~~~-~-~-~-:.~ ::::.::: :::::: :::::::::~:::~g
CiscoProCPA761 access router ISON ... . . . ...... . 477.16 
 Logltech Cordless MouseMan .. . . . .. ........ .......... 67.44

CiscoProCPA766 access router ISON .................... . 614 .74 
 Logitech TrackMan Marble ......................................... 83.23 

CiscoPro EtherSwitch 1200 25-port 10BT ............. . 3418 .88 
-· Logitech Track.Man Live! cordless pointer ................. 116.69 

CiscoPro EtherSwitch 1600 slack. system .............. 4047 .4'2 
 Logi tech Page Scan color scanner .... . ...... 217.32 

Microtck Pa geWlz compact scanner ........... ............... 98.17 
Microtek ScanMaker E3 color flatbed ....................... 309.26 

COMPAQ. 
Netelligent 10BT PCI controller ..... ......................... .103.25 

Netelligent 10/100BTX PCI controller ...................... 138.45 
 Microtek ScanMaker E6 std. color flatbed ......... ....... 556.12 


Play Snappy video still capture ................................ 195.97
Netelllgent 2000 8·port 10BT repeater ..................... 477.16 

Umax Vista-SSE SOHO scanner .............................. 31 1.15 
Netelligent 2000 16-port 10BT repeater ................... 553.34 

Umax Visla·S-1 2 scanner ................... ................... .. 759.05
Nelelllgent 5000 10/ lOOBTX 6-port switch ............1029.19 

Visioneer PaperPort Vx scanner ................ .. ......... .... 277.21 

Visionecr PaperPort ix scanner ........ .. .......... ............. 317. 44 


Netelligent 5012 101100BTX 12-port swllch ... ........ 3114.08 


infel 
EtherExpress PR0/10+ PCI combo .......................... 138.16 

EtherExpress PR0/10+ PCI combo 5-pack .............. 553.34 

EtherExpress PRO 100 PCL......... .... . .... .. ......131 .84 
 Mag lnnovlslon DX1595 PnP 15" .2amm ................. 349.28 

EtherExpress PRO 100 PCI 5-pack .................... ... ... 592.26 
 Mag lnnovislon DX1795 PnP 17" .26mm. . ...612 .61 

Mag lnnovislon DX1 5T 15" .26mm ............. ............ 394.49 
~~~~~;: rn~~Vx 1s~rc~~ns~a~g~~-~~~-: : :::: :::::: ::J~~~:~; Mag lnnovislon DX1 n 17" .26mm ..... .................... 702.05 

LANDesk Virus Protect V3 .01 1-serwr pack ........... . 806.15 
 Mag lnnovislon MXP17F 17" .26mm .......... ..............713.22 

LANOesk Virus Protect V3.01 4-server pack .......... 1605.17 
 Mag lnnovlslon MX21 F 21" .2Bmm .. ...................... 1531.16 

NetPortExpress PRO Enot Internal .......................... 261 .49 
 Magnavox CM2099 14" .2amm ................................ 248.84 

NetPorlExpress PRO Enet external ..... .............. 367.14 
 Magnavox CM201515" .28mm ................................ 299.87 


Magnavox CM1 215 15" .28mm ................................. 341 .37
SMC" Magnavox CM401a 17" .28mm ................... .............. 599.50 

EtherEZ ST 10BT hub.... . .•.............. 86.00 
 Magnavox 20CM64 20" .31mm ................................. 849.00 

ElherEZ aTC 10BT hub ............................ ........... .. . 151.97 
 NEC XV15+ 15" .28mm ............................................ 473.13 

ElherEZ 16TC 108T hub .......................................... 344. 12 
 NEC MSOO 15" .25mm ...................... ........ ....... ... ..... 478.81 

EtherEZ 10BT ISA .................... .................................. 92.03 
 NEC XV17+ 17" .2amm .. .799.84 
EtherEZ 1081 ISA 5-pack ........................................ 372.03 
 NEC XE2t 21" .28mm ........... .. ............................... 1682.67 

EtherPowor 10BT PCI .................. ......................... ...117.39 
 NEC XP21 21 " .28mm ............................................ 1943.57 

EtherPower 10/ 100BTX PCI. ................ .. ............... 139.36 
 Samsung 17GU 17" .2amm .. ........................... ........ 759.00 

TigcrStack 108T 12-port hub ............................... .... 499.02 

TigerStack 10BT 26-port hub ................ ... ............... 858.25 
 ~~YsMnu~u~~1s~~· 1;~~~p·:2smm :::::::::::::::::::::: ::~;:~~ 

Sony Mulliscan 15sm 15" PnP .25mm.................... . 469.90 
10/.f'i i•l ;f.\ r-I Sony Mutllscan 17srn 17" PnP .25mm ........... .......... 775.83 

Sony Multlscan 17se11 17" PnP .25mm. . ................. 976.41 

Sony Muttiscan 20sfll 20· PnP .30mm .................... 1637.63 
WoPv'MRf?s lM: ViewSonlc 15GSlll 15" .27mm. ..384.78 

Jumbo 350 350MB TBU Internal ............ ..................... 45.82 
 VlewSonlc 17GS 17" .27mm ................................ .. ...616.79

Jumbo 1400 1.3GB TBU Internal ... .......... 190.00 

T1000E aOOMB TBU external ................. .............. .. 189.15 
 Viewsonic Ga10 21· .25mm .................. ................ 1507.01 


Viewsonic P810 21· .25mm .......... ............ 1582. 36
iomega Viewsonic Pa1s 21" .25mm .................................... 1879.29 

Viewsonic PT610 21" .30mm ................... ........... .. . 1634.27 
Zip drive 100MB parallel ....... ................................... 199.95 


*Jl• J:C•l :I1M;!.p 5~,giv:s~~i~~:~~~~~-i~i~;~~i:::: :::·::::::::::::::::::::~5~ :~~ 
Dille Easy aOOMB Travan ox tern al. ....... 149.95 

Jaz dnve 1GB Internal SCSl-2 .... .............................. 399.95 

Jaz drive 1GB external SCSl-2 . . ......................... 499.95 
 ~~: ~~~~~~~~:3b~~~i.2MB·: · :::::::::::::::::: ::::::::: ~. :~ ::~ 

ATI Graphics Xpresslon ISA 2MB ........................... ...95 .41 

ATI Graphics Pro Turbo PCI 2MB ............... ......... .... 175.28


Jaz drive 1GB cartridge ......... .. ......... .................. .. ...... 99.95 


ll.. ATI Graphics Pro Turbo PC1 4MB ........................... 268.42 

SOT-5200 ODS-2 DAT lnternT........ ........................ 676.90 
 ATI Video Xpression PCI 2MB ............. ...... .............. 116.69 

SDT-5200 DDS-2 DAT external ... ..... ........................ 788.58 
 Diamond Steallh64 2120 PCI 1MB ............................. 75.11 

SOT-5000 DDS·2 DAT Internal ............ ........... ..........995 .48 
 Diamond Stoalth64 Video 3240XL PCI 2MB ............ 223. 72 
SOT-5000 OOS·2 OAT external. ..1003.37 Matrox Millennium PCI 2MB WRAM ........................ 182.31 

SOT-7000 ODS-2 OAT internal ............... ......... .......... 926.59 
 Matrox Millennium PCI 4MB WRAM ................ 252.29 


Matrox Mystique PCI 2MB WRAM ............................172.16
l!Als-· 
EZ135135MB IOE Internal ..................................... . 119.23 

EZ135 135MB SCSI external ............ .. ...................... 119.23 

EZ135 135MB external ... . ................................. 119.23 

EZ135 135MB cartridge ........................... ..................19.59 
 infel 
EZFlyer 230M8 SCSI external .................................. 291.47 
 lnlel OverOrivc OX4f75 ....................... .... .............. ...138.66 

EZFlyer 230MB external ................. ......... ...............291 .47 
 Intel DverOrive DX4/t00 ........... ....................... 178. 74 

EZFlyer 230MB cartridge .......... ..................... ....... ..... 29.39 
 Intel OverOrive Pentium 63MHz.. . ................. 138.66 


Intel OverOrive Pentium aJMHz ................................. 189.27
Ml!Si lWJi!f. 
:~~~I~~~~~~~~~~~ii~517~.'..~~~ ::~ 
Intel OverOrlve Pentium 150MHz upg for 5/90 .......... 319.20 
~~~n~tl~~ii~C~~ fo~~~n~O:~~~~'.~~- :::::::::::::::: ~:~:~~ Intel OverOrive Pentium 166MHz upg for 51100 ........ 456.23 


Connectlx Color QulckCam for Windows .......... ........222. 72 

EXP ax CD w/game port PCMCIA ..........................733.30 

EXP ax CD w/sound modulo PCMCIA. .................. 859.51 

Mlcrosolut!ons 4X CD para llel. . ....................... 219.87 

Microsolulions 6X CD wlsound parallel .. ........ ........ . 357 .76 
 3Com Elherlink lllC ..... .................................. .... ..... . 135.44 


3Com Etherllnk Ill 2a.8 Enet 10BT ..... ......................414 .30 


NEC 4x4 4X CO 4-disc changer internal ... ................ 99.00 

Microsolulions SX CD para llel ................. ................. 337.55 


Adaptec APA 1460 SCSl-2 ................. .... ....... ..........152.76 

NEC 4Xc 4X CD 7-disc changer external ................. 349.75 
 Hayes EZJadt V.34 33.6 w/fax. ...................225.38 

NEC 6Xi 6X CO internal..... . ............... . 243.82 
 IBM Ethernet adapter tOBT ........................ .......... ....126.24 

NEC 6Xe 6X CO external ...... . ........ ...................... 335.65 
 IBM 28.8 data/fax modem .... .... ..... ............................ 225.38 

NEC av ax CO Internal IDE ..... . .............................. 152.65 
 IBM Token Ring 16/4 .............. ........... ......... 297.53 

NEC axi ax CO internal SCSl-2 ............................... 32 3. 72 
 Megahertz 10BT Encl adapter w/XJACK .. ........... ....122.07 

NEC axe ax CD external scsr-2 .. ..... ... ......... ......... 449.51 Megahertz 28.8 V.34 data/fax w/ XJACK ......259.95 

Panasonic ~rtablc 4X CD SCSI .............................. 399.00 Megahertz 2a.a V.34 cellular wlXJACK ....................237.67 


~~~~Sta~:~gg 1~/!~a~~EiATAPi ..... ........... : ~;~:~: 
 Megahertz 28.6/Enet cellular w/XJACK .... ............... 318.58 

Megahertz 2a.B1Enot combo cellular w!XJACK .........342.44 


SunMoonStar ax CD portable ................................ 271.88 Megahertz All Points wireless ........................ ............ 454, 12 

Motorola Montana 28.a cellular. . ..................... 229.02 

New Media 2a.8 NetSurfer fax/modem ......... ............ 189.27 

New Media GAMEjammor game/sound. ...... 172.97 


Alps Desktop GlidePoint ....................... 66.86 

Alps GlldePolnt Windows 95 keyboard ........ ... ... ........ 95.58 
 Simple 14.4 modem+ voice .............. .................. ....... 64.08 


Slmple 28.a Communicator cellular . . ........... 176.43 

Simple 2a.a Communicator. . .............. ............. 208.53 


Calcomp Drawing Slate 116x9 w/pressure pen .... .... 195.34 

SMC ElherEZ 10BT .............. ........... ........ ................. 123.25 

Epson ActlonScannlng System 11. ............ .............. ...376.41 SMC ElhcrEZ combo .............. ................................ 166,75 

Epson ES1000C color scanner ...... .. .. ... ....... ............ 672.37 USR SportslerV.34 2a.a with DataVlew ................... 199.65 


~~~nm~h~~p~~1~/t~1°~~~~~~-~~'..~~-~.~.~~-~-~- :: J~;:~~ 

Epson ES1200C Pro color scanner. . .......1126.60 Xircom Ethernet 1081...... . ...... ................. 139.23 

Hewlett Packard ScanJet 4s .. ..................... ... .........198.41 Xircom Ethernet combo ................... ........................172.57 

Hewlett Packard ScanJet 4p ........................... .. ........ 499.90 Xircom Ethernet+modem 28.a 10BT ............ .......... .299.58 

Hewlett Packard ScanJet 4c .... .............................. .. 857.90 Xircom Ethernet+modem 2a.a combo ............ .......... 329.96 


cow• TELEPHONE If you find abetter price,HOURS 
call CDW®before you buy! 

Fax: 	 847-465-6800 liMlftllilllj 
800-959-4239 

http:SportslerV.34
http:ServerV2.11


••, WHY
MICROTEK 
Detter lmnges Through Innovation 

ScanMaker E3 
Affordable color 
flatbed scanning 

• 300 x 600 dpi optical, SETTLE
2400 dpi interpolated 
• Single-pass scanning 
• 8.5" x 13.5" scan area 
• 211-bit color • FOR LESS?Aclnptec $309.26 CDW 72264 
SCSI card and cable 
• Software included: Photolmpact SE*, 
Image Pals 2 Go, OmniPage L'l'D and ScanWizard 

ScanMaker E6 
• 600 x 1200 dpi opt ical resolution • 30-bi t color 

ScanMaker E6 Std. w/Photolmpact' $556,72 CDW 72263 

ScanMaker E6 Pro w/lull Photoshop $735.59 CDW 65671 

* Photolmpacl is a \Vi11dows .95 011 /y program. 

CDw® 

SERVICES YOU 

BETTER!™ 


CARRIES OVER 20,000 PRODUCTS IF YOU DON'T SEE I 

COMPUTERS 

TOSHIBA 
Salelllle & Sntelllte Pro Notebooks 
ltOCS 51100 SMB 810MB 11.3' dual ........ ....... 1579.28 
110CT 5/100 8MB 810MB 11 .3" activo ............. 2059.50 
410CS 5190 8MB 772MB 11.3" dual. ................. 2277.32 
410CDT 5190 BMB 772MB 11 .3" aclive 4X CD .2741 .54 
420CDS 5/100 8MB 810MB 11.3" dual 6X C0 .2149.63 
'120COT 51100 BMB 1.26GB 11 .3" ocUvo 6X CO ..... 2868.39 
Portege Notebooks 
610CT 5/90 8MB 720MB 9.5" activo ................ 2429.66 
620CT 5/100 BMB 1.2GB 10.4" aclivo ............ 2431.79 
650CT 51133 16MB 1.26GB 11 .3" aclive ........3965.11 
Tecra Notebooks 
SOOCS 51120 16MB 1.26GB 12.1" dual ............ 2949.28 
SOOCOT 51120 16MB 1.26GB 12.1' active 6X CO ... 4168.88 
720COT 51133 16MB 1.13GB 12.1· activo 6X co..... 4699.28 
730COT 51150 16MB 2GB 12. 1" active 6X CD.5689.75 

AST 
Ascentia Notebooks 

A415/12016MB 1GB 11 .3" dual BX CD..........2499.00 

A42 51120 16MB I GB 12. 1" active 6X CD ....... 3199.00 

J10 5175 BMB 500MB 10.4" dual ..................... 1661.88 

J20 5/100 8MB 540MB 11.3" dual .................... 1642.82 

J20 51 100 SMB 800MB 11 .3" dual .................... 1721.03 

J30 51 100 SMB BOOMB 10.4" dual .................... 1859.06 
J30 5/100 8MB eooMB 10.4" activo ................. 2139.88 
J50 51133 BMB BOOMS 10.4" activo ................. 2514.56 
P30 51100 8MB 800M8 11.3" dual 4X CO ...... . 2298.42 
P30 51100 8MB 1.2GB 11.3" dual 4X CD ....... 2488 .56 
P40 51120 16MB 1GB 11.3" activo 6X CO ..... 3287.93 
P40 51 12016M82.1GB 11 .3"activo6XCO .... 3751.44 
PSO 5/133 BMB BOOMS 11.3" activo 4X CD .....3367.72 
PSO 5/133 BMB 1.2GB 11.3" aciive 4X CD .....3647.10 
PSO 5/133 24MB lGB 12.1" active 6X CO ....... 3938.79 
PSO 51133 24MB 2.1GB 12.1" active 6X CO .... 4311 .36 
Advantage! Lifestyle Mini-towers 
9310 5/166 24MB 2.5G8 ax co ... . ..... ....... . 2199.00 
9312 5/166 24MB 2.SGB ex co ...... ............... 2299.00 
9315 51166 32MB 2.SGB ax co ... ......2399.00 
9316 51200 32MB 3GB ex CD ......................... 2699.00 
Advant.ogel 9300 Series Mini-towers 
9304 51 133 24MB 1.6G8 BX CO ... . ...... 1599.00 
9308 51166 24MB 2.5GB BX CD ... ... . ....... 1999.00 
9314 5/200 24MB 4GB ax CD ........ ................. 2499.00 
Bravo Desktops 
LC 5100 51100 SMB 630MB ............ ................. 1136.02 
LC 5100 51 100 16MB 1.2GB ..................... ....... 1221 .30 
LC S133 51 133 BMB 630MB ... . .... .. ... ........ 1267.74 
LC S133 51 133 16MB 1.2GB ....... .. .. ............... 1322.61 
LC 5166 51 166 16MB 1.2GB .......................... 1542.13 
MS 5100 51100 16MB 1.2GB ........................... 1257.32 
MS 5100 51 100 16MB 2. 1GB .. . ..........1368.09 
MS 5133 5/133 16MB 1.2G8 .. . ...... .... ..... ... 1389.25 
MS 5133 51133 16MB 2.1G8 .........................1501.03 
MS 5166 51166 16MB 2. 1GB 6X CO................ 1853.14 
B ravo Mini-towers 
MS·T 5100 51 100 16MB 1.2GB ... . ...... 1312.71 
MS·T 5100 51 100 16MB 2.1GB ... .................... 1423.49 
MS-T 5133 51133 16MB 1.2GB ....................... 1445.63 
MS·T S133 51 133 16MB 2.1GB ........................ 1556.41 

COMPAQ 
Annada Notebooks 

1120 5/100 SMB 810MB 10.4" dual .................. 1899.00 

11 20T 51100 SMB 810MB 10.4" active ......... .. ..2249.00 

4110 51100 BMB 810MB 11 .3" dual... . ....... 2499 .00 

41100 51100 aMB BIOMB 11.3" dual ............. 2899.00 

4120 51120 16MB 1.0BGB 11 .3" dual .. ............ 3099 .00 

4120T51120 16MB 1.0SGB 11.8" aclivc .......... 3749.00 

4130T51133 16MB 1.0BGB 11.8" acllve ... ....... 4449.0D 

LTE 5000 Serles Notebook s 

5000 5175 SMB 810MB 10.4" activo ... ... ........ ... 3648.77 

5100 5/90 8MB 810MB 10.4" aclive .. .... .. .. .. .. .. . 4032.97 

5100 5190 8MB 810MB 10.4" nc!ivo 2X CD .. ... 4417.17 

5150 51100 aMB 810MB 11.3" dual .. .. .. .. ... .... ... 2889.00 

5200 5/120 8MB 1.35GB 10.4" activo ........... ...4801.37 

5250 51120 16MB 810MB 10.4 " active ..... ........ 3649.00 

5280 5/120 16MB 1.35GB 11 .3" active ............ 4429.00 

5300 51133 16MB 1.35GB 12. 1" active ............ 4799.00 

5380 5/133 16MB 2. 16GB 12.1" active ............ 5789.00 


COMPUTERS 

COMPAQ 
Oeskpro 2000 Series Desktops 
5100/630 S/100 aMB 630MB... . .. .... 1119.00 
S10011200 51 100 BMB 1.2GB ........................... 1119.00 
5100/1200 51 100 16MB 1.2GB ......................... 1229 .00 
5 120/1200 51 120 8MB 1.2GB ................... ........ 1139.00 
5120/1200 5/120 16MB 1.2GB .................... .... 1239 .00 
513311200 51133 16MB 1.2GB .... .. ... .... 1389 .00 
5133.12500 51 133 16MB 2.5G8 .. ...................... . 1549 .00 
516611200 51 166 16MB 1.2GB .................. ....... 1639.00 
516612SOO 51 166 16MB 2.SGB ........................ 1799.00 
5200/2500 51200 32MB 2.5GB ......................... 2209.00 
6 180/1200/CD 61 180 16MB 1.2GB ax co ....... 2099.00 
6200/2500/CD 61200 16MB 2.5GB BX CO ....... 2599.00 
Oeskpro 2000 Serles Mini-lowers 
513312500/CO 51133 16MB 2.SGB ex CD.... ... 1769.00 
516612500/CD 5/166 32MB 2.SGB ex co ....... 2219.00 
6200/2500/CO 61200 32MB 2.SGB ex CD... .... 2749.00 
Oeskpro 4000 Serles Desktops 
5120/ 1080 51120 16MB 1.0SGB ...................... 1349.00 
5120/1620/LS 51120 16MB 1.62GB ................. 1529.00 
5133/10805113316MB 1.0BGB ....................... 1539.00 
5 13311620 51133 16MB 1.62GB ........ .............. 1629.00 
516611620 51 166 16MB 1.62GB..... .............. ...1879.00 
516612500/LS 51166 16MB 2.SGB ............... .... 2089.00 
6180/ 1620/CDS 61180 32MB l.62GB BX CO ... 2649.00 
620012500/LS/CDS 61200 32MB 2.5GB ex CD 2959 .00 
Deskpro 4000 Serlo s Mini-towers 
5 133.11620/LS 51 133 32MB 1.62GB ................. 1979.00 
5 16612500/COS 5/166 32MB 2.SGB BX CD .... 2479 .00 
Deskpro 6000 Serles Desktops 
516611080/COS 5/166 16MB 1.0SGB ax co ..2849.00 
516611080/COS 5/166 32MB l.08GB ax CD ..3109 .00 
5200/1080/COS 51200 32MB l.08GB ax CD ..3519.00 
6180/2 150/COS 6/180 32MB 2. ISGB BX CD ..3819.00 
6200/2150/COS 61200 32MB 2. I SGB BX CD ..3989.00 
6200/4200/PDS 61200 32MB 4.2GB PD-CD .... 4849.00 
Deskpro 6000 Series Mini-towers 
516612150/CDS 5/166 32MB 2. l SGB BX CO ..3519.00 
Presa rlo Desktops 
4 112 51120 16MB 1.BGB BX CD ....................1499.00 
4122 51 150 16MB 2.5GB BX CO ... . ....... 1899.00 
4402 51 133 16MB 1.6GB BX CD buill·in 15" monitor 1999.00 
Presario Mlnl·towors 
4704 51 133 16MB 1.GGB 6X CD ..................... 1699.00 
4712 5/166 24MB 2.5GB 6X CD .. . ..........2199.00 
6704 51166 24M8 2.SGB BX CD ...................... 2399.00 
8702 51 166 24MB 2.5GB BX CD ...................... 2499.00 
4716 51200 32MB 2.SGB ax CD ................... ...2799.00 
6708 51200 32MB 2.5GB ex co .. .. ............... ...2999.00 

ThinkPad Notebooks 
365ED 51100 BMB 540MB 10.4" dual 4X CD...1899.00 
365ED 51100 16MB 810MB 10.4" aclive 4X CD ......2539.28 
365X 5/120 BMB Bl OMB 10.4" aclivo .............. 2429.56 
36SX 5/133 BMB 1.08GB 11 .3" dual . . ... 2429.56 
365XO 5/100 8MB 8 10MB 10.4" dual 4X co....2241 .80 
36SXD 51120 BMB BIOMB 10.4" active 4X CD.2622.49 
365XO 5/120 BMB 1.0BGB 11 .3" dual 4X CD ... 2564.20 
365XO 51120 BMB 1.0BGB 10.4' active 4X CD .......2849.07 
365X0 51133 BMB 1.35GB 11.3" active 6X C0....... . 3393.72 
560 5/100 8MB e l OMB 11 .3' dual ............ ......... 2763.97 
560 51 120 aMB 8 10MB 12.1" active ................ ..3745.64 
560 5/133 BMB 1.0BGB 12.1" active .............4195.15 
760E 5/120 BMB B 1 OMB 12. 1" active ........... ...4462.26 
760E 5/120 BMB 1.2GB 12. 1" active ................. 4427.71 
760E 51133 16MB 1.0BGB 12.1" active ........... 5991.86 
760ED 51133 16MB 1.2GB 12. 1" aclive 4X CD .7104.62 
760ED 5/133 16MB 2.1GB 12. 1" aclivo 6X CD.6089.68 
760E 51150 16MB 2.1GB 12.1" aclive......... .... ..5595.83 
760EL 5/100 BMB e lOMB 11.3" dual ...... ......3206.62 
760ELD 51 100 BMB 810MB 12. 1" activo 4X CD.4599.82 
760EL 51120 BMB 8 10MB 11 .3" dual ............ .... 3399.51 
760EL 51 1208MB 1.0BGB 12. 1" aclivo.........4392.50 
760EL 511 20 8MB 1.35GB 11 .3" dual ................ 3489 .99 
760EL 51 133 16MB 1.0BGB 12. 1" activo ......... .. 5512.73 
760ELS/133 16MB 2.1GB 12. 1" aclive ............ 5123.84 
Apt111 a Series Desktops 
C32 51133 16MB 1.2GB 6X CD ....................... 1699.00 
C33 51133 16MB 1.6GB BX CD ....................... 1899.00 
C65 5/166 16MB 2G8 BX CD. .. ... . 2299.00 
C73 51200 16MB 2.5GB ax CD .................... ... 2649.00 
S64 51166 16MB 2.SGB BX CD........................ 2499.00 
866 5/166 16MB 3.2GB BX CD..................... ... 2649.00 
574 5/200 16MB 2.SGB BX CD ........................2799 .00 
578 51200 32MB 3.2GB BX CO........................ 3099.00 

Introducing 
a digital camera 
with full motion 
video and sound 
..t. 786x576resolution ..t. 24-bit 
color ..t. 7 recording modes 
..t. Includes SMB PC Card for up 
to 162 still images or 33 minutes 
of sound ..t. Includes color moni­
tor, adapters and cha rger, remote, 
batteries, software a nd more! 

$1iito3
11

:35hou:::t:~~e:6 
RDC-1 without LCD color monitor $1109.04 CDW 73687 

COMPUTERS 

Ill:M: 
~~~g ~~,J~s1~~~11:~~B 3 bays .. .................1739.91 

PC330 5/ 133 16MB 1.6GB 3 bays ............. ..... . 1855.01 

PC340 5/100 BMB 850MB 4 bays .................1139.29 

PC340 5/100 16MB 1.2GB 4 bays ................... 1423.98 

PC340 5/133 16MB 1.2GB 4 bays ................... 1619.95 

PC350 5/100 16MB l .2GB 5 bays ................... 1591.90 

PC3SO 51 133 16MB 1.2GB 5 bays ... ................ 1828.80 

PC350 5/133 16MB 1.6GB 5 bays ................... 1839.39 

PC350 51 133 16MB 1.GGB 5 bays 6X CO ... .... 2045.18 

PC350 5/166 l GMB 1.6GB 5 bays ................... 2146.32 


~~gg ~~rJos, ~~~k~:~Ge 5 bays ................... 1692.72 

PC700 5/133 16MB 1.2GB 5 bays ................... 1916.19 

PC700 51 166 16MB 1.2GB S bays ................... 2252.58 


NEC 
Versa Notebooks 
2400 51100 8MB BIOMB 11 .3" dual .................... 2199.00 
2400CO 5/100 BMB 1.0BGB 11.3" dual 6X CD..2699.00 
4200 51100 8MB BIOMB 10.4' aclive ................. 2999.00 
4230 51133 8MB 1.0BGB 10.4" activo 6X CD .... 3899.00 
6000H 5/100 16MB I .OBGB 11 .3" active 6X CO ..3999.00 
6010H 51133 16MB 1.08GB 11 .3" activ\'.l 6X C0 ..4599.00 
6030H 51 133 16MB 1.35GB 12.1" active 6X CO ........ 4999.00 
6030X 51 133 16MB 1.4~8~ ac1ive 6X CD ......5399.00 

INSl'RUMENTS 

Extensa Notebooks 
5 10 S/100 BMB 810MB 10.4" dual ............. ...... 1739.77 
570CO 5/100 BMB 8 10MB 11 .3" dual 6X CD.... 2222.43 
570COT 5/100 8MB 1.2GB 10.4" active 6X C0 2894.01 
TravelMate Notebooks 
TM5200 5/120 BMB L 2GB 11.3" active ........... 2736.42 
TM5300 51133 aMB 1.2GB 11 .3" active ....... .. . 2703.55 
TM6020 51120 BMB l.OBGB 11.3" active ........ .4002.76 
TM6030 51133 16MB 1.35GB 12.1" activo .... .. . 4797.36 
TM6050 51 150 16MB 1.35GB 12. 1' active ....... 5286.45 

(h~ ~!~.Z::6· 
Vectra 500 Serles Desktops 
510 51 120 BMB 1.2GB ...................................... 1147.11 
510CD 51120 16MB 1.28G8 6X CO ... .........1619.06 
Vectra 500 Serles Mini-lowers 
SlSCCx 51120 16MB 1.28GB 6X CD ...........1819.45 
SI SCO 51133 16MB 1.62GB 6X CD ........... ...... 1828.75 
51SMCx 51133 16MB 1.62GB 6X CD.............2064.29 
SlSMCx 51150 16MB 1.62GB 6X CD............... 2174.31 
S1SMCx 51 166 16MB 1.62GB 6X CD.•............. 2367.43 

IHITACHll 
E l OOD 51 100 BMB 810MB 11 .3" dual.. ... ..1999.00 
E133T 51133 16MB 8 10MB 11.3" dual...... .. .....2999.00 
M1 20T 51120 16MB 1GB 11.B" active 4X CD .. 3699.00 
M1 33T5/133 16MB 1GB ll .B"active6XCD ..4399.00 

PRINTERS 

ALPS 
MD-2010 color printer ............. ...... .................. .. .. 499 .00 
M0-4000 color p1inter/scanner... ...699. 00 

brothel'. 
HL·720 laser. .. ..........351 .81 

HL·730 laser ............................... .... ..... ............... 399.99 

MFC·19SOPlus 6·in·1 .. . ....... 499.99 

MFC-4550 5-in· l .......... . . ............. .. ................. 799.99 

MFC·G550mc 6-in· 1... . ......... ..... .... 999.99 


Canon· 
BJ.30 monochrome .. . .. ................. .... .....265.50 

BJC-70 ......................................................... .. .... 293.86 

BJC-2 10. . ...... ........................... 149.00 

BJC-240 .............................................................. 179.00 

BJC·6 10 . ............................................................. 366.24 

BJC-4 100. .. . .... ..................... 229.00 

BJC-4200 ............................. .. ... ......... .... ............. 279.00 

MulliPASS 800 multi-lunclion ................... ......... .499.00 

MultiPASS C2500 color mulli ·function ... ... ........ 599.00 


EPSON" 
APSOOO+ ............................................................. 216.01 

OFX5000+ ............................ ...................... 1387.25 

OFXBOOO.... ............................... ..................... ...2307 .92 

FXB70....... . . .... .... 289.45 

FX1 170 .. .. ..... 376.56 

L0870 ........ .... .. ........................ .... ......... ............. . 443.03 

L02070 ...... .... ..... ...... ........ ................................. . 383.04 

L02170 .......... ..... .. ... ....... ... .. ....................... .. ...... 599.00 

LX300 ........... . .......................................... ...... 165.41 

Stylus 1500 ...... . .................... ............ ...... ........... 995.00 

Stylus Color 200 .. .. ............... .... ............. .. .. ......... 179.00 

Stylus Color 500 .. .. . . ...... ............. ............ 279.00 

Stylus Color ll ..... .. .. 279.00 

Stylus Pro color .................... .... .... ............. ......... 379.00 

Stylus Pro XL color ..................... ........... ........... 1799.00 


PRINTERS 

(h~ ~!~.Z::6 

HP DeskJet 400 printer ...................................... 204.61 

HP DoskJet 340 portable Inkjet printer ............... 293.84 

HP DeskJel 682C color prinlor .......... ............ ..... 299.00 

HP DeskJet 820Cse color printer ..... ................ .. 399.00 

HP LascrJel SL Xtra printer. ............ ... .. .. ........... 479.00 

HP LaserJet SP printer ............ ........ .................. .796 .71 

HP OlticeJet Inkjet lax/copier/printer ... .......475.87 

HP OtliceJel 350 lnkjot mulli·lunction ..............549.00 


LEXM1\ RK . 

4039 10 Plus .................................................... 1037.81 

Jetprinter 1020... . ..... ..148 .15 

Jetprinler 2070 .................................................... 338.40 

OplraC .. . ............. 5913 .75 
Oplra E .. . ...... ...... .......... ..... .... 499.48 
Oplra LX+ . ...1849.57 
Optra N . . ...... .2688.22 
Optra A+ ......... ...... .............................. ......... ..... 1255.23 

Optra An+ ... ... . ............................. 1483.44 

Optra Rt+ ... . ... .. ............. ...... ......... 1483.44 


01\lDAli\: 
ML 184 Turbo .. . ..... ..228.28 

ML320 Turbo .... . ... ............. .. .. .. ......... 311.15 

ML321 Turbo ........ ....... ..................... .................. 445.72 

ML39S .......... ............ .......... .... ............ ........... .. ..1005.20 

ML520....... . ...... .. .. ...... .................. ... 381.94 
ML52 1.. . ................... ........ ........ 509.02 
ML590.... . ................................ .445.72 
ML59 1.. . . ......... ..................... 603.67 
Okipogo 4w... . . . .. .................... 299.00 
OL600o ... . .......399 .00 
OL610e .... .. .......................... ................. 497.33 
OLB10o............ .......................................... ........ 673.62 


BOCl=l 

WEBGUDEA 460 ISDN oxtornal .... ............... .... 284.66 

Pro 16 corporate 28.8 exlornal ... ....................364.20 

Vidoo Phone conferencing internal .. .. ..... ... ...318.82 


(J)H¥s 
ACCURA 366 V.34 internal w/lax ....... ...... .......... 141 .13 
ACCURA 36B V.34 external w/lax ... . ......149.36 
ACCURA 366 DSVO internal.. . ... . 168.17 
ACCUAA 366 OSVD cxlernal ............................. 184.51 
ACCUAA 366 V.34 voice internal .... ................. .. 158.77 
OPTIMA 366 Business Modem external ... .......236.48 

® MOTOROt.A 

BitSUAFR ISON adapler internal .............. ........ 263 .97 

BitSUAFR ISDN adapler oxlemal .. ........... ......... 263.63 

BitSUAFR Pro ISDN terminal adapter ............... 347.02 

ModomSURFR V.34 28.8 internal ... ................ ... 109.68 

ModemSURFR V.34 28.8 external.. . ......126.65 

OnlinoSURFR V.34 2a.e inlemal ..... ................. ..116.54 

OnlineSUAFR V.34 28.8 oxtomal ....................... 149.35 

VoiceSURFR V.34 28.8 internal .........................152.92 


I~. 
14.4 internal w/fax ... . ......................................... 66. 77 

14.4 Mini·tower w/fax .. . .. ............. ......81 .46 

V.34 28.8 lntemal w/Tax ...................................... 121.13 

V.34 28.8 MinHower w/tax ........ .......... ....... 139.95 


11l:t111bot1c11 
Sportster Series 
14.4 Internal w/fax 
V.34 28.8 inlernal w/lax 
V.34 28.8 oxtem al w/lax 
Voice V.34 28.8 internal w/lax . 
Voice V.34 28.8 external w/lax 
Winmodom V.34 28.B intnrnal w/fax. 
ISDN 12BK terminal adapter ............ .... ............. 297.91 
Courier Serles 
V.34 28.8 Internal w/fax ................................... ...238.90 

V.34 28.8 external w/tax .................... ................. 273.51 
I-modem ISON V.34 laxmodem in1emal ............ .4 11.61 
I-modem ISDN V.34 laxmodem external 

http:CD.4599.82
http:CD.6089.68
http:CD.7104.62
http:CD.2622.49
http:CD2959.00
http:CD.5689.75
http:CD.2741.54


COMPAQ 

Armada Notebooks 
Armada 1120CSTN P/100 8181 OMB .... $1850 
Armada1120CTFT P/100 B/810MB .... $2179 
Armada 4110CSTN P/100 B/810MB .... $2495 
Armada 4110DCSTN P/100 81810MB, CD $2850 
Armada 4110CTFT P/120 B/810MB .... $3685 
Armada 4130CTFT P/133 8/1GB ...... $4350 

LTE Notebooks 
5280 5/120 16/1350MB 11.31N TFT $4425 
5300 5/133 16/1350MB12.1 IN TFT . $4884 
5150 5/100 16/810MB 11 .31N CSFT. $2790 
5250 5/120 16/81 OMS 10.41N CTFT $3607 
5380 5/133 16/2160MB 121N TFT .. $5581 

Deskpro 2000 Systems 
2000 51109 s11 200Ms .. . ·erf\ . ...s.HS7 
2000 5/120 16/1200MB ... tu .. ~ 
2000 51133 1611200Ms . nRl~c · ~ 
2000 5/133 16/2500MB . f. u~ . ~ 

2000 5/166 1612500MB. DROP ·~ 
2000 5/200 32/2500MB .. , ..... ~ 
2000 6/200 1612500MB BXCD.....~ 

Deskpro 6000 Systems 
5/166 32MB 10BOCDS BXCD .. ·BIG .. $call 
5/200 32MB 1080CDS BXCD . ·PRICf· . $call 
61200 32MB 2150CDS BXCD. ·oonp·. $call 
6/200 32MB 2150PPD-CD ... llU .. $call 

32mb ram standard, business audio 
fast scsl hard drive Network controller, 

Vocalyst keyboard ECC memory. 

Servers 
Pentium 

120/150/1661200MHz
Prosignia 300 
Prosignia 500 Processors option Multlple 
Proliant 1500 processors, Netflex 
Pro liant 5000 controller, Arrey controller 

c.-:._ ••call us for 

Prosignia/Proliant 

H. drive,. memory 

& other Uj:!grades•• 

IBM 
Thinkpad 560 Models 
TPAD 560C 51100 8/810M8 DSTN . .$1 999 
TPAO 365C 5/100 8/810M8 Aclive .. . ... . ....$2285 

Thinkpad 365 Models 
TPAO 365X 5/100 8/810M8 OSTN . . . .. . .. $1999 
TPAD 365XO 5/100 8/810M8 CO DSTN . .. . ..$2285 
TPAO 365 5/100 8/810M8 TFT .. . .. $2371 
TPAD 365XO 5/120 8/1.0BGB CO OSTN . . . S2450 
TPAO 365XO 5/120 8/l.08G8 CO ACT .......$2918 

Thinkpad 760 Notebooks 
9647U3A 760LO 5/908/810M84 acl .......~ 
9546U3A 760EO 5/133 16M8/IG8 acl, cd . . .-Se;;1I" 
9546U38 760E 5/120 8/1.2G8 TFT .·BIG ......s+m" 
9546U4A 760E 5/133 16/I GB TFT . . . . .. . . ~ 
9546U3L 760E 5/120 8/1.2G8 TFT PR1Ct.-$4&tr 
9546U4H 760EL 5/133 16/TFT . ·· nRo·p ·~ 
9546U4F 760EL 5/1208/ TFT ..... . ~ 
9546USG 760EL 5/100 8/810M8 OSTN . . . ... ~ 

IBM Desktjop & Minitower 
IBM PC 340 PentiumI 
IBM PC 340 133/150/ 
IBM PC 360 166 MHz 
IBM PC 750 Pentium Pro 

**Choice of CD ROM, 
Sound 

TOSHIBA 

NOTEBOOKS 


T100CS Pfi5 8/8 10M8 Dual &:an . . .........$call 
T110CS P/100 8/810M8 Dual Scan . .Scali 
T420CDS P/100 8/810M8 Dual Scan CD.Sound .. . Scali 
T420COS P/100 8/810M8 Active, CD.Sound .. . . ..$call 
T500CS P/120 8/1.3G8 Dual Scan, Sound ......$call 
T500CDT P/120 8/1 .3GB Aclive, CD.Sound .. . ...$call 
T720CDT P/133 8/1 .3G8 Active, Sound,Modem ..$call 
T720CDT P/150 8/1 .3GB Acllve, Sound,Modem . . $call 

Hewlett Packard 
Printers 

DESKJET 1600C ...... $1279 
DESKJET1600CM .... ..... , . . . $1859 
DESKJET 340C . . $289 
DESKJET 400 . . . . . . . . . .. . . . ... . $199 
DESKJET 680C . . . .... . $289 
DESKJET 820CXL . . ... $479 
LASERJET 4MV. . .... $2690 
LASERJET 4V ........ , . . • . . .. $1840 
LASERJET 5 . . ..... $1249 
LASERJET 5L-FS .. .. . . . .......... $459 
LASERJET 5M . . . ..... , .. • ....... $1689 
LASERJET 5MP. . ..... $call 
LASERJET 5N . . . .... . • .. ' .... ... $call 
LASERJET 5SI. ....... , .. .. ...... $2665 
LASERJET 5S IMX ................ $3750 

HP Desktop & 

Minitower Systems 


Vectra 510 & 515 Pentium 
Vectra VA Series 133/166 
Vectra XM4 Series 180MHz 
Vectra XA Series & Pro 
Vectra UX Series 200MHz 

Netserver Le Pentium 
Netserver Lh & Lh2 133/166MHz 
Netserver Ls & Ls2 Pentium 
Netserver Lx, Lx2 Pro 
Netserver LXe 200MHz 

'*Call us for 

Price and Configuration*' 


NEC Notebook 

Special 


2400 P/tOO 8/810M8 . . .....$2099 
2400CD P/tOO 16/1.0BGB .... . .........$2573 
2405 P/tOO 8M8/8tOM8 .............$2079 
2405CO PIOO 8/1GB, CO, Sound,Dual Scan $2573 
4200 PIOO 8/8tOM8, Active ..........$2863 
4230 P/t33 8/810M8, Aclive, CO . . ..$3692 
6000H P/100 16/1.88GB TFT ...$3784 
6030H P13316M8/t .35GB CO, Active . .. . $4706 
6030X P13316M81.44G8CO ... . . . .. ...$5074 

*' Call us for 

latest prices & availabil ity*' 


Graphic Tablets 
& Art Pads 

Summa Graphics 
Summasketch Ill 12/12/10BTN . . . .. . . . $245 
Summaskelch Ill PRO 12/18/168T . . ... $459 
Summaskelch Ill 12x12 2BTN STYL . . . . $239 
Summasketch Ill 12x12 ~BTN . . . $242 
Summasketch Ill PRO 12x1B 4BTN ..... . . $460 
Summagrid IV 18x24 W/16 Button . .. . ... $928 
Summagrid IV 24x36 W/16 Button .... . . $1098 
Summagrid IV 44x60 W/16 Button ...... $1450 
Summagrid IV 36x48 W/16 Button . $1250 
Microgrid Ill 17x24M BTN HA ......... $1845 
Microgrid Ultra 24x36 16BTN . . ...... $2099 
Microgrid Ul lra 36x48 16BTN . . ........ $2498 
Microgrid Ullra 44x60 16BTN ... .. . .... $2898 

WACOM 
Artpad ll 4X5 Ultrapen PC.. $144 
Artpad ll 4X5 Ult rapen MAC .. . . . ....... $1 42 
Artpad ll 4x5 Dabbler PC w/Ullra . . ....... $166 
Artpadll 4x5 Dabbler MAC w/Ullra ....... $165 
Artpadll 4x5 Digitzer PC Smart . . . $168 
Artz II 6x8 w/Ullra Pen MAC . . . $499 
Artz II 12x12 w/Ullra Pen PC/MAC . ....... $425 
Artz II 12x18 w/Ullra Pen PC/MAC .. . . .... $640 
Artz II 12x18 w/Ull ra Pen SGI . . ...... . . . $799 
Artz II 12x18 Electr w/Ultra PC/MAC . $780 
Artz II 1Bx25 w/Ullra Pen PC or MAC .... $1790 

Adaptec SCSI Cards 
Total connect AVA-1515 kit .............. $81 
AHA·2940 hosl adapler kit ....... , , ..... $132 
PCI Master AHA-2940 kit ............... $223 
Slim SCSI APA·1460 . . . $151 

Recordable & 

Optical Hard Drives 


Recordable 
Pinnacle RCD 5040 (internal) .... .... ... . $824 
Pinnacle RCD 5040 (external) . . . . . . . ... $729 
Creative Lab Buster CDR-421 O .... . ..... $599 

Optical Hard Drive 
Pinnacle Vertex 2.6GB (internal). . . $1345 
PinnacleVertex 2.6GB (exlernal) ........ . $729 
Panasonic 650 rewritableoptical . . . $499 

NOVELL 
Red box 
Netwa re 3.12/4.1 5 users.. . . ... . $call 
Netware 3.12/4.1 10 users ...... .. $call 
Netware 3.12/4.1 25 users ........ $cal l 
Netware 3.1214.1 50 users.. $call 
Netware 3.12/4.1 100 users .. . . $call 
Netware 3.12/4.1 100 users .. ..... $call 

Upgrade Kit & White box 
Netware 3.12/4.1 5 users .. . $special 
Netware 3.12/4.1 10 users ..... $special 
Netware 3.12/4.1 25 users . $special 
Netware 3.12/4.1 50 users ..... $special 
Netware 3.12/4.1 100 users .... $special 
Netware 3.12/4.1 100 users .... $special 

" Best deals on all Novell products" 
"Limited Quantity" 

Hard Drives Special 
Quantum Ultra SCSl-3 2.1 GB . . . . . . . .. $402 
Seagate ST31621a 1.6GB IDE. . .... $223 
Seagate ST15230N 4.29GB SCSl-2 ........ $987 
Seagate ST410BON 9GB fast SCSl-2 ... . .. $1965 
SeagateST32550N 2.14GB fast SCSl-2... .. $734 

Computerlane Inc. 

Outside California: 1-800-526-3482 
Inside California: 818-884-8644 • Fax: 818-884-8253 

E-mail: ssolim01@sprynet.com or comlane@instanet.com 

7500Topanga Cyn Blvd., Canoga Park, CA 91303 


Hours: Monday- Friday 9-6, Saturday 10-5 


Circle 198 on Inquiry Card. 

Network Adapters 
& Hubs 

3com pci combo . . ......$137 
3com stacker II series 12 port 1Obase-T ...$505 
3com stacker II series 24 port 10base-T .. .$864 
3com3c905-TX fast etherlinkxi pci . . ....$137 
3com3c905-TX 5-pack . . .........$804 
Intel Express TX switching hub . . ......$call 
Intel 100base-TX stackable hub .......$call 

**We carry all kinds of hubs, 
routers, network cards, 

switches** 
" Call for updated prices" 

PCMCIA 

Products 


Xicompc ce210bt credit card adapler .....$136 

Xicom pc ce210bc credit ca rd adapter ....$171 

Xicom pc com·28bt modem+10-base-T ....$296 

Megahertz 28.B credit card modem .......$232 

Megahertz Ethernet XJACK XJ108C .......$149 

Megahertz Ethernet XJACK XJ1 OBT .......$106 

Megahertz Ethernet XJACK XJ10BT/020 ...$2150 


" Call for updated prices" 

MODEMS 
Hayes Accura 336 (external) . .......$139 

Hayes Accura 336 (inlernal) .............$120 

Hayes Accura 336 (external) .... . .. .....$239 

Hayes Accura 336 (internal) .............$224 

US Robotics 33.6k (internal) ......... ...$148 

US Robotics 33.6k (external) . . . . ......$167 

US Robotics 33.6k Win Modem ..........$109 


(' *also carry zoom, 
Motorola, Practical 

Call for updated prices** 

JAZ & ZIP DRIVES 
J"'1. 1GB Ext. SCSI PC/MAC Exil ..$459 

J"'1. MAC 1GB 5-Pak Cart.. . .... . . . .....$419 

J"'1. MAC 1GB Single Cart.. . .. .. ......$104 

JAZ PC 1GB 5-Pak Cart "I.I •••••$419 

J"'1. PC 1GB Single Cart . . . . ....$104 

ZIP PC 100MB Parallel! Port ..$call 

ZIP PC 1 OOMB Internal SCSI ... .:_; .. .. .$call 


COMPUTER LANE 

SPECIALS 


Microtek Scanmaker E6 30-bit scanner ....$539 
Creative Labs Bx multimedia package .....$305 
Microsolution backpack external Bx CD ....$339 
Mcafree Virusscan (latest version) ........$46 
Lotussmartsuite (latest version) .. ... ....$335 
Lotus 123 upgrade special . . . ... .$90 
Microsott Win NT 4.0 ......$282 
Microsott Win NT 4.0 Version Upgrade ....$139 
Microsott Product for Windows .........$139 
Microsott Works for 95 . . ........... . ..$46 

Academic Deals 
Save up to 70% 


on Microscoft Products 

Atn: Students/Teachers/ 


Education Institutes 
~ WIN NT 4.0 in stock 
~ MS Office Pro WIN 95 

Authorized Service & 
Parts Center for 

IBM, COMPAQ, TOSHIBA, 
HEWLETT PACKARD 

**'We carry all parts in stock*** 

mailto:comlane@instanet.com
mailto:ssolim01@sprynet.com


It's a clear-cut victory for the backpack 8000t, the fastest tape 

backup system in the fi eld. It has a big 8GB capac ity, and 

it's portable. This powerful drive transfers data at up to 

30MB per minute. That' s 3 times faster 

7i·a11.4rl's 1taw :1 
/i/11 1'8 /(18 / CI' //1a11 

ol/Jl'r porw111c:-1 . 

than you ' ll find elsew here. Using a single 

Travan TR-4 tape, backup your large 

hard drives in record time. But that's not all. Installation 

is a breeze. Plug the backpack 8000t into your printer f'/11{.!:-1 into nny .~ /.ilnrfarrl 

fl!'inlcr · pol'/. 8tw1·c rfa ta port and your printer into the backpack. There are no 
IJC/l\ 'CCll f)Ol'/ i1/Jlc.-1. 

expensive card options to deal w ith. llc8hlop.-1 uni/ ta1Jtu11:-1 . 

Then unplug and take it with you to backup data on 

other PCs. The backpack 8000t g ives great performance 

Soat-s up 1wic1· at a price well under external DAT drives. 
as m11c/1 rlala as 
a 'f'R-:f ril'iH>. Now that's what you call a w inner! 

Available through computer dealers . computer superstores. and mail order catalogs. Travan is a trademark of 3M 
Circ le 20 7 on Inquiry Card (RESELLERS: 208) . 

... 
~' 

80001 
Mic:ra5alut.ians 
The port•abWty Leade r. 

Ph: 800-295-1 214 (US and Canada) 
or 815-756-3411 , Fax: 815-756-2928 
Internet: www.micro-solutions .com 

http:www.micro-solutions.com


IBM PS/1, PS/2 MEMORY MODULES 
Ap!M300,500Stries 
Aptm700St1ies{p;iln) 
AplMAStries(piirs) 	

34159111!1.'219 
3415911191'l19 
34159111!1-'219 Compaq , IBM, Toshiba, Epson, AST, Tl and More!! 

* * CALL FOR NOTEBOOK ANO LAPTOP BATTERIES * * 
Compaq contura 400, 4Meg ...... .... ... .......... $4911 
 AptivaCSeries(EDO.pW) JM911W249 


Aptiva MSeries 3Cl!i911191219 
 AcerNole730·789-$129 
PC330 Uodels657HS76 3415911 191219 CompaqContura3/25, 4/25-$119.00 
PC 330 Modtl 65n (EDO. pil/1;) 39r.i9/\44/249 Compaq Conlura Aero - $109.00 

4 x 8-80 ..••. ... •......•. •.... •.. ...• .. ..• .. ..... ..•.. •. 29" 

39/5911 441249 

PCJS0Models6581-65B5 3415911191219 
4 x 8-70 ... •.. •...... •..•.•........•.......... ........ •. 39" 
 PC340(EDO.!Ylf$J 	 CompaqContura410, 420, 430-$109.DO 

Epson AttlonNole BOO , B66C, BBOC-$134.00 
PC35t1Model6587(EDO.palrs) 3915911441219 NEC Versa E. v - $119.00

Compaq 1Meg V-Ram Pl. No. 171017-001 .......19" 
 PC350 M~6S86(Piirs) 	 3415911191219 

Thinkpad 750, 720, 700, 360, 355 4Meg ........ . 39" 
 PCJ&O 44/6911291229 NEC Versa S-$11q.~~
PC730Models&87H876(palrs) 4916'1.'139J259 Toshlba610and400-Call1 x 1-80, 18 pin chip .................................. 2" 
 PC730 Model6877(EOO,pal1s) 391S9/144/219 

PC750 Models68SH886{palrs) 49/69/1391259 
 Toshiba 1900, 1910, 1950, 1960-$119.001 x 9-80 .............. ......... ..... .... .................. 9" 
 PC750 Mode!6887(EDO.pa1rs) 	 39159114412 19 Toshiba 2400 , 4700, 4800 , 4900-$119.DD 
PC5ervtr310(pa1rs) 	 4916911391259 Toshlba2100Serles-$121.DOCyrix DRX2, 16-32........... .... ... .................. 69" 
 PC5erverSOO(ECC,palrs) 591791119/249 

P/51,JOPlnSlmms 12139
NEC Versa, 4Meg ... ................... .......... ... ..49" 
 P~ 1, nP1ns1mms 	 49/1911W249 TOSHIBA LAPTOP MEMORY..P~2.55SX,6SSX ,.,,Panasonic 6500, 1Meg Module .... ..... ... ........14" 
 P/52.53.SJlS. 56, 57 	 MODEL AMT. UPGRADED MANU. PART I PRICE,.,9P/S2,95XP{ECC,pW) T1ct1 50Q,.1'65Q IM1"'5llllf/31'11tg/UM1"'ZIM11 llM3W-l:il/C1ll/tlll 
P~25eMr. 95, 195.295(ECC.palrs) 5917911191249 T1a1 lOD(SORAM) IM1,,,6Mtf/11M11 llttlU/419WinbookXP, 8Meg ....... ...... ... ........... ........ 59" 


'611/otAJIRin~M•morr 	 Trcnna.m 8M1,,,6Mtf/3ZM1tl$4M•f/11IM•1 llMSf/Ui~ll/tl/I 
T2000SXEl2200SXll1800, 1850. C 8Mto PC·PA2000U ~.00

Epson 650C, 4Meg .......... ..... ..... .. .. ...........39" 

1'2100.2105,2150.2155.2110,2115 4Mev/8Mfv/16Meg/24Meg 69189116~ 
mao.c.moo.moo. T1900.c. 11910. rnso{l.3 ¥) 4MeQ PC·PA2012U 69.00

TS38 Models - ALL - 4Meg ...... ......... .. ... ...... 39" 
 IBM NOTEBOOK & LAPTOP MEMORY 
moo. c.m.oo. moo. 11 900,c, m10. 119S013.3v) &Me; PC·PA2013U 79.00 
moo.C, H600.WOO,T1900, C, T1910. T1 950tJ.3¥) 16Meor.J2Meo PC·PA2014U 15"279

1Meg, 64Pin, AST SIMMS ... ....... ................. . 9" 
 H/ 109/189Thlnk.padJ.10,345.355,360,C, CE 
Thlnkpad36SC.CS,CO.E. EO 
Thi'lkpad36SX.365XO T3400CT.mOO.T3600 	 4~MeG/16~4Meg PC·PA2019U 89111911791ta~ 109/1891539 "'"' naa. 105, Ill. HS IMtf/1 6M11/.Jlll11 	 lff/IH::nr791109/2 19Thkl~500. 5 1 QCS 1'00. 405, 411. 415, m . m IMft/1611111.Jlll•I 	 llf/111.(Jlf 

llt/111'311 
CACHE MEMORY 1m:11m·M'l!H 109/1891539 

49/I091189379 ruocs.4oocor. noo. 1isu~ '"'"''"flfJt"''Thlnk~700. 720. 75tl. Cl.57SX12NS 15NS 20NS 	 25NS """"""" 1600. 610.CTEGO 8Me9/16Mf0/32Meo 	 ll!lllM19.., 256K(16Dpln)Plp11/111 S1rs1Clch1flod1/1 69/I0911691749T1Wl~701.701C 
491109/189"" 9.00 · ~ ... m.oa 	 Thi\kp«i730T. IE 

491109l179/'33932Kl8(3.3V) 14.00 512K(16Dp/11JPfp1//n1 BurslC"l11Mod1/1 	 Thinkplll755C.CE.CO.CS NOTEBOOK, LAPTOP MEMORY""' "'· "' "' ... 9911791'339~·1 11.00 9.00 SJf.00 	 Thm~760C.CD, l.lD 
11.00 "' 9.00 ... 109l189hl9 Thin-~760E.ED. El.ELD 
1500(5'1) 11.00(3.lV)~·· 1.... •oo 1.00 100 

256~!~~ri~1.~~t:r:,rr:/"''~"' 

~" 	 ssuo COMPAQ MEMORY MODULES21.00 24.00 
lbaSOJ _ 12.00 11.00 9.00 256K (160pmJlt/.i~Cml Modu/1 """ CallofSOJVetlkln 	 Dts~~ IO 486/25,33L. SOL 2MeOfBMrQ/3ZMto 391991249 

Dtskpro31251,33!.4/2SlS.661 2Meg/4MeOfBM!Q 39169189 
Dtsk11ro 386, 486 MSeries 2Meg/4MeOfBMto 39169189 

Dtskpro MSerles E.ip.inslon B<N1d OK (no memory) 119.00 


MEMORYffiRlllllAflft.£ 


Individual D·RAM Chips 
0tskl)ro4S0.4 100,575,590.5100,5133 4Mf0/8Mfg/16Meg/32Meg 34159/1191219 


50NS 50llS 70ICS IOllS 10011! 
 Dtskllro575.5120,51l1,515tl,5160(EDO, palrs) 4M!gl8MeGl'16Meg/32Meg :WS91139/249 
S.00 4.00 2.00 Z.00 Oetkpro 2000, 4000, 6000 Series (EOO, pairs) 4Meg/llMeg/16Meg/32MeQ 3415911391249 

19.00 19.00 11.IXI Oeskpro S/60M, 5166U. XE560 (quads) 2Megf4Megl!Meg/18MeWJ2Meg 39.'49.'~911 391239 
12.00 11.00 10.00 Deskpro Xl (1Nlrs) 4Mt~1Mc~"6Megl.)2Meg 3914916911391239 
7.2S 6.75 6.50 5.95 Oeskpro Xl 61S0,6200(ECC,pi!rs) 8Meg/l&Mtg.132MfO/&IMto. 128Mto 

9.~ Presarlo510.520,524.660.720, m,560 4Mtof!Meg/16Mql2Meo 341591109/219 "" 9.25 9.00 l95 Presarlo920.924,954,974,978,992 4Meg/!Mtg/16MeG1'32 Meg 341591109/21910.95 9.95 1.% 
Presarlo 833. 850. 560, U6 4M$1MI0-116Mw.J.2Mto 391641119123912.00 11.00 
Presarlo552B, 71 10, 7152 4Meg/8Meg.'16M~Meg J.4~91109/2 1 939.00 29.00 
PrnariO 7170, 71&0, 9S31i, 9~6. 9548, 9S64 fpalf1) 4Megl!MI0-11CMeor')2Mto 341591109/21939.00 

49.00 39.00 Presarlo9232,9234, 9240.925tl,9642,9660{pal11)4MeOIBMtgl16MrQ132Meo 341591109/219 
Prolilnt l0005160.2000.R,4000,R(quads) 4MeOIBMtl116Meg/32Meg 3~1191239 
ProlW1t1500. 1500A(pm) 4Meg/1Meg/16Mfor'32Mto 39.'IW/119/239Make Your 486 Run like a Pentium® Prolilnt4500, 4500A(qllids) 4Meg/8Meo/l~Mtg 39/6(/1 191239'599 

ProlW!l500D, 5000A(pUs) 32Meoi'64!1.e;.'128~ 


K1ngs1on TurboChip-3Xfas1u, lor486BasedOx2,ox.sx2. sx.. .. .•. ,.ONLY$135.00 Prc!M4fl5S.4133.4M 2Meol•Meol6Meo "' 
39/49.1i9 
Prolinu (tnlwad). Ml CMeg/8Meo/lr.Mtofl2Me\t 49.S12W229 
Prdinu575.590.5100.5120,5133 (palrs) CMeQ/8Meo/I~ 39.'6911191239 
Prr1Hnu 5100, 5120. 5111, 5150. 5166 (EDO ll&lnl 4Megl!Meg116MtQIJ2Meo 39.'69{1391259 

Outperformslntelovt1Clrtve Pentlum83 

ProlinY575E, 100E, 120£.575MXjpalrs) 4Megi1Meg/16Meo/32Meg 39.1i9111 9/239 

Prollnea59aMX.5120MX(palrs) 4Meg/!Moo/16Meof.12Meg 39'1i911 191239 


6DNS 70NS IONS 1DONS Prolinu61 50E.6 1 80E~palrs) 8Meg/16Meg/32Meg 6911191239 


SIMM MODULES (Add $5.00 for SIPP) 
256' 9 6.00 5.00 5.00 	 Proslgnb 300 5175, 5/90, So/120, So/15tl (p.i!rsl 4Megl!Meg/16MeG1'32Mtg 3916911191259 "" "" 16.00 13.00 13.00 Pmlgnb SOD 5!'30, 51120. S/15tl {Pairs) 4MfU111Meg/16Meg(J2Meg 391691119/2591~~ ~ rn~~*! 22.00 19.00 1(.()0 14,00 
4Meg• 9 41.00 39.00 39.00 
16Megx9(9chlp) 179.00 169.00 169.00 COMPAQ NOTEBOOK & 

72 PIN SIMMS (FPM, EDO) DIMMS (16Bpin) LAPTOP MEMORY 


APPLE60HS 70NS 80HS 	 Afrnadall20. T 11 911991Catl/Ci111
59.0025h361mg 19.00 19.00 19.00 Almidl 41 Q0, 41 10,4120,4130 

512J362mg 36.00 3'.00 34.00 "" '"" Coocelt04125. 43J111 .00 7!W9/169 
l ll'lf11•36 4 mo 44.00 39.00 39.00 "" CooM14125. C.CX 

"' h64 225.00 """ 449.00 791991169h3Umo 14-00 69.00 69.00 	 Coorura 400C, 400CX.410C, 41 0CX '""' """'" 1~~ 128Meo 	 1995.00m.oo 119.00 "" """ 036 16mg 119.00 	 Cootura420C, 420CX.430C,4JOCX 49/1911691239 
h3632mg 249.00 m.oo 244 00 ConturaAern4125,4133 W1.l/169 

OEll ,OP'TtPLEX, GXPR020016•36 64 mg 699.00 689.00 689.00 	 LTES000,5100.5200,5300 991 149/2661513 

~.00 29.00 LIEElite4140C.CX.4f75CX
I x324 mg 34.00 3.JV ECC,EDO .... 106.00 49/t9/179r.!49 

2•328mg 5'.00 49.00 49.00 3.3VECC.EOO 209.00 
4x 3216mg 109.00 104.00 104.00 3.3VECC.EDO 32MtO 329.00 
h3232mg 199.00 189.00 """ LASER PRINTER MEMORY UPGRADES189.00 3.JVECC.EOO 709.00 
16l3264mg 509.00 499.00 499.00 """ 	 ,... 2561 I 2 J l .5 4 5 6 I 16 32l d2 4 mQE00 36.00 	 29.00 29.00 OEU&GATEWAY 
2 x328mQED0 5'00 49.00 ..... J • .JVSORAM IM11 IH.00 .. .. 
4x3216mgEDO 1119.00 UM.00 UM.OD .J..JVSDRAM IDltf 1Df.OI .. 
h3232mgEDO 199.00 1159.00 189.00 .J..JVSDRAM .JZM11 uuo 	 ,; .." .. .. 

129 ,,;

ECC SIMMS .; '" "' 10 

173 
199 
 "' 

PentiumPro72Pln(lnslalllnpilrs)/SIMMS 	 " " "' 
178

16M!Q ........~ 159.00 64Meg ..... ......2349.00 	 " " "' "' 

32Meg ......~~......................................... 319.00 128MrQ ............................ ................ 4628.00 HP.J,3D.:JP, 1PZP• .. ..
" " ltP4.4M.451,4SIMX 59 

HP4P, 4PlUS. 4MPm 1roo. 1WXM - 19 49AST MEMORY 	 " HP4L ~ " 	 "" .. "914 " " 19 .. " 12< " " ,. " " "' 239" " ,; ,, 
1'4 " ,,;; 

139 
7911~ '" 791991189 

119 169 
.. .." " 191'391189 '" 7'1122914&9 "' 49.00"" ,; "" "" S9 .. 1)9 259 69.00 

8500~ " " 691991 179" " ...." Si'JOt/IH 
109 169 

119 119 
NEC MEMORY 	

·"' .; 

, 410EX 
610E. EX -

.; " " 
" .." "' " 	 PCMCIA VERSION 2.0 

139 221 "' "' 
.. 

1)9 

" 169,, '" 119 


HEWELETT PACKERD MEMORY 159 

89 169 

" " ,.," 259 " " " 89 129 169 329 " 
" 119 

CUSTOMER SERVICE & TECHNICAL: OPEN M-F, ~ PST HARD DISK DRIVES 
All procU:ts tend new & guanrlleed •We buymzss iMntory SEAGATE M.UTOR WESTERHOIGITAL 

1.2GIG $207 	 1.0GIG 78SOAV $119 a50MB AC28SO S180 
2.lGIG 299 	 l.2GIG 712tiOAY 199 1.2GIG AC31200 229 

l.6GIG 239 1.6GIG AC31600 259 
2.0GIG 276 2.1GIG $339 2.SGIG SJ8'l 

Trademarks are registered with their respective companies. 

We also sell Memory for: Dell, Gateway, HP, 

DEC, Sun, Zenith, Acer, NEC and Epson ~:·- llilllliil 
 HARD DRIVES FOR LAPTOP &NOTEBOOK 

MAHLI . PART I 

5Dl155-00l.-"1 
500814-003 

Stl ll ti&-001.-003 
Stll3 1&--001.002 

PCAOOOSJ.0001 

2Bli,386SX 

OPOG4 

MBC-NBMEM2 

Al!vaMa1Je6 10.a10, 816 
MnntaueAdVeniu1e4000 
Ad\'lnta09Mven1Uie6000 
Al!vanta09Mven1ure800D::rPro 486 SXll SX25 

B1;ivo l C5 100. 51l1,511i6(EOO, p.ilrs) 

~TRADE~ 
228!25 Lockness Avenue • Torrance, CA 90501 

1-800-433-3716 
(US and Canada) 

... HEC UNIVERSAL FOR ALL 
THINKPA0355, 360. 370. YelSlE.V, M. P - 1.3GtG S769 HOTHOOKSAHOlAPTOPS 
7S0.755-810mg .... 2.IGJG 689 ..... "" l.3G!G 186 Yecsa2000.4000-810mg .... 1.3GIG 169 

2.IGIG 8'9 1.3GIG "' 2.IGIG ... 
THINKPAOi&o-1.JGIG "" TOSHIBA 

COMPAQ ~ 700/4500-810mg .... 
LTE5000,5HXH1Dm 1'19 l.JGIG ,.. 

1.lGIG "' TemT700-810mg $749 
2.1GIG 910 1.JG!G 829 

Prices & Avallablllty . 
Subject to Change Mon·Fri, 8:00 a.m. to S:OO p.m. PST 

Without Notice Sat. 10:00 a.m. to 12:00 noon 

Circle 215 on Inquiry Card (RESELLERS: 216) . 

http:Prc!M4fl5S.4133.4M
http:ONLY$135.00
http:K1ngs1onTurboChip-3Xfas1u,lor486BasedOx2,ox.sx2.sx
http:11.00(3.lV
http:Thin-~760E.ED
http:Thm~760C.CD
http:Thinkplll755C.CE.CO.CS
http:32Kl8(3.3V
http:m10.119S013.3v
http:moo.c.m.oo
http:Toshlba2100Serles-$121.DO
http:4900-$119.DD
http:1960-$119.00
http:BBOC-$134.00
http:CompaqContura410,420,430-$109.DO
http:CompaqContura3/25,4/25-$119.00
http:AptivaCSeries(EDO.pW


AutoBoot Technology in a 

New 'Slimmer' Size! 


• 	 Control up to 96 file servers with just 1 
keyboard, monitor and mouse 

• 	 AutoBoot™ feature boots all attached 
computers without user intervention 

• 	 1.75" unit fits easily into your computer 
rack using a minimum of space 

• 	 Push-button and keyboard controlled 
scanning standard 

• 	 Control all computers from a second 
location up to 150 feet away 

• 	 Supports all 100°/o IBM compatible PCs 
and PS/2 or serial mouse; optional 
Macintosh and Sun support available 

• 	 Rear peripheral access available 

SLIMLINE 
COME SEE US AT 

Comnet in Washington, D.C.COMMANDER TM 
Feb. 4-6 at Booth #1612 

Cybex Computer Products Corporation 
4912 Research Drive Huntsville Al 35805 USA 
(205) 430-4000 (205) 430-4030 fax .Ihttp:\\www.cybex.com Company 

M, PC and PS/2 are trademarks of International Business Mach ines Corporation. Maci ntosh Is a registered trademark of Apple Com~~ter, Inc. 
n is a traa emark of Sun Microsystems. Cybex, Commander and AutoBoot are tradema rks of Cybex Computer Products Corporation:·l"fie inc. ~ 

Circle 199 on Inquiry Card (RESELLERS: 200}. M a I USAv• 	• e • e n 

00 logo is a registered trademark of Gold hirsh Group Inc. 

D .., ,.,. A II bl••••r rrogram 

http:www.cybex.com


Lost in the Maze? 


Here's the Way Out. 

Our Commander products let you control to a few PCs, or you manage a multi platform 

and operate all of your computers through one server room, system control is right at your 

keyboard, monitor and mouse. Get rid of all fingertips. Today's configurations are 

of those costly, space eating peripherals, more challenging than ever - but they 

and suddenly your network isn't quite so shouldn't make you feel like a labo­
j' c :'! '!' " I! Il ~ "' . ,._) ~ -~ ..-,,, ­
.. .: ~ ;· .; ,; ...: ·: COMM.ANDER x " scary anymore. And since there's a whole ..... . ..... ratory experiment! For simple, con­ , ' I 
r•·,.,·~''i" ' -J~·~-

X• " ' family of Commanders, one is right for . .- solidated control of all your system 
you. Whether you need fast, easy, access resources, give us a call.co1.1k1ANDER ~ 

•••• •••• ' ' ' '' " ' x 

~~l~CYBEX Come Se~ Us at Comnet 

An 

4912 Resea rch Drive Huntsville, AL 35805 USA 
Washmeton, D.C., 1-800-932-9239 (205) 430-4030 fax 

COMP\ITTR PROOOCTS CORPORATION'" at 8~:,j,~~612 http://www .cybex.com .II
Company 

PC is a regi stered trademark of International Business Machines Corporation. Mac is a registered trademark of Apple Computer, Inc. The lnc.500 logo is a registered trademark of Goldhirsch 
Group, Inc.. Cybex and Commander are trademarks of Cybex Computer ProductsCorporation. 
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/'/a,1 C/J-RO.~ I /Jl'll{!.l'illl1S. 

i/IH/io CDs. 01' l/S(' a PD 
l'i ll'lf'ili{!.C f'Ol' ill /t/iliOt/il/ 
011-/inc SIOl'a{!.C. 

Sure, you need to add function to your computer, 

but you don't need all those machines cluttering up 
your desk. The backpack pd/cd is a 3-in- l mass storage 

solution that gives you a CD player and a removable 
cartridge storage drive. Backs up your 

hard drive, too. 
Now, just in case you 're not up on 

PDs (optical Phase Disks) , they're a new 

kind of media you can read, write on ,erase and remove an 
unlimited number of times . PDs look a lot like CDs, cost less 

than magnetic cartridges, and can store 
650MB. Also, they can't be accidentally 
erased by magnetic fields. 

S /<1111/arrl (iiiO I /13 
op/.ica/ disks can 
tw l'rasctl. L'so 
O\'l.'I' a 111/ O\CI'. 

! 'ark yo11r Iii<',; ;1111/ 

totr t/Jcm li'om /'( ,' lo 
/ '(,'. Pltt{!.:3 into w 1y 
lli\ /-l'IJl/7/)(1 /i/J/(' 
110/<'IJooA or 1/csALu11. 

Another good thing is the easy installation. Plug the 
backpack pd/cd into your printer port and your printer 
into the backpack. That's it. Save your precious few 
expansion slots for something else. 

And best of all, the backpack pd/cd is half the price 
of those other solutions! 

Seagate Software'"' 
backup solution included 

with purchase price. 
(Offer expires lZ/31/96) 

backpa<X~· 

pd/cd 
Mic:ra5alu"tian5 
The port•ability leader. 

Ph: 800-295-1 214 (US and Canada) 
Available through computer dealers. computer superstores. and mail order catalogs. or 815-756-341 l, Fax: 815-756-2928 

Seagate Software is o trademark of Seagate Technology, Inc . Internet: www. micro-solutions.com 
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Reliable & Affordable 
Ethernet Networldng Products! 
10BASE-T/BNC Adapter Card features Plug 'N Play 1/0 , interrupt and PROM 
address. NE2000/IEEE802.3 compliant with LED indicators for activi ty and link 

• Reliable• Compact• Cost-effective! 

detection. Supports NOVELL, Microsoft, Artisolt, FTP a NFS. Compatible 
with all Bus systems, 1 OMbps transfer and is FCC certif 
Configuration options: 

Offers Sixteen 108ase ports with RJ45 connectors, One BNC and One AUi port 
for cascading hubs or connection to existing backbone, has 21 LED indicators for 
confirming status and operations. /EEE802.3 compliant. BOCl=I s 
BEN220 BOCAHUB-1S PLUS 10Base-T Concentrator ou101w11H 247 
BEN210 BOCAHUB-8 (Eight Port) 10Base-T Concentrator 99- Plug 'N Play Design 

-1/0 300h,320h,340h & 3SOh 
-Interrupt 2,3,4,5, 10, 12, 15 

AE-200-PNP-CE 1OBaseT/ BNCAdap. 

AE-380PCI 32-Bit PCI 1OBase T Adap. 11rr 
Cat 5 & Coaxial Networking Bulk Cable 

1-99' 
AEF-350TX PCI 1OBaseT10/ 100 Mbps Adap. ADDTRDN 

UTP16/L 16Port10BaseT Hub ''\\ 

VDC5-4 
VDC5-4P 
RG5BU 

Level 5, 4 Pair, Unshielded CL-2 PVC 
Level 5, 4 Pair, Plenum 

$.15 
.45 
.15 

100-999' 
$.10 
.30 
.10UTPBSL 8 Port 10BaseT Hub · RG-5BUCoaxial Systems PVC Cable 

5 PORT "10Base·T ComRact" 
ETHERNET HUB 
Provides all the function necessary to support networ~s. . , , 

Functions include: ~W•• l ~f' 
• Manchester decoder for clock 

& data recovery 
• Automatic preamble regeneration to compensate for bit loss 
•Lockup & au to-partioning jabber timing to isolate failures .":; • •• • 
• Automatic address generation to disable transmission to active porf • ' ! ·"- "- _._ 
•Traffic, Link, Receive , Reverse Polarity and Partit ion LED Status -
• 5 RJ45 10BaseT Ports and 1 RJ45 Uplink Port 
• FCC Part 15 Class A Emissions Approved & CE Mark 

'69 OKl-320$1 Serial Interface for OKl-320 

11t11rk CPI 111tm~ 
MASTER VIEW allows one console to access six 
servers (C PUs). Supports VGA to Multisync, 
has built-in bulfer, is Daisy Chainable, AuloScan 
or Manual selection (3-40 sec. scan interval), 
Perteet for computer room access to lileservers, 
CS-106 MasterView (AT Only), 1 to 6 s Z79 
CS-1 04 AT/PS2 MasterView, 1 to 4 269 
CS-102 AT MasterView, 1 to 2 219 
CS-122 PS/2 MasterView (1 to2) 219 
VIDEO SEPARATOR · Video Signal is enhanced 
for distance up to 21 Ott. (Daisy Chainable) 
VS-104 4 to 1 $99 ...,.,.EN
VS-108 Blo 1 159 ~ ,. 
Parallel Line Extender 
PLE-100 D825 Male to D825 Male, 30' $43 
PLE-110 D825 Male lo 36 PMale, 30' 43 

PremJum Cable Assemblies Fully Shielded 
Part# Description Each 
PPC301-S Printer Cable DB25-3S Pin Centronics, Sit. $2 .99 
PPC1 284-S Bi-Directional EPP Printer Cables, S ft. 12.95 
25M'-S DB25, 25 Line Cable M-M or M-F, S ft. 3.99 
HD15MM-S 15 Pin High Density, Male to Male, S It. ;.!iiiiiiif ,: 4.99 
5MM-S 5 Pin Din Male to Male , S It. ._ 2.99 
KEC-S AT Keyboard Extension Cable , S It. PPC301-6 2.99 
PS2KEC-S PS2 Keyboard Extension Cable, S It. 3.39 
MEC-S AT Monitor Extension Cable, (9M-9F) S ft. 2.99 
PS2MEC-S PS2 Monitor Extension Cable , S ft. 3.39 
ATM-S AT to Modem, S It. (9S-25P) 2.99 
ACPC-02 PC power cable, S It . 2.49 
ACPC-03 PC power adapter cable 2.29 
ACPC-04 Monitor power ext. cable, S ft. PPC1284-6 3.S9 
SCSI-II 50-Pin Centronics (M) - 50-Pin Hall Pitch 29.95 
SCSl-lll-1 SCSI-Ill, 18" Internal Cable 29.95 
NMA-' RS-232 Null Modem Adapter (25S-25P or 9S-9P) 2.99 
Gender Changers - Ultrathin 

10+ 
$2 .54 
11 .99 

3.51 
4.24 
2.54 
2.54 
2.99 
2.54 
2.99 
2.SO 
2.24 
2.0S 
3.32 

28.50 
28.50 

2.S9 

TGC-25' 25-pin M-M or F-F ultrathin $2.99 $2.S9 
TGC-9' 9-pin M-M or F-F ultrathin 2.S9 2.42 
Category 5 1 OBase T Cables (Hi-Flex Gray, Red, Green, Blue, Black, Yellow) 
Part# Description Without Boot 1-9 10-49 50+ 

73-SS_-7 7 It. 4.80 4.3S 4.00 

1ZOMHz PENTIUM 
MOTHERBOARD 

PREMIO Quality, Performance & 
Reliability. Novell approved offering SiS 
chipset, AMI Plug 'n Play Flash BIOS, 
clock generator for fast speed changes 
and meets EPA Energy Star Standards. 
-256k8 cache upgradeable to 1Mb 
-Four 72-pin SIMM sockets in1t1. 
support EDO with up to 128Mb. inS1d8 

-Built-In Controller support 4 IDE • 
drives (up to 16.6MBps transler) ll~!l1 . 1 H'n 

-Features 4 PCI Master & 4 !SA Slots 
-Integrated 110 leatures EPP/ECP bi­
directional parallel port , Two 16550 
UART Serial ports w/16 byte FIFO, LBA 
IDE drive support over 528Mb 

MBPEN-120 PREMIO 
Pentium Motherboard 

120MHzCPU 
MBOX4P120A 486 DX4 "Green" 

73-SS_-3 3ft. ( ~ $3.82 $3.47 $3.18 

73-SS_-15 15 ft. ' ' S.92 S.29 5.77 
73-SS_-25 25 ft. I - ' 9 5S 8 S9 7.97 \ 
73-ss_-5o 50 It. 15 20 13 02 12 S7 

Enjoy sharp color & clarity! 
-"2.8°tv~: 175Watts, 2 Outlets s97 14" SVGA Monitor features 1024x768 

675'VA, 425Watts, DB9 Lan Port, 4 Outle ts Z31 
280VA, 2 Outlets 99 
675VA, 4 Outlets Z30 

OMNIPR0450 ~O'J.§,280Watts, 4 Outlets Z03 

T'¥,f;l::!JE lllCI 
01 OBT RJ45 Ethernet, AS400/Sys3x 1111 
Protector (Wires 1, 2, 3, 6} Z4 
0825 Serial DB25, RS232 Protector 
(Pins 1-8, 20) Z3 
SUPERB 8 outlet, 18,000 amp spike protect. , 

6' cord, 2 yr.warr. Z4 
IB6ULTRA 6 outlet, 3 filter banks, LEDs, 

6' cord, $25K Ult. Ins. SZ 
ISOTELULT6 6 outlet, 3 filter banks, LEDs, 

$25K Ult. Ins. 61 
CC16-P Command Console, 6 outlets, 

Fax/Modem protection ., $10K Ult. Ins. 69 

FAX: 210-637-3264 http://www.altex.com 
Hours 7:30am-6:30pm M-F • 9-Spm Sat. CST 

mmm, 1111111111111 I Hllllllll Pll 1111111. Ill H 11111 Hlllllll mt IPPllHI 
TEAMS: For C.0.0. orders add $5 per package. Minimum $25. Cash or Cashiers Check only. For orders under $99 add S3 handling 
charge. All shipping is FOB San Antonio, Texas and v.ill be added lo your invoice. Texas residents add 7-314% sales tax. All returns 
require AMA# and must be returned in original condition. A 15% restoc!(ing lee will be assessed on product returned in non·resa!eab!e 
condition. Prices subject io change withou1 notice. We are not responsible lor typographical errors. 

11342 IH-35 North 
San Antonio, TX 

(210) 637-3200 •FAX: (210) 637-3264 
10731 Gulfdale 

San Antonio, TX 
(210) 828-0503 •FAX : (2 10) 340-2409 

10705 Metric Blvd.• Austin, TX 
(51 2) 832-9131 •FAX: (512) 835-1328 

15207 Midway Road• Dallas, TX 
(972) 386-8882 •FAX: (972) 386-9182 

2650 S.P.l.D. 
Corpus Christi, TX 

(512) 814-8882 •FAX: (512) 814-8812 



he first 100% Computer Based Training (CBT) DON'T PUT YOUR CAREER ON HOLD ANY LONGER! GET THE 
program on CD-ROM to fully prepare you for Novell 's CNE SELF-STUDY COURSE AND GET CERTlflED... fAST! 
CNE exams. Its innovative design provides fast, 

COURSE MODULES INCLUDE:effective and convenient training to anyone 
f OREfRON°f • Administration v3.1xwishing to become a Certified NetWare 


Engineer, even when hampered by a • Advanced Administration v3.1x 


busy schedule. Our CNE CBT allows you • 3.1x Installation &Configuration (#802) 


to learn and practice everything you'll • Service &Support for NetWare (#801) 


need for full NetWare certification . 
 • TCP/IP Transport for NetWare 

• Networking Technologies• All on one CD 
• NetWare 3.1x to 4.1 Update. 


for hands-on exercises 

• Interactive NetWare simulation 

*NetWare 4.1 course also available 
• Study at your own pace 
• Hundreds of practice questions Added Bonus! 
• Priced below competitive products The CNE Self-Study Course comes with the full version 
• Everything you need to prepare for Novell's tests! of the required Micro House Technical Library.™ 

The Forefront A+ CERTIFICATION Self-Study Course™ 
.. . is thefirst 100%Computer Based Training (CBT) program on CD-ROM designed 

to fully prepare you for the A+ Certifi cation exams. Th is hands-on self-study course 

Free Technical Support • Next Day Shipping • Performance Guaranteed 
AMERICAN 
EXPRESS 

~ 

Call for Special Discount Pricing Today! 

1-800-653-4933 
(813) 539-7283 • FAX (813) 531-0200 

fOR[f RONt Circ le 212 on Inquiry Card. 
ForeFront Direct, Inc. 


18820 U . S . Hwy . 19 N ., #215 Clearwater , FL 34624 


will give you all the technical material, knowledge, 
interactive exe rcises, and confidence you'll need to 
pass your exams and excel in today's competitive 
PC repair marketplace! 
CONVENIENT! 
ForeFront's A+ Certification Self-Study Course™ 
gives you flexibility and portability unmatched by 
trad itional training methods. You 'll study at your 
own pace using our easy to follow, step-by-step 
format. Study whenever and wherever it's 
convenient for you ! 

• All on one CD 
• Interactive simulations 
• Study at your own pace 
• Hundreds of practice 

questions 
• Priced below 

competitive products 
• Everything you need to 

prepare for the exams! 

Copyright ©1996 ForeFront Direct, Inc. All Rights Reserved. ForeFronl CNE Self-Study Course and ForeFron l A+ Certification Self-Study Course are trademarks of 
ForeFront Direct. Inc. The foreFront Logo is a trademark of !he ForeFronl Group. Inc. Al l other trademarks are the propert ies of their respective holders. BM 

ForeFront Direct, Inc. is a subsidiary of ForeFront Group, Inc . 



Run more 

than one OS 

on your PC! 


System Commander makes it safe 
and easy to add as many OSes to your 
PC as you want! 
Easy Automatic Installation 
• Prepares your PC for new OSes in 

minutes 
• Simply select the OS you want and 

System Commander does the rest 
•To use another OS simply reboot 

and make another selection 

Money-Saving Flexibility 

•Minimize 	 hardware expenses by 

putting up to 100 OSes on one PC 
•Use any combination of hard drives 

• 	 Use any Intel compatible OS or 
combination of OSes, in English or 
any other language 

System Commander is only $99.95 and 
comes with an unconditional 60 day 
money back guarantee . Get Free 
overnight shipping when you mention 
this ad. *Order it now and have it on your 
desk tomorrow morning! 

"System Commander is a 
blooming miracle" 

Jerry Pournelle- BYTE 

S Y S T E M 

COMMANDEll. 

Free 

overnight shipping* 
when you mention this ad. 

800•648•8266 
www.v-com.com 

V Communications, Inc. 
4320 Stevens Creek Blvd, #120-38YT 


San Jose, CA 95129 

408.296.4224 fax 408.296.4441 


• When ordered before noon PST. No Saturday delivery. Standard shipping outside US. CA res. add $7.25 sales tax. Otter 

subject to change without notice. All logos and product names are trademarks of their respective companies. VISA/MC/Amex ©1996 


+Print servers 
+ Data switches 
+ Keyboard/video control 

800-333-9343 

P.O. Box 742571 +HOUSTON, TEXAS 77274 
TEL 713/933-7673 +FAX 713/933-0044 

with a Rose keyboard monitor switch 
Streamline your computer room by reducing excess equipment. 
Access up to 256 CPU's from a single keyboard, monitor, and mouse. 
ServeView is our best-selling switch, has every feature you can imag­
ine, and installs in minutes. Compare price, features, performance, 
quality, and support and you'll find Rose can't be beat. Call us to 
discuss your application or to receive your free information kit. 

Come See Us at 
Comdex Hlspano America, Dec. 4-6 
Miami, FL Booth #C323 ~) ROSE ~,ELECTRONICS 

Circle 210 on Inquiry Card (RESELLERS: 211).176 BYTE DECEMBER 1996 

http:www.v-com.com


• DISCOUNT PRICES • FREE SUPPORT FOR FSI CUSTOMERS 
• HUGE SELECTION • SATISFACTION GUARANTEED 
• OVERNIGHT DELIVERY • NO SURCHARGE ON CREDIT CARDS 

Always your best buy on the widest selection of memory upgrades! 

• CORPORATE PO'S WELCOME 
• GOVERNMENT & 

EDUCATIONAL PRICING 
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Our upgrade e,-.;pefls hove dc1a11ed configuro~on 
information oo thousands of compute1s and prinll!fs, 
from the oldesi IO the latest models! 

WI PROVIDE YOU WITH: 

V Your system memory features 
{RM\, coche & video) 

V How much memory you 1eolly need 
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MAIL OR FAX ORDERS TO: Call the Upgrade Experts17141448·7750 • FAX: 17141448-7760 

EMAll ADORESS: so!es@fi rstwvrce.com 


First Source International 

7 Journey • Aliso Viejo, Colilomio 92656 
 ORDER NOW 

FSl SALES HOURS 
Monday · Friday: 6om - 6pm • Soiurdoy, lorn · 4pm 800-558-9866TECH. SUPPORT HOURS 

Monday· Friday • lorn · 5pm International Orders Call 714-448-7750 
Technicol Support 1714) 448-mO 

All ho1.m Pocih"c S1ondard Time See Us On The Internet: www.firstsource.com 

Circ le 2 0 3 on Inquiry Card (RESELLERS : 204) . 

http:www.firstsource.com
mailto:so!es@firstwvrce.com
http:fUCVA.Y.AD
http:li.IC/A.Y.JC
http:fRl'C\'A.MM
http:65SX/l5.70
http:97988160'.XI
http:�/66d,P/tJJ.SE
http:Pmaio9'232,'11l�,92�0,92.S0
http:rr.-ni2.n22.nn.m1.mo
http:66,.S12CWX.57.SM
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Circle 213 on Inquiry Card (RESELLERS: 214). 

Remote Display 
Benefits: 

Optional.. 

• Improves SCSI Bus Performance 
• Less Errors; More Reliable Data Transfer 
• Diagnoses Problems • Analyzes Signal Quality 
Features: 
• Active Regulation • Supports 68 Pin, SO Pin 
• Status Indicators • Gold Contacts 

Be nefits. 

$39Benefits: Gold F£f~gnostic Cables 
• No Loss Of • Diagnostic Indicators • Large Ferrite Filters 

Styles: 
• 68 Pin Drive to SO Pin IDC (runs w ide drive as narrow) 
• 68 Pin External Adapter to SO Pin (converts Host Adapter) 
• Gender Changers both SO pin and 68 pin (all combinat ions) 
• Adapters with partial termination built in for 68 to SO converters 

Teflon 90 Ohm External Cables 
From: 

$159 
Benefits: 
• Ultra SCSI 40 MB/s operation (Granite Exclusive!!!) 
• Fi xes Ultra SCSI External Cable Problems 

Features: 
• Perfect 90 Ohm Impedance Match 
• Triple Pronged Connector With Gold cont acts 

ActiveDigital Ultra SCSI Echo I Repeater 
Benefits: 
• Doubles the Ultra SCSI Cable Length (up to 18' 
• Fi xes Ultra SCS I External Cable Problems 

Important Data • Triple Shielding (Unique Cable Design) 
• Faster Performance • Double Gold 20u • Plated Connectors 
• Test Cable Integrity • Extra Heavy 26 Gauge Wire, SO & 68 Pin 

FAST SCSI Cables ZOMB/s! Over 60 Cable Styles In Stock 

Teflon Custom Internal C bles 

··········UNIX™ on NT? ·········· 


If you want Ultra SCSI Performance use our Teflon Cables & Active Terminators. 

SCSI Vue"'Active Terminator Fr5 9 

• Less Errors, Ultimate Performance 
• Silver Wire Improves Signal Quality 
Features: 
• Perfect 90 Ohm Impedance Match 
• Triple Pronged Connector With Gold contacts 

Custom Internal Cables in 1 DAY! 

*C:i' ActiveDigital Switch 
Benefits: 
• Share SCSI Devices Between 2 Computers 
• Attach up to 14 Devices to 1 Computer 
Features: 
• 2-1 Active Digita l Switch/Repeater 
• Regenerates SCSI Signal for Long Runs 

Catalog Onli n e @ www.scsipro .com 

The SCSI Solution Company 

Our knowledgeable SCSI Technicians will solve all your SCSI problems...guaranteed! 

Gold Diagnostic Adap $3m9 

• Models Available for all SCSI types (Int. & Ext.) 

Features: 
• Active Termination and Signal Purification 
• Ultra Fast Performance for Added Capabilities 
• Diagnostic Capabilities • 30u" Gold Contacts 

GoldExternal Ultra SCSI Cases 
Benefits: • Ultra SCSI Custom Teflon Cable Installed 

• Custom Enclosures in 1 Day for Raid & Arrays 

From: 

$29 

3101 Whipple Rd. • Union City, Ca. 94SB7 • Ph: 510-471-6442 • Fax 510-471-6267 

OPENNT. for iWINDOW~Nl 
Softway Systems is the leading provider of standards-based 
open systems tools for Microsoft®Windows NT'" . The OrENNT'" 
product family consists of a fully conformant POSIX.l I POSIX.2 
runtime and development environment for NT and a host of com­
plementary system products. In the coming months, we will be 
expanding our product line to provide a fully conformant UNIX 
operating system environment for Windows NT. OPENNT includes 
all of the components that users and developers demand on UNIX 
systems - now available for the first time as a native, fully inte­
grated environment for Windows NT. 

1 -800-GET-UNIX 
185 Berry St., Suite 5514, San Francisco, CA 94107 


Tel. : ( 415) 896-0708 • Fax: (415) 896-0709 • Sales Toll Free: 800-438-8649 

Email : opennt@softway.com • WWW: http://www.softway.com/OPENNT 


• Softway• 
Systeu1s 

POSIX & UNIX Windows
N ow you can have the Applications Applications 

advantages of a UNIX 
system wl1Ue running WIN32
Microsoft's most robust 

Windows operating Print 

S.nlrH 
~!!!!!!!!!~ r:=:;::--\ 


~ Jsystem - trulythe best 
of both worlds! 

Take advantage of our special offe1: Buy any OPENNT product and 
get one year of product updates for free. Add to this our 30-day 
"no questions asked" money-back guarantee, low price and free 
technical support and you have a deal that can't be beat. 

For the latest info on OPE NT visit our web site at: 
http://www.softway.com/OPENNT or call 1-800-GET-UNIX! 

• 	 OPENNT Commands & Utilities ••••.•••••••.••• $199 
UNIX-sty_le shell and utilities. All your favorite 
tools including ksh, awk, grep, sed, vi and more! 

• 	 OPENNT Software Development Kit •••.••••.• only $99 
Development system for porting & developing 
POSIX and UNIX applications to Windows NT 

• 	 OPENNT X11 Server ....•.•....•.•••..•..•• $199 
Competitively-priced, high performance X 11 R6 
display server for Windows NT and Windows 95 

• 	 OPENNT Telnet Server ... .••..•••...••••• from $99 
Multiuser telnet daemon service for Windows NT. 

OPIHNT is o lrodemork of Softwoy Systems, Inc. This product includes sohwore developed by the University of Colilornio, Berkeley ond its contributors. All other registered trodemorksond lrodemorks ore the properly of their respective owners. 
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Take the quickest route to healthcare 

Information Systems solutions 


In today's dynamic healthcare climate, 
decisionmakers can't afford to get 
lost while searching for the right 

Information Systems solution. 
MDB Information Services-an 

alliance with Datapro Information 
Services Group and MDB Information 
Network-delivers the break you've 
been looking for. We're the only 
worldwide, comprehensive provider 
of immediate, actionable data for 
purchasing Administrative Systems, 
Clinical Support Systems, Client Server 
Technology, and Network Integration. 

MDB Information Network members 
annually save more than two to three 
times their membership cost to MDB 
Information Services by relying on 
MDB's up-to-the-minute acquisition 
and analysis of information on hun­
dreds of Information Systems products 
and services. 

Plus Added Value 
MDB Information Services also delivers: 

• Information technology 
briefings/strategic planning 

• Custom RFP electronic templates 
to speed response 

• Cost-benefit analysis of systems 
and technologies 

• Success Matrix to measure process 
improvement 

• Access to Consultation Center 
and on-line services 

Call 1·800·687·0001 

Administrative Systems 
General Financials to Utilization 
Management, Ancillaries including 
Home Health and Long-tenn Care. 

Clinical Support Systems 
ER, Laboratory, Pharmacy, Radiology, 

Physician Management Systems, 

Clinical Pathways, and more. 


Client Server Technology 

From Workstations to Telemanagement, 

Scheduling to Network Management. 


Network Integration 
Network Operating Systems to 
Community Health Information 
and beyond. 

MDB INFORMATION SERVICES DATAPRO
An t1ll ie111cc w ilh Dtllll/Jro lnfo rmali o n Sc 1·v iccs G r o up , 
A11d c r sc 11 Co 11sul1i11 g, <1nd MDB lnfo rm tlli o n Ne. tw or l~ 

MOB Information Services 5910 N. Central Expressway Suite 1800 Dallas Texas 75206 mdbinfonet.com 

http:mdbinfonet.com


ATTENTION INTERNET USERS 

13¢ 
• FREE trial to any toll-free number SWEDEN 

• The first service which allows you to 
U.K. 

AUSTRALIA
call an1112hone in the world GERMANY
from your PC SINGAPORE 

• No setup charges • Cellular Quality JAPAN 

Visit our website fo r complete deta ils 
and download our free software: 

http:/ /www.net2phone.com 
Call us toll-free using Net2Phone at 1-800-438-8879 
Or call direct at 201-928-2990. E-mail us at: info@net2phone.com 

Nf 

Putting global calling within everyone's reach. 


Net2Phone requires caller only to have multimedia PC with any PPP Internet connection. 

Receiving party gets call on regular phone. ' !SCpeak. IOC off peak. Rates to the U.S. 


NET2PHONE IS A TRADEMARK OF IDT COR PORATION 

17¢ 
18¢ 
20¢ 
26 ¢ 
26¢ 
29¢ 

Come face-to-face with SeeQuest"" and 

turn your Windows based PC in to a fun real­

ti me videoconfe renci ng workstation. 

SeeQues t is a complete package that includes 

the Connectix QuickCam"' camera, the Connectix 

VideoPhone"' software, complete user manuals, 

and a specially develo ped KidProof"' Easy 

Installation G uide. And SeeQuest's plug-and ­

play hardware devices get you and your PC 

up and running in no-time a t all. 

Add to this picture, the award 

winning Shark Baby Tiger"" 

Telephony/Modem Card with Digital 

www.s harkmm.com 

Simultaneous Voice and D ata (DSVD), and 

you have a videoconfe rencing bundle of joy. 

SeeQuest is the videoconferencing solution 

fo r both home and o ffice. And comes complete 

with the most advanced telephony feat ures, li ke full 

dup lex speaker phone, fax, voice mail , paging 

and caller ID . 

So, just when you've go t your phone 

etiquette perfected, it's time to put on a 

brave face . Order your SeeQ ues t 

VideoConfe rencing Ki t today. 

Call t-800-800-332 t. SHR RI{ 
BLACK & W HITE COLOR 

$ 369.\ISRP s4 79 AISRP 
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Add-In Boards • Communications Communications • Computer Telephony 

Circle 80 on Inquiry Card (RESELLERS: 81). Circle 83 on In qu iry Card (R ES ELLERS : 84). 

Connectivity Solutions 
Th e Ar t of Simplicity 

OPERATE 8 
COMPUTERS 
FROM 16 
LOCATIONS! 

SuP!rvisor
Matrix 

•
• Scanning & looking function, rackmounting
• High resolution VGA, KB/mouse emulation 
• Customization always available! 

Variable configurations available: any
combination from I user to 2computers 
up to 16 users to 8computers 
International Headquarters: 
11 Beil HadfusSt., 95483Jerusalem, Israel 
Phone: +972 2651 85 93, Fax:+972 26518971 
Email: rguggenh@minicom.co.il 
Visit our Home Pagel 
http://www.minicom .netmedia.co.il 

ST*RVIEW•• 
Control up to 216 Servers 

with just 1 Monitor, Keyboard, and Mouse 
• Supports SVGA, VGA, a nd Multisync Monitors 
• Ke yboard or pushbutton CPU selection 
• Autoboots Keyboards and mice (SV421) 
• Cascadable 

'l1r\u•1\ 

~ 

Listed Price Apptlos to CSA/UL modol 

USA/Canada: 800-265-1844 (ext. 231) 
Fax: (51 9) 455·9425 / Internet E-Mail : mail@startechcomp.com 

http://www.startecncomp.com

StarTech european11nternallono1 01strlbut1on 
COMPUTER PRODUCTS use Fax or Internet 

USA • Cim.11L1 • UK • fr.m(c or Call: (519) 455-9675 (ext. 231) 


Nclht'tla1wls • Honi; Kuni: Visa/Mastercard/Amer/can Express 


Circle 85 on Inquiry Card. 

Circ le 82 on Inquiry Card. Circle 11 0 on Inqui ry Card. 

Your Specialty 

PCMCIA Headquarters 


"A - --~~ ' ,.... 

Ifyour needs are portable, Quatech has the solution. Our complete line of 
communication and data acquisition PCMCIA cards include: 

1,2, or 4 Port Serial RS-232/422/485 PCMCIA Cards 

Parallel Port/EPP PCMCIA Cards 


Multi-Protocol PCMCIA Adapter Cards 

Digital 1/0 PCMCIA Cards 


Analog Input and/or Output PCMCIA Cards 

IEEE 488.2 PCMCIA Interface Cards 


For complete specifications on the above products, call one of Quatech's 
expert sales engineers today at 1-800-553-1170 or email sales@quatech.com. 
Ask for afree copy of Quatech's new 1997 Product Catalog. 

QGUATECH 

.......Application to Solution 
Check us out 011 the web: http://www.q11atech.co111 

See us at COMDEX, Booth #53385 

• Any mix of PCs; • Keyboard/mouse emulation 
Mac, and Sun • AUTOSCAN 

• Front panel & 
Hot key operation 

• Remote access to 150' 
• Desktop or rack mount 
• Over 50,000 in operation 

MasterConsole® 
Rock solid, reliable control 

CALL TODAY! 800-RCl-8090 X 71 
DISTRIBUTORS LOCATED WORLDWIDE re 

RCI Europe (31) 10 2844040 RCI Taiwan (886) 2-218· 1117 M 
fax (31) 10 2844049 fax (886)·2·218-1221 RCI 

Raritan Computer, Inc. 908.874.4072 fax 908.874.5274 
10-1 Ilene Court , BelleMead, NJ 08502 • sales@raritan.com • http://www.raritan.com 

30 DAY MONEY-BACK GUARANTEE FULL I-YEAR WARRANTY 
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Data Acquisition 

2 GS/s AID and Scope Card 


Goe; ..• . . '.' · . 
-~· .. 
~~ · ·· · ·.· 
"''"1111111111 · ­

11 1111111 -
111111111111111111111111 

• 

GaGcz 

1-800-567-GAGE 

Ask for extension 3425 
From outside the United States: 

._J 12 bit, 60 MSPS AJD 

._J 8 bit, 250 MSPS AJD 
2 GS/s for repetitive signals 

._J Up to 16 Meg Memory 
._J Extensive Software Drivers 

CSLITE 8 bit, 40 MSPS $595 
CS2 125 8 bit, 250 MSPS $4995 
CS601 2 12 bit, 60 MSPS $6995 
U.S Prices. lntematlonal prices may vary 

Gage Applied Sciences (U.S.) Inc. 
1233 Shelburne Road, Suite 400 
South Burtlngton, VT 05403 
Tel: (800) 567-4243 Fax: (800) 780-841 1 
e-mail : prodlnfo@gage-applied.com 
web site: http://www.gage-applied.com 

Contact Gaoe Applied Sciences Inc., 5610 Bois Franc, Montreal, QC, Canada H4S 1A9 Tel: (514) 337-6893 Fax: (514) 337·8411 

C irc le 105 o n In q uiry Card. 

Portable Data Acquisition 
" For notebook PCs 
" 	 12· or 16-bit, 100 kHz or 1 MHz 

sampling 

" Up to 256-channel expansion 
" 	 Measure thermocouple, RTD, strain­

gage, accelerometer, high-voltage, 
high-isolation, & other signal types 

" 	 DOS'", Windows'", Window> 95, 
DaqView™, DASYLab™, LABTECH 
NOTEBOOK™, Snap-Master'", & 
LabVIEW' drivers available 

216-439-4091 & Fax: 216-439-4093 & http://www.lotech.com 

Ci rc le 1 0 6 o n Inquiry Card. 

Portable Data Acquisition 
Performance and Portability ­

We Give You Both. 

DAQCard·· Series 

• Six Type II 1 ·~~;-PCMCIA "l! · 
cards 

• Up to lOO 
ksamples/s 

• 12-bit resolution 
• Ana log input 

and output 
• Digital 1/0 

and timing 1/0 

SCXI Signal 
Conditioning 
• Parallel port 

or PCMCIA 
interface . ~· ... 

• Expandable to 
384 cha nnels 

• DC power, optiona l 
battery pack 

DAQPad'. Series 
• Parallel port ·­

interface =:JJ 
• 100 ksamples/s -.. 
• 12 or 16-bit 

resolution 
• Analog, dig ital, 

and timing 1/0 
• DC power, optional 

battery pack 

Software 
• Nl-DAQ' driver Ill 

software for: "·"'' 
- LabVIEW' I 
- LabWindows' /CVI 
- ComponentWorks 
- Basic, C/C++, 

Visua l Basic, Pascal, 
and many more 

Call for FREE DAQ Designer Software 
(800) 433-3488 (U.S. ood Cooodol ~ '··','.''

Y NATIONAL 

' it11a!!!Y,~!~,!~ 
U.S. Corporate Headquarters• Tel: (512) 794-0100 • Fax: (512) 794-8411 

E-mail: info@natinst.com • WWW: http: //www.natinst.com 
Q Copyright 1996 Nationa l Jnstrumenls Corporation. All rights reserved. 

Product and company names listed a re trademarks or trade names of their respective companies. 

C irc le 107 o n In qu iry Card . 

Data Acquisition • Desktops 

Celebrating ... 
LaserUte& DuraTraX' 

0 
The Next Generation 
Get t.ough . .. Get metal! 

join the party as we celebrate two hot new products! 

LaserLite-the smallest portable laser bar code reader on the market! 


And Dura Trax-the first portable reader to fu lly integrate 

Touch Memory" and bar code technology. 


~ft] Call for your free informa tion kit! 

· - See us at COMDEX, Booth #l1 43 
1105 N.E. Circle Blv d ., Corvallis, OR 97330 
541-758-0521 • Fax 541-752-5285 • http://w w w.videx.com cco7J1 

Ci rc le 1 08 o n In q uiry C ar d. 

C ircle 88 o n Inqui ry Card (RESELLERS : 
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Desktops 

Embedded PC 

Fits your applications 

ISQj~OIand budget! •
~iscuitPC 

386/486 Single 
Board Computer 
with SVGA/LCD 
and more ... 

•Ultra small size 
(145mm x102mm) 

•Supports alt 486DX 
and 5x86 CPUs 

• local-bus SVGA/LCD 
interface 

• Multi-port AS-232 
and Ethernet 
communication 

•Supports Solid State 
Disks 

• PC/104 expansion 

Call Today for a Free Catalogue ! 

U.S.A. 
Tel: (408)522·4696 fax: (408)245-8268 
E·mail: info@Advantech·USA.com 
International 
Tel: 886'2:2184567 fax: aas:z-2183875 
http1/www.advantech.corn.tw 
E·mail: EBC@acl.advantech.com.tw 

Circle 86 on Inqui ry Card . 

NEW! 386 PC-IN-A-BOX 

Portable PC System 
Battery operated 386 

DOS in ROM 

Graphics LCD 

4M Ram, lM Flash 

PCM CIA 

3 serial , 2 parallel 

Keypad &: Enclosure 

Peripherals &: Support 

$449+ 

CPU CARDS 

5-Serial Port 386 $249+ 
KS-6B CPU: 33 MHz, RS-422/485, 2 parallel, 4M Dram, lM 

Flash, 512K Sram, AT bus, PCMClA, DOS in ROM. 

l.ow Cost XI $139+ 
KS-1 CPU: V40, 3 serial, 2 parallel, 512K Dram, lM Flash, 512K 

Sram, modem, 10 bit AID, PCMClA, XT bus, DOS in ROM. 

CALL 800-505-67 49 
303-444-7737KILA FAX 303-786-9983 

DOS-IN-ROM email: sales@kila.com 

Circle 87 on Inqu iry Card. 

Desktops • Disk Drives • Laptops a Notebooks 

Circle 92 on Inquiry Card (RESELLERS: 93). 

ph:(408) 983-1127 
http://www.libertyinc.com 
FAX (408) 243-2885 Leave Email address 

Circle 94 on Inquiry Card. 

lll'TE MA GA7/NE l/ECOMMENJ>ED! 

• 11.3" 800x600 Dual-scan Color scree n. 2MB 

soun d, 2 speakers, & mic. 
•Tw o type II PCMCIA slots, seri al, 

parallel, MIDI , PS/2, & infared ports. 

• Windows 95 or DOS I Windows. 

• 1 GB removable PCI EIDE HD 
(up to 2.1 GB available). 

• 16mb RAM (maximum 64mb) 
and 256K level 2 cache. 

• 1 year parts and labor warranty. 
Extended warranties available. 

• PS /2 Glid e Point & Joystick . 

DRAM. Optional 12.1" TFT Active Matrix . "~ l 1 l'rl ' ln tcmati on. 1! '~ ~ l i n t 5:!Utl g~b th~ nod 
• Bullt-in 6x CO-ROM drive, 16-blt stereo hccau,c 11f 1t's grcalpricc/pcrfunn:1ncc rat io " 
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Mass Storage • Memory/Chips/Upgrades 

• 

on- Stop Server Chassis 
· front access 10 '5 1/ 4" exposed drive bays ~--"·-­
·Lockable front door, open able side doors 
-w / 300W AT UL P/ S ...... $178 
· W/ 2x300W R.P.M ........ $399 

<1111 Slide-in M/B Drawer 

uty Power Supply 
600 watt AT ............$221 

wait AT •..•., .. , ... $165 
AT ............ $146 
?AIJC .....$195 

......... $121 
....... $ 61 

.$155 

• M/ B: ATX, Baby AT, Full Size AT 
· Drive Bays: 5.25"x3, 
3.25"x2, 3.25"x2 
(Internal) 

• FCC class B, CE 

Removable Hard Drive Modules 
· Wide SCSI , SCSI or IDE l' 

Available, Patent 
protecled 

· Perfect for RAID & 
removable 
storage appllcalfon 

Non-Stop Redundant 
Power supply .,. ,....._==,_ 
·Balance load· If •· Af~ 
Sharing Design I,, ,,, .~ . 

·Power Fault ,\li:b . _ 
Alarm/ LED/Signal Il ~ 

i , ~w 
1'9• -'' 

Circle 103 on Inquiry Card (RES ELLER S: 104) . 

Misc. H/W•Multimedia/CD-ROM•Programmable H/W 

~QQ~@u is a vertically integrated design 
and manufacturing company specia lizing in computer enclosures , disk 
subsystem enclosures and fully integrated systems . 

Tower PC Enclosures 
Tower Drive Enclosures 
Rack Systems 
Rackmount Accessories 
CPU Cards and Backplanes 
Rackmount Drive and PC Enclosures 
Industrial PS 2 Power Supplies 
Redundant N+1 Load Sharing Power Supplies 

~l'!PJJ!IPJJl!W 

Phone: 1-702-356-5595 Fax : 1-702-356-636 1 Email: info@sli gcr.com 
Internet: h11 p://www.sti gcr.co111 Postal: 1385 Greg St. Suite IOI Sparks, NV 89431 

Circ le 97 on Inqui ry Card (R ESELLER S: 98) . 

MlcroPatent• 250 Dodge Ave.• East Haven. CT 06512 
203-466-5170 • Fax 203-466-5178 

In Europe: +44 (0)990 561571 • Fax +44 {0)181 932 0480 
See us at: http:/twww.nealo.com 

Circle 99 on In quiry Card. 

OURLSTBC 800-468-0680 
www.qualstar.com 

Circle 102 on Inquiry Card. 

The only way to make sure your
super-powered PC is properly cooled! 

• Make sureyour system and CPU are operating 
at prorer temperat ure. 

, Know theexact te mperature of your system 
andCPU at all t imes. ""'i..... 

, Prevent heat-related system'cra Siles. 
, Protect yourdata. ___.._ 
• Prolongyour PC's-life. 
• Be notified automatically of overheat conditions. 
, Windows 3.1 1951 NT, Novell versionsavailable. 

Control 
Practically
Anything. 
from SZ 

1724 Picasso Ave. 
Davis, CA 95616 
916.757.3737 
916.753.5141 FAX 
http://www .zworld.com 

For immediate information, use our 24-Hour AutoFAX. 
Call 916.753.0618 from your FAX. Request catalog #18. 

Circ le 100 on Inquiry Card. 
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Programmable H/W • Servers 	 Servers • Voice Technology • Engineering/Scientific 

Low Cost 16-bit Controllers 
Easy to program in Borland/Microsoft CIC++ . 
Vl04rn Prices startat$149Qty1, $59 OEM 
• 4.0x3.5", 32+24 1/0, LCD, PC/104 

interface 
• 3 UARTs, 3 timers/counters, RTC, 

watchdog 
• 11 12-bit ADC, 4 12-bit DAG, Networking 
• Clibrary, Development kits 

-tfERN 
INC. 

216 FSt. #104, Davis CA 95616 USA 

Tel: 916-758-0180 Fax: 916-758-0181 

Internet Email: tern@netcom.com 

ttpJ/ftp.netcom.com/puMe/tern 

Circle 1 01 on Inqu iry Card. 

Turn Key Solutions For Industrial Computers 
200MHlPBnUum•PtoCBSSOIPC//ISA SBC ATI Mach64 PCI SVGA, PipelineBurst Cache, SCSI 11 Fast Wide 

• fault Tolerant System/RAID Solution 
• full line of Rack Mount Products 
• Partnership ' or the Future 

· Hyperspeed Reseller Program 
- OEM/Customi zed Design Projects 
- Government/Corporate Discounts 

C11t11/og 011 Li11e! "· inCOMDEX' 
foll '96 aoothlP4605 

http:/ / www.appro.com en P1vtHon, LI• V•cu 
E-mail: appro@appro.com Connntlon Ctnter 

800- 927- 54·6 4· - ""'"''­ ''•••• -

PROlilOtT~toota 2iJJ2lk>l'ing Dr.,S., nlOM",CA 95131 Tel(-lt\8)~52-9200 FJx(408)452-92 \0 

Circle 114 on Inqu iry Card (RESELLERS: 115). 

A large variety of 

SBCs in stock 


for fast delivery 

• 486 AND PENTIUM CPUs 

• UP TO 200MHZ SPEEDS 

• PC/ SCSllNTERFACE 

• E·IDE INTERFACE 

• SVGA VIDEO OUTPUT 

• DUAL SERIAL PORTS 

• 	 /SA &PC/ BACKPLANES 
CALL TOLL FREE 

1-888-RECORTEC 
Tel: 1-408-734-1290 
Fax: 1-408-734-2 140 

e-mail: info@recortec.com 
http://www.recortec.com 

RECORTEC 
1290 Lawrence Station Road 

Sunnyvale, CA 94089 

Circle 11 2 on Inquiry Card . 

Request our free 

Product Catalog 


• COMPUTERS 

• ENCLOSURES 

• KEYBOARDS 

• MONITORS 

• PRINTERS 

• 	 CUSTOM DESIGNS 
CALL TOLL FREE 

1-888-RECORTEC 
Tel : 1-408-734-1290 
Fax: 1-408-734-2140 

e-mail: info@recortec.com 
http://www.recortec.com 

R ECORTEC 
1290 Lawrence Station Road 

Sunnyvale, CA 94089 

Circle 113 on Inquiry Card . 

ET YOUR COMPUTER DO THE TALKING! 
Voice Express Voice/Fax Mail I Voice Mail 
integrates major voice/fax applications plus I Fax on Demand 
program control into one full -featured high I lnt'I Call Back perfo rmance software. PC-AT/386/486 
based. Menu driven. Easy to use. Supporcs I Auto Attendant 
up to 32 voice lines and up to 8 fax lines. I Talking Yellow Pages 
Works with mos t business phone sys tems, I Fax Broadcasting
Centrex, DI D service, T-1 lines. Call now. 

I Fax Mail
Softwarc+hardwarc kits $595
2 voice lines kit starts at I Telemarketing 
Fax on demand: (805) 523- 1329, Doc. # 1004 I Date/Party Lines
We b Page: hrtp://www.cenrralrcch.com 

1-800-532-8054 
FAX (805) 532·91 74 • c·mail: salcs@ccnt rahcch.com 


Servit1g Compt1ter Users Si11u 1982 l 1988 Challen "Ct., Moor uk, CA 93021 


Circle 109 on Inquiry Card. 

U.S.A. Made Rackmount Solutions 
Over 40 models, sized from lU through 6U, 17'' to 
24" deep, plus rackmount switches, monitors up 
to 20", & keyboards with or without trackballs. 

• 5 to 20 slot segmented or unsegmented 
passive backplanes w/ or w/o PC! slots. 

• Complete line of 486 & Pentium slot 
boards & motherboards up to 200 MHz, 
including Intel's full line. 

A.C.OR48V 
HOT SWAPS 
UPTO BOOW 

Tri-MAP International, Inc. 
4569-A Las Positas Road, Livermore, CA 94550 

VOC: 510 447-2030 • FAX: 510 447-4559 • www.rackco.com 

from THE 
:;:::i 
PJ 

":>;"" 

s 
0 
~ 
:i-

Circle 111 on Inq uiry Card. 
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FREE E NGINEERING S OFTWARE C ATALOG 

Engineering Software Direct is 
iillN•~~\ your #1 source for engineering 
- 1-- -cr..1\ software! The more than 1,000 

products listed in this catalog 
were developed by companies 
and practicing engineers and 
represent a vast resource of 
tools that can help you get 
your job done better, more 

l9l accurately, and more quickly. 

MV't~rv98.9044 
Scilech lnternalionol 2S2S N. Elston Ave., Chicaga, ll 60647 •Tel 773.486.9191 
Fax 773.486.9234 •e-mail info@scitechint.com •URL http://www.scitechint.com 

Circle 117 on Inquiry Card . 
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Mathematical/Statistical • On-Line Services • 
Programming Languages/Tools Programming Languages/Tools • Security 

Killer CAKE 

Computer arithmetic and database for DOS OS/2 WIN 

Save the most precious thing in the world... your time. 

Tired of memory problems? Fed up with wasted hours? 

Substitute for your spreadsheet. Perteet for LAPTOPS. 


Payroll-Estimates-Sales Figures-Homework-Banking 

CLOU CONSULTING offers 3free upgrades to first 1000 


Simply $67.00 plus shipping. 

Order: 1·800-226-0640 Fax: 612-553-01 47 


VISA MC AM-EX DISCOVER 


1400-F Hwy 101 North, Suite 183, Plymouth, MN 55447 

Circ le 118 on Inquiry Card (RESE LLERS : 119). 

Convenience 
We' ll reg ister your domain, and even 
help you find a Web designer if you 
need one. There's no faster way to 
put your site on the Web. 

Performance 
We pow er your site w ith stat e of 
t he art Silicon Graphi cs servers, t hen 
blast your data t o the internet over a 
fiberoptic T3 line. Your site w ill be 
running at the speed of light ! 

Reliability 
We employ full y redu ndant servers, 
w ith un int errupt ible power and 
generator back-up. W hen your 
Cust omers come call ing, your Web 
site w ill answ er. 

Circ le 120 on Inqui ry Card (RESELLE RS : 121) . 

Learn Java'" Programming ... 
Simply, Quickly! 

Use the OML Learning - . " 
Series·· to master Java 
programming quickly. It 
is the only CBT that 13 :.;::=~~'liii'.'. 
offers you "traditional" 
and " by example" 
learning styles. The 
Java Series features: 

Java Series - I'" Each series: 579 5249
(Basics) 

Any 2 series: 5149 5399Java Series - II'" 
(Object Model) Any 3 series: 5199 5549 

Java Series • Ill'" All 4 series: 5249 5649 
(Fundamentals) Other series: Call 

Java Series - IV'" 800-6789-0ML(AWT) 

Individual Corporate 

Go with Hiway 
The World's #1 Web 
Hosting Company 

Hiway

Technologies 
A HOME FOR YOUR PAGE 

http://www.hway. net 

(800) 339-H4W9A 2Ys 

e-mail: sales@hway.net 

Call us for 
information, 
and FREE 
Demo Software 

Visa 
MC 
Amex ® 
...@:>-­

OBJECT 
M A N A G EM E N T 
L A BOR ATOR Y 
TEL: 805-373-8111 
FAX: 805·373-811 6 

Lahe,,. 

Computer Systemt>. Inc 'J 

Fortran is our forte 
Special/Zing in Fortran 


Lang11age Systems Since 1967 


The Lahey Advantage 
FREE, unlimited, 


expert technical support. 


Guaranteed bug fixes or 

workarounds within 


60 days. 

• Fortran-smart Windows 

30-day Development Environment. 
money-back \) • DOS,Windows 3.1x, 
guarantee. ' Windows 95 and 

• \IL ~~ ,. , ' &Otll NT Support. 
FREE '11\l~ll\NWW.\ab~ ~ • DLL interfaces to VB, 

product patches - ­
on the Web at 

http://www.lahey.com. 

800·S4t8-4778 
or 

7t2-831·2S• 
Fax: 702-831-8123 
sales@lahey.com 

http://www.lahey.com 

Circ le 1 22 on In quiry Card (RESELLER S: 1 23) . 

"Run C/ient/§erverApplications 
§ecure/y over the Internet" 

iii Use the Internet as a secure virtual Wide Area Network 

ii Develop powerful Internet applications using 4GL tools 

ii Use SQLWindows,Visual Basic, Powerbuilder, Delphi, C++ ... 

ii Provides automatic data-stream encryption for all SOL data 

ii Uses RSA security and Netscape's secure socket references 

ii Includes a complete enhanced version of SOLBase v6.1 

ii Transparent to users, developers and administrators 

Use the Internet to securely access 
your c lienVserver applicat ions 

Use CllenVServer tools for 
remote access solutions! 

DUNN 
systems , inc. 

Pricing slarts at $1,595 for a 5-user version 


Call 1-800-486-DUNN ext. 405 

http://www.dunnsys.com 

LF90 
Delivers! 

Speed. Dependability. 
Great Tech Support. 
Create Fortran programs or port 
legacy code to the PC with the 
most-productive, best-supported 
Fortra n 90 language system. 

Lahey Fortran 90 

VC++, and Borland C++. 
• State-of-the-Art Intel 

Pentium and Pentium Pro Optimizations. 

US $895 
Educational, multiple-copy, and 
site-license pricing available. 

Lahey Computer Systems, Inc. 
865 Tahoe Blvd., P. O. Box 6091 
Incline Village, NV 89450 U.S.A. 

Circ le 1 24 on Inqui ry Card. Circ le 1 25 on Inqu iry Card. 
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A DIRECTORY OF PRODUCTS AND SERVICES 

THE BUYER'S MART is a unique 
classified section organized by 
product category to help readers 
locate suppliers. Each ad has Inquiry 
numbers to aid readers requesting 
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 

BAR CODE 

Labeling Software 
For DOS and Win dows with dot-matrix, Lase rJ et or 
DeskJet. Easy WYS IWYG design. Any formal/size. Mix 
big text , bar codes, and PCX graphics. Formats for AIAG, 
KMart , Sears. MIL-STD, Penneys, WalMart. File Input . 
Labe lRIGHT for DOS-$279. LabelRIGHT for Wlndows­
$295. 

30 Day Money Back Guarantee 

Worthington Data Solutions 
(408) 458-9938 800-345-4220 

RF Terminal 
Communicates 2 way to Serial Base Station from 
400-1000 tt. Easily covers 1,000,000 square feet. 1­
16 terminals per base stat ion . Keyboard, wand , 
CCD or laser scanner input. 16 Selectable frequen­
cies. Small size and low weight - 14 oz. with batter­
ies. Base Station - $845 Terminal - $1095. 

http://www.cruzio.com/-wds 

Worthington Data Solutions 
3004 Mission Street• Santa Cruz, CA 95060 

408-458-9938 •FAX 408-458-9964 800-345-4220 

Windows Bar Code Fonts 
Add bar codes to any font based Windows pro­
gram. Fonts designed for dot matrix, DeskJet 
and LaserJet. Print Codabar, 2 of 5, Code 128, 
UPC/EAN and Code 39 inside your Windows 
program. TrueType fonts, bitmaps and metafile 
support included. Only $199. 

Worthington Data Solutions 
(408) 458-9938 (800) 345-4220 

Portable Reader 
* AA Battery Operated, 64K or 256K 

* Display messages and optional voice messages 
tell operator what to do. Messages are easi ly 
recorded (like answering machine) in any 
language. This unit is EASY! 

* Double duty as Non-portable Reader 

* 4x20 Supertwist LCD Display, 35 Rubber Keys 

* 2 Built-In Inventory Programs or create custom 

* Download tables and Pick Lists 

* Wand, CCD, or Laser Scanner Input 

* Reads 2of5, UPC/EAN, 128, Code 39, etc. 

* 2 year Warranty on Reader & Wand 

* 30 Day Money Back Guarantee 

* 64K Complete wi th Integrated Laser- $1299 

* 64K Complete wi th Steel Wand - $799 

* Small Size and very long battery life 
http://www.cruzio.com/-wds 

Worthington Data Solutions 
3004 Mission Street • Santa Cruz, CA 95060 

408-458-9938 • FAX 408·458-9964 800-345-4220 

typewritten copy. 2"x11hs" ad approximately 2 months prior to issue RATES(Jan.1996) 

can include headline (23 characters date. For example: November issue 3·5 6-11 12 
issues issues issues 

maximum), descriptive text (300 closes on September 8. Send your 
1 ad $790 $760 $665 

characters is the maximum recom- copy and payment to : 
2"x1 1/e" 2 ads/issue - 635 

mended) plus company name, THE BUYER'S MART, BYTE 
3 ads/issue - 600

address, telephone and fax number. Magazine, 1 Phoenix Mill Lane, 
2"x2 s/s" ad has more space for Peterborough, NH 03458. For more 1 ad $1,580 $1,515 $1,330 

descriptive text (850 characters is information please call Vivian Bernier 2"x25/e" 2 ads/issue - 1,265 

the maximum recommended). in BYTE sales at 603-924-2521 or 
DEADLINE: Ad copy is due FAX: 603-924-2683. 

BAR CODE 

Bar Code Readers 
for PC, XT, AT, PS/2, Macintosh 

and Serial Terminals 
* Attaches as 2nd Keyboard, no software changes 

* Reads 2of5, 128, UPC/EAN. Code 39, etc. 

* External or Internal attachment on PC 

* Wand, CCD, Slot Badge, Magstripe or Laser 

* Supports DOS, Novell , UNIX, Mac OS, etc. 

* 100+ Configurable Options 

* Supports USA and International Keyboards 

* 2 Year Warranty, 30 Day$ Back Guarantee 

* Direct From Manufacturer 

* Top Rated by Independent Review 

* Complete with CCD Scanner - $399 

* Complete with Laser Scanner - $655 

* Complete Wand only Reader- $299 
http://www.cruzlo.com/- wds 

Worthington Data Solutions 
3004 Mission Streel • Santa Cruz, CA 95060 

408-458-9938 • FAX 408-458-9964 800-345-4220 

Portable Bar Code Reader 
> Use as a PORTABLE, WEDGE, or SERIAL 
> 9V Battery Operation with Lithium Backup 
> 2x16 Supertwist LCD Display 
> 54 Key Keyboard with Separate Numeric Keys 
> Real-time Clock Supports Date & Time Stamps 
> Reads all Popular Bar Codes (16 types) 
> Wand, CCD, Laser, or Serial Input Devices 
> Built-In Program Generator 
> Create Your Own Custom Programs 
> 6 Built-In Inventory Programs 
> Up to 250 Programs Can Reside in Memory 
> Create up to 250 Data Files per Program 
> Up to 250 Look-Up Files in Memory 
> Built-In Calculator 
> Supports HAYES Compatible Modems 
> 64K Memory with Data Compression 
> 30-day $$ Back Guarantee - 1 Year Warranty 
> Complete Unit with WAND Scanner - $795 

AMERICAN MICROSYSTEMS 
2190 Regal Parkway, Euless, TX 76040 

(800) 648-4452 (817) 571 -9015 FAX (817) 685-6232 
www.amltd .com 

WINDOWS™ LABEL PRINTER 
GEMINI is the ADC industry's first Windows-only label 
printer. Impeccable print quality, rugged all-m etal con­
struction. many bonus features standard; allows you to 
print labels and bar codes from the Windows applica­
tions you already use, without special labeling software 
or programming . Reseller inquiries welcome. 

THARO SYSTEMS, INC. 
P.O. Box 798, Brunswick, OH 44212-0798 

hltp://www. lharo .com/1haro/ Internet e-mail: tharo@lharo.com 
330-273-4408 Fax: 330-225-0099 

Inquiry 451. 

3 ads/issue - 1,200 

••••••••COLOR - Add$100••••••••• 

BAR CODE 

BAR CODE READERS 
For PC, XT, AT, PS/2, & Serial Terminals 

> Emulates Keyboard: Works With Any Software 
> Data Appears as Keyboard Input 
> Uses Enhanced Decoding Algorithms 
> Accepts Wand, Slol/Badge, CCD, Laser, 

Magnetic Stripe Reader, & RS232 Serial Input 
> Reads All Popular Bar Codes (16 types) 
> Reads HIGH, MEDIUM, & LOW density codes 
> Auto-Discriminates Between Bar Code Types 
> Easily Programmed with a Bar Code Menu 
> Over 140 User Configurable Options 
> Daisy Chain Up to 96 Readers 
> Supports NOVELL Networks 
> Supports US & INTERNATIONAL Keyboards 
> Direct From Manufacturer 
> 30-day $$ Back Guarantee, 1 Year Warranty 
> Complete Unit with LASER Scanner - $645 
> Complete Unit with CCD Scanner - $299 
> Complete Unit with WAND Scanner - $299 

AMERICAN MICROSYSTEMS 
2190 Regal Parkway, Euless, TX 76040 

(800) 648-4452 (817) 571-9015 FAX (817) 685-6232 
www.amltd .com 

Bar Code Printing Software 
LabelWorks for Windows 

> Prints 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, PC X, WPG, WMF, TARGA 

> Supports Virtuall y all Windows Compatible 

Printers (Postscript, Laser, & Dot Matrix) 

> 30-day Money-Back Guarantee, $295 

'"CALL FOR FREE DEMO SOFTWARE"' 

AMERICAN MICROSYSTEMS 
2190 Regal Parkway, Euless, TX 76040 

(800) 648-4452 (817) 571 -9015 FAX (817) 685-6232 
www.amltd .com 

BOOKS 

12,000 COMPUTER TITLES 
Easy browsing & ordering in our online stores. 
Computer books from 450 publishers. Web URL 
http://www.compubooks.com. Excellent customer 
service &technical assistance. Worldwide FedEx & 
USMail shipping. MCNisa/AmEx/Novus/JCB cards. 

CompuBooks" Online Bookstores 
512-321-9652 Fax 512-321-4525 800-880-6818 
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BUYER ' S M A R T A DIRECTORY OF PRODUCTS AND SERVICES 

Circuit Design Software for Windows 
Easy-to-use schematic entry, PCB design, and simu­
lation software, starting at $149 each. Complete PCB 
package with schematics, autorouter, and layout for 
2-layer circuit boards, $399. Enhanced version with 
autoplacement, more symbol libraries, and up to 16 
layers, $649. CAM file outputs. 

Mental Automation, Inc. 
5415 1361h Place, SE-Bellevue WA 98006 

(206) 641-2141 FAX (206) 649-0767 BBS (206) 641-2846 
http://www.mentala.com/ 

Inquiry 452. 

CAD/CAM 

CONTOURING MOTION CONTROL 
F~~~,.~ ~P~!~!!'tt~~~RT! $249 

VERSION 3 VISA/MC 
•Controls up to six step motors simultaneously. 
• Linear and Circular Interpolation. 
• New features to accommodate machine cont rol. 
• Easy-to-use device driver. Super Manual. 
• CAD-CAM interface ava ilable. 

Corpora1ion, 1422 Arnold Ave.
Ability Systems 	 Roslyn, PA 19001(215) 657·4338 

FAX: (215) 657-7815http://www.abilitysystems.com 

Inquiry 453. 

CAD Solutions Software 
TG-CAD Professional v.6.0 

A 16 & 32 bit CIC++ Windows 95, Win NT & Win 3.1 

CAD Developers Kit. The best in CAD/CAM soft­


ware ki ts. Free Demo and Technical Paper. 

1-800-635-7760 


Fax: 214-423-7288 BBS: 214-881-9322 

Disk Software, Inc. P.O. Box 941152, Plano. TX USA 75094 

E-Mail: disksoft@ix.netcom.com 

Inquiry 454. 

CD-ROM 

Consolidated CDROM, Inc 
Worldwide suppliers of CD-ROM software. 


We do import, export , publishing & d istribution. 

We also buy & sell all types of memory chips. 


Dealers Wanted! 


102 Greenwood Ave Wyncote PA 19095 USA 


BOO-BCD-ROMS 215-572-9B31/215-572-9B32 fax 

Email : cdrom@consldcdrom I www.consldcdrom.com 


Inquiry 455. 

Dr. Dobb'5 CD-ROM Library 
The Software Professional's 


Essential Resource 

Dr. Dobb's collection of CD-ROMs 


helps today's programmers with the 

ever-increasing complexity of their job. 


Featuring these CD-ROMs: 

The Al Slevens Cram Course on CIC++ S69.95 
Essential Books on Al gorithms and Data Structures $59 .95 
Essential Books on Graphics Programming $69.95 
Essential Books on File Formats $69.95 
Alternative Programming Languages $49.95 
Hands-On PostScripl Programming $39.95 

Screen shots and full product details available on our web site: 

www.ddi.com/cdrom/ 

Full, Unlimited Money-Back Guarantee! 

Call : (800) 500·6797 Fax: (913) 841-2624 


Email: orders@mfl.com 

lnt'I : Use mail, fax, Email or call (913) 841 -1631 


Mall Orders: 

Dr. Dobb's CD·ROM Library 

1601 West 23rd St., Suite 200, 
Lawrence, KS 66046·2700 USA 

Inquiry 456. 

CD-ROM 

CD-ROMS 
JAVA - Dev Kit, .. . . . . . . . . . . . . . . . . . . . . . . . . . ....... 525.00 


HoWAVA browser. demo applets, on-line docs 
WINDOWS 95.COM...32-bit Shareware Collection. . .. . $30.00 
WINSITE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. $35.00 

Utilities for Windows 3.1, NT, Windows 95, more! 
HOBBES OS/2 . . . . . . . . . . . . . . . . . . . . . . . $35.00 

Software, games, utilities, fixes, updates 
BS DISC - NetBSD, FreeBSD. XFree86 & X11 A6. . . . . . . . $35.00 
INTERNETTOOLS . . . . . . . . . . . . . . . . . . . . . ..... $30.00 

Networking tools & utilities SLIP & PPP 
LINUX Developer's Resource .. . $25.00 

Slackware, Red Hat !, morel 
LINUX Installation & Getting Started Gulde . . ...... $7.50 

245pgmanua1 
LINUXTOOLBOX - . . . . . . . . . . . . . . . . . . ... .$45.00 

CO Set & Install Guide. For beginners! 
MOO·TIFF for LINUX - 100% Motif compatible GUI ...... $99.00 
MOO·TIFF for FreeBSD - 100% Motif compatible GUI $99.00 
MOTHER of PERL . . . . . . . . . . . . . . . . . . . . . ..... ...... $35.00 

Source & binaries for UNIX, DOS. NT, MAC 
RUNNING LINUX .......... . . . ........ .......... $19.95 

sou~7JE~~8~0:1 ~~J rsi~~~~~ G~t1;i~rViews , more ... $30.00 
STANOAROS - RFCs. IENS, ITU/CCITI BlueBook . . $30.00 
TCL/f"K - software 1o develop X-Windows apps ......... . $35.00 
TeX - typeselling tools for mathematical & scientific docs. $35.00 
WORLD WI DE Catalog. . . . . . . . . . . . ...... ...... $30.00 

See theWWWwi!hout beingon-line! 
X-FILES - Complete sources for X11A6 & XFree86 . ... . . . $35.00 
Phone Orders: 1-800-800-6613 We accept 

Fax Orders: +1-520-526-9573 MC, VISA & AMEX 

!n\'I Phone: t 1 ~520-526-9565 


Web Orders: www.infomagic.com E-mail: orders@infomagic.com 


InfoMagic 11950 N. Hwy 89, Flagstaff, AZ 86004 

Inquiry 457. 

CD ROM TOWERS & 

JUKEBOX SERVERS FOR 


ALL OPERATING SYSTEMS! 

RAID NOW AVAILABLE 


No Device Drivers/ MSCDEX needed, Complete Kit 

Nelworks CD Roms, unlimited user license, DISCPORT. 


"JES, NONE BETIER AT ANY PRICE" 
Call NOW: 1 (800) 482-1866 305·597-3980 

http://www.jescdrom.com 

Inquiry 458. 

WALNUT CREEK CDROM 
FreeBSD 2.1.5 Rock solid Berkeley Unix for PC w/src. 

2disc set, easy inslall. 6mo updates .. ... $39.95 
Linux Slackware 96 4disc set, Slackware 96 "OFFICIAL" release 
by Palrick Volkerding. lnlerners favorite ............................$39.95 
Cica MS Windows 2 disc set. 1900+Windows programs. 

games. drivers, fonts. shells, src. Indexes in German/ 
llal ian/frenclVEnglish/Japanese. Ouar. updates .............$29.95 

Hobbes OS/2 1000 MB free/Shareware drivers. app 's, 
etc. OS/2 Mag 's producl ol lhe year! 6 mo updales .....$29.95 

Simtel MSOO S. 2discs, premier Internet lechnical, 
programming f ree/Shareware.. . .. ... $29. 95 

Black hawk - New Win. 95 shareware co llection ............ $29.95 
Internet Info 13,400 doc's. FAQs, FRCs, & IENs .. ......$39.95 
Music Workshop Music prog ., midi, demos. etc ..............$39.95 
Project Gutenberg 560+ must-read works of literature. 

Each documenl is in ASCII lormal lex!. ... .................. .. $39 .95 
Scienlilic library Technical shareware. DOSN/in ... . .... $39.95 
POV-Ray Ray-tracing images, src, documenlalion... . ... . $39.95 
70+ titl es about Windows 95 & NT, gam es. Tel, perl, ORZ! 
Ham Radio, Music, Fonts, Royally-free images 

Call for your FREE catalog today! 
All our products have a llM l'l1fil lllLC.Wll!ilifi !ll!i!lanlllt 

1-800-786-9907 
4041 Pike Lane, Ste 0-215. Concord, CA 94520 

+1-510-674-0783 Visa/MC/AMEx, Fax: +1-510-674-0821 
orders@cdrom.com http://Www.cdrom.com/ 

Inquiry 459. 

COMMUNICATION-VOICE/FAX 

lnfoOnCall 
Your Communications Solution 

Customizable phone operator, voice mail box, and 
fax machine all in one! Create: 

Automated tech-support • Co. news by voice or fax 
Product lists• Pager• and much more! 

For OS/2, Win 95, Win 3.1, & DOSI 

TTC Computer Products (972) 594-8103 
Download the demo at www.lnfoOnCall.com 

Inquiry 460. 

DATA ENTRY SOFTWARE 

DATA ENTRY SOFTWARE 
Full featured, heads-down data entry 


with two-pass verificat ion, edit language, 

output record reformat, operator statistics, 


key from images (NEW!), free tech support. 

For PC, PC LAN, S/36, AS/400. 


FREE 30 day trial. 
Computer Keyes Tel: 206-776-6443 
21929 Makah Rd., Fax: 206-776-7210 
Woodway, WA 9B020 USA: B00-356-0203 

DATA RECOVERY 

We Can Save It! 
All Platforms • All Storage Devices 

Proprietary techniques so advanced we 
rescue data others simply abandon. 

DRIVESAVERS 
Restoring data since 1985 
1-800-440-1904 

415-883-4232 

Inquiry 461 . 

The Leader in Data Recovery 
• 	 Expertise in virtually every operating system 


& media storage device. 


• 	 Emergency services with calls answered 
24 hours a day. Call lor a FREE consultation! 

ONTRACK DATA RECOVERY 
Mpls • LA• DC • London• Tokyo • Stuttgart 
1·800·872·2599 • www.antrack.com 

Inquiry 462. 

DATA RECOVERY when l.T. Matters 
• Tape, O ptical or G.D. Media 
• Accidental O verwri tes 
• Ha rdware or Softwa re Failure 

VOGON 
Europe Tel +44 (O) 11 8-989-0042 Fax -0040 
USA Tel 405-321-2585 

Fax 405-364-8242 
Germany Tel +49 (0) 180-522-15-42 

Fax +49 (0) 89-69-37-00-55 

Inquiry 463. 

DATA/DISK CONVERSION 

CONVERSION/DUPLICATION 
Tape: 4MM , QIC , 8MM, DLT, 9-trk, 3480/90/90E 

Disk: 3" , 3'/,'', 5'/,", 8" CD-ROM 

1-800·357-6250 
Shaffstall Corporation 317-842-2077 
7go1 East 88th Street Fax 317-842 -8294 
Ind ianapolis IN 46256 sales@shaffstall.com 
Since 1973 http://www.shaffstall.com 

EDUCATION 
8.5. & M.5. In COMPUTER SCIENCE 

The American Institute For Computer Sciences otters an in­
depth home study program to earn your Bachelor of Science 
at home. S.S. subjects covered are: MS/DOS, BASIC, 
PASCAL, C, C++, Data File Processing, Data Structures & 
Operating Systems. M.S. program includes subjects in 
Software Engineering and Artificial Intelligence. Ada and 
Using Windows courses also available. Accredited Member: 
World Association of Universities and Colleges. 

AMERICAN INST. for COMPUTER SCIENCES 
2101·BY Magnolia Ave., Suite 200, Birmingham, AL 35205 

1-800-767-2427 1-205-323-6191 
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B UY ER' S MART A DIRECTORY OF PRODUCTS AND SERVICES 

ENGINEERING SOFTWARE 

ENTERPRISE WIDE VIEWING AND MARKUP 

Use AutoVue Professional to view and mark up documents. 
Gain access to over 160 file formats from engineering, vec­
tor, raster, hybrid, wordprocessor, spreadsheet, database, 
lax, and more. Supported formats include AutoCAD OWG, 
MicroStation OGN , TIFF, Word, WordPerfect, Excel, and 
more. Available for Windows, DOS, and UNI X. 

Cimmetry Systems Inc. 
(800) 361-1904 Tel: 514-735-3219 Fax: 514-735-6440 

Inquiry 465. 

HARDWARE 

Pre-Owned Electronics, Inc™ 
THE Independent Provider, serving the Dealer, 


Professional, Corporate, Government, and 

Educational Buyer since 1985. 


APPLE 11° & MACINTOSH® 
SYSTEMS• PARTS• EXCHANGE REPAIRS 

Call for a Catalog. .800-274-5343 
Office: 617-778-4600 •FAX: 617-778-4848 

125 MIDDLESEX TURNPIKE• BEDFORD, MA 01 730 

Inquiry 466. 

HEWLETT·PACKARD 

Buy - Sell - Trade 


LaserJet ColorPro 
DeskJet DraftPro 
RuggedWriter DraftMaster 
Electrostatic Plotters DesignJet 

HP 9000 Workstations and Vectras also available. 
Ted Dasher & Associates 

Your Hewlett Packard Remarketing Specialist 
Phone: (205) 591-4747 Fax: (205) 591-1108 

(800) 638-4833 E-mail : sales@dasher.com 

Inquiry 467. 

INTERNET PRESENCE 

" Virtual Web Hosting" 

www.YourName.com 

$24.95/mo. 
(800) 808-9241 I FREE "web" Page 

http://PIC K.NET RESELLERS Welcome 

Inquiry 468. 

LANS 

Little Big LAN 
The most flexible network 

Peer lo Peer LAN lo 250 nodes 
• 	 $75 lotal sollware cosl, nol per node! 


Link via serial, parallel, or Modems 

• 	 Also via Ethernet or Arcnel, or mix! 
• 	 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 469. 

LASERJET PCL VIEWER 

Visual PCL- End-user & Developer Versions 
View your multi-page PCL5e print files in Windows 
complete with all fonts and macros. Print to non­
PCL printers. Fax using standard Windows soft­
ware. Uses true PCL5e lntellifont typefaces and 
rendering software. Runs under Windows 95. NT 
and 3.x. Full evaluation avai lable on Web site. 
16/32 bit Libraries available for OEM integration. 

Visual Software http://www.visual.co .uk 
Fax: +44 1306 742 425 geddes@visual.co.uk 

Inquiry 470. 
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MULTITASK KERNEL 

SERIAL DRIVER RS232 
EASYTASK 4.0 perfectly suits requirements of scientific 
laboratories and automation departments for measure­
ment, alert or robotics application. For DOS, DPMI and 
Windows. No royalties. 
MTASK Pro for Pascal, Delphi or C++: USO $500, Super 
Pack including complete source code: USO $2000. 
Prices do not include VAT, Taxes and shipping. 

RAMSI 
40 Bow Lane, London EC4M 9DT, U.K. 

Fax: +33 - (0) 1 4632 48 37 E-mail: ramsi @easynet.fr 


Inquiry 471 . 

PROGRAMMERS' TOOLS 

High-Speed xBASE Engine for Java••• 
C, C++, Visual Basic and Delphi programmers. Get 
multi-user compatibility with FoxPro, Clipper and 
dBASE files. CodeBase is portable between DOS, 
Windows and UNIX! Includes client/server option 
as well as data-aware custom controls and a visual 
report writer! 

FREE 30 day test drive! 

Coll Sequiter Software Inc. for details. 


Phone 403 437-2410 FAX 403 436-2999 


Inquiry 472. 

SECURITY 

Az-TECH SOFTWARE, INC. 
Leaders in Software Security 

nnlOCK hfe·D nnKn 
Phone: (816) 776-2 700 dlO 


Fax: (816) 776-8398 * Dept: SMG-31 0 

Internet: www.az-tech.com 

E-MAIL: sales@az-tech.com 

Inquiry 473. 

THE ULTIMATE SOFTWARE SECURITY 
e STOPCOPY lamily - UNCOPIABLE copy proteclion 
• STOPVIEW software encryplion 
• NETUMIT network license metering 
• DOS, Windows (3.X, 95, NT), Mac, 0512, support 
• 	 Machine Tie, Internet Protection, CO-ROM Protection, 

Serialization, Date & Execulion Limitation, Registration, 
Remote Aulhenlication, Concurrent User Limitalion 

• Our products destroy ALL ol our competition 

BBi Computer Systems, Inc. 
14105 Heritage Lane, Silver Spring, MD 20906 

800/TRY·ABBI • 800/879·2224 • 301/871-1094 • FAX: 301 /4 60-7545 
E-mail: bbl@bblcs. com • Web: htlp:l/www.bblcs.com 

Inquiry 474. 

CRYPKfY SOfTWARf llCfNSING SYSHM 
"Software Protection with NO hardware lock and NO disk key" 
CrypKey is soltware copy protection that is: 

• completely secure fromany disk copy program 
• perlect for CD·AOM or INTERNET dist ribution! 
• cost effective, user friendly, and 100% guaranteed 

to satisfy! 

CrypKey can increase your sollware sales: 


• upsell options and levels of your software 
• lea se or demo your software by runs or time 
• enable or upgrade your customers Instantly 

by phone , fax or ematll 
Newl unique Ready-To-Try feature upon inslall allows 1 trial 
period only per customer. Newl unique Add·On feature - add 
more options, levels, runs or time to existing licenses. New! 
CrypKey Instant- protects in just 5 minutes wi th no source 
code changes. 
CrypKey is complete ly compatible wilh MS·OOS, MS-Windows 
3.x, Win32s, Win95, Win NT, and manages network licenses 
on all Novell and Microsoft operating system based networks. 
CrypKey is produced by Kenonic Controls Ltd. - software and 
engineering since 1972. 

Kenonic Controls Limited 

7175-121h Slreet South East 


Calgary, Albe~a . Canada T2H 2S6 

(403) 258·6200 •tax: (403) 258·6201 


INTERNET: crypkey@kenonic.com 

WEB: http://Www.kenonic.com/crypkey.htm 


Inquiry 475. 

SECURITY 

Cop's Copylock II 
Professional software protection. 


DOS, OS2, Win 3.1, Win 95, NT, Networks. 

CD-ROM and Internet Security. 


Known and used world-wide since 1 ga4. 


www.linkdata.com 
LINK Data Security 

lnt'I: + 45 3123-2350 Fax: + 45 3123-8448 

CRYPTO·BOX™ locks in your profits! 
The Marx CRY PTO-BOX is the result of 10 years 

experience in effective software protection. 

• 	microprocessor controls ID codes, memory, dynamic 

algorithm and high speed data encryption 
• remote access to passwords and counters 
• 	 license metering in networks: single key per LAN 


MARX International, Inc. 

4~!e3~~ .;·o~~M~ :_x8;o~~~j\n~~ri°N°-l! p~~~:~:.;'i\i~;1~~06 

Visit our Home Page : http ://www .marx .com 

Inquiry 476. 

KEY-LOK II™ SECURITY 
Software Piracy Prevention - Survival 14 years proves 

effecliveness. Active algorithm, programmable memory, 

counters, date control, remote update. No 10 on device. 


Low pricing (e.g. $16.50 each for 5). 

No startup costs. 


Also, ACCESS CONTROL systems and disk drive/system LOCKS 


MICROCOMPUTER APPLICATIONS, INC. 
3167 E. Otero Circle, Littleton, CO 80122 

http://www.csn.net/keylok 
1·800·453·9565 (303) 770-1917 FAX: (303) 770-1863 

Inquiry 477. 

SOFTWARE/DEVELOPMENT 

ADVANCED DEVELOPMENT TOOLKITS 

EDAT 
Cimmetry System 's Engineering Data 
Access Technology (EDAT) provides pro­
grammers with complete access to CAD 
drawing information. Use EDAT to read , 
query, write and modify AutoCAD DWG , 
DXF, and MicroStation DGN formats. EDAT 
is available on Windows, Win 32s, UNI X 
and DOS. 

VCET 
View enable your app lication with VCET 
(Viewing and Conversion Enabling Tech­
nology) , the most exte n si ve viewing 
libraries. Add v iewing capabilities for over 
160 file formats within your Windows 
application in a matter of hours. The same 
technology used in AutoVue and other 
leading viewing and document manage­
ment software. 

Cimmetry Systems Inc. 
(800) 361-1904 Tel: 514-735-3219 Fax: 514-735-6440 

Inquiry 478. 

SOFTWARE PACKAGING 

FREE SOFTWARE 

PACKAGING CATALOG 


Everything you will need to Package, Distribute, and Ship Your 
Software!! From manuals and binders to mailers and shippers 

LABELS LABELS • LABELS 
For your diskettes, plain or custom printed 
dot matrix or laser printer ... free samples 

• ..FREE CATALOG-.. 
Hice & Associates 

8566 Monticello Dr. , West Chester. OH 45069 
Phone/Fax: 513-779-7977 

Inquiry 479. 
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BUYER'S MART A DIRECTORY OF PRODUCTS AND SERVICES 

SOFTWARE/ENGINEERING 

Analog/Digital Simulation!! 
• Windows , NT, DOS • Model Libraries, RF, Power 
• Power Mac, Macintosh • More Than 5000 parts 
• ISSPICE4 RealTime SPICE • Waveform Analysis 
• Mixed Mode Simulation • Full SPICE programs 
• Schematic Entry starting at S95. Complete 
• New AHDL Modeling Kit!! systems, $595-$2595 

P.O. Box 710 San Pedro, CA 90733·0710 • tusoft 
(310)833-0710, FAX(3 10)833-96581n 

Call for your Free Demo and information kit. 

Inquiry 480. 

SpiceAge*4W 
Windows Analog Circuit Simulator 

The "value for the dollar" package you've heard about! 
+ High speed lnteraclive Real-time analysis: AC, DC, 


Transient, Fourier, Temperature • Fast primitives 

• Added functions • Gain, phase. lmpedence, group 


delay, noise, reflection coeff. and MORE are included + 

Slarling al $895 


Tatum Labs, Inc. 
1287 N. Silo Ridge Drive, Ann Arbor, Ml 48108 

313-663-8810 FAX 313-663-3640 

Inquiry 481. 

SOFTWARE/GRAPHICS 

The Next Generation of 

Imaging ToolkitsTM 


lmageGear™ 6.0 
Acc uSoft announces the new standard 
in imaging technology - lmageGear 6.0™ , 
the most comprehensive imaging toolkit on 
the planet'~ 

New Features include: 
~· Over 45 Raster Image Formats! 
:!: Fastest JPEG, Group 3/Group 4
*Over 100 new API !unctions 

~· Available for all platforms 

''' New GUI functions
*Faster image display & transparency 

·~ Display with sub-pixel accuracy 

''' Advanced image processing 

'1~ Faster image compression 
::: New display features, effects, and more' 

AccuSoft Corporation 
Call (800) 741-7130 

www.accusoft .com 
TELl 5G8l 898-277Q I FAX 1508) 898-9662 Qept. BM4 


2 Westborough Business Park Westborough, MA 01581 USA 


Inquiry 482. 

TELEPHONE OFFICE SIMULATOR 

Telephone c/o Simulator 
• PBX - C/O line voltages 
• Power Ringing wilh patterns 
• Dial codes for cJo responses 
• Call ID (FSK) in many formals 
• You can script call id, tone bursts, etc. 
What do you need? 

Dianatek Corporation 
122 Keyser Street, North Sutton NH 03260-0616 

Voice: 603-927-4955 Fax: 603-927-4715 
E-Mai l: d fa natek@conknet.com 

WINDOWS 

FREE INTERNET 

Free PPP, Get On-Line Immediately, Telnet 
to other BBS's, Surf the World Wide Web, 

28.8k modems 

, .9, 4·346·, 777 
All You Pay For Is The Call 

Inquiry 483. 

SOMETHING MISSING? 

Complete your BYTE collection by ordering Back Issues today! 

1991 1992 1993 1994 1995 1996 

January 

February 

Ma rch 

April 

May 

June 

July 

August 

September 

October 

Nove mber 

December 

Specia l Issues Port ~ bili ty BGuidtSummtr'9J 

8Guidthll'9J 

Special Issues U.S. Delivery $3.00, Foreign Delivery $4.00 · 1990 thru 1996 U.S. Delivery $6.50, ForeignDelivery $8.50, 

Ca nada Et Mexico $7.00 ·All issues prior to 1990 U.S. Delivery $3.00, Foreig nDelivery $4.00.(Call for ava ilability)These 

pri ces include: postage (U S}. surface mail (foreign). · All checks must be in U.S. funds and drawn on a U.S. bank. 

Please incli ~ate which issues you would like by checking (.I) the boxes. Send requests with payment to: 

Back Issues, 

One Phoenix M ill Lane, 

Peterborough, N.H. 03458 

(603) 924-9281 

Check enclosed Charge: 

VISA MasterCard American Express 

Ca rd # 

Exp. Date 

Name 

Si gnatu re 

First Name 


Last Name 


Address 


Address 


Ci ty 


State Zip 


~ 
A Dil'is ion o(Tl1eMcGra 111·Hill Coinpm1ics 

Window' Window1 '93
Outlook '92 
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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! 
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88-89 ACI SYSTEMS 
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BYTE Advertisers Deliver the 

Information You Need - FAST! 


FAST: _.... 

INQUIRE BY MAIL 
Enter your name 
and address at right. 
Then circle the 
inquiry numbers 
that correspond to 
those on the 
advertisement or 
BYTE article, 
and mail this 
attached card. 

FASTER: 

INQUIRE BY FAX 
Enter the 
information as 
described above, 
then fax this 
card to: 

800·571·7730 


FASTEST: 

INQUIRE ON 
THE INTERNET 
Access BYTE's 
home page at: 
www.byte.com 
and click on Free 
Product Information. 
Follow the 
instructions on-line. 

IU\I I I 


YES! I want FREE pr:od~~~Jnf~r~_ation from the following advertisers 
A Business/Industry. (Check one) 

t O System Integrator. VAR. Computer Service Bureau. 
Software Planning &Consulling Service 

2 O Manufacturer (other than computer) 

Fill out this coupon carefully. Please print. 

Name 3 O fmance/lnsurance/Real Estate 
First Last 4 0 Educat10n/MedicaVLaw 

5 O Business ServiceTitle 
6 :::J Manufacturer of Computers. Data Systems Hardware 

or Peripherals (OEM) 

Com an 7 0 Government: Federal/Slate/Local 
8 O Pubic Uilrties. Communications Sys1ems or Transportanon Sysjfms 
9 O Wholesate/Retail/Trade 

Address 	 10 0 0ther(Pleasespecify): __________ 

B. 	 T1tle/F11ncllon: (Check one) 
11 O Senior Com panyManagement 
12 O Sen10r IS/IT Management 
13 ::J IS/ITManagement 
14 ::J Application OevelopmenVlntegrallon 
t 5 O T ech111ca l Suppon Services 

Ci 
t6 0 0perat1ons/Manulac1uring 
1i 0 Systems/Networkmg 
18 O Systems Engineerrngllntegrallon 

Stale Zi 19 O Department Management (non·IS/MIS) 
20 0 Consulllng 
21 O Other (Please specify): ----·---- ­

Phone C. Do you evaluate. specify. recommend . purchase: (Check all that app~) 
22 O Application De velopme nt Produ cts 

Fax 23 O Networking/Communication Products 
24 0 0pera!lngSystems 

25 O Large Systems (Mainframes/Minis) 


Advertl1&r Inquiry Numbenl 

1 2 3 4 5 6 7 
18 19 20 21 22 23 24 
35 36 37 38 39 40 41 
52 53 54 55 56 57 58 
69 70 71 72 73 74 75 
86 87 88 89 90 91 92 

103 104 105 106 107 108 109 
120 121 122 123 124 125 126 
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171 172 173 174 175 176 177 

8 
25 
42 
59 
76 
93 

110 
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144 
161 
178 

9 10 11 12 
26 27 28 29 
43 44 45 46 
60 61 62 63 
77 78 79 80 
94 95 96 97 

111 112 113 114 
128 129 130 131 
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179 180 181 182 

1~1~1001~ 1~1m1941%1% 1~ 1%1W 
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222 223 224 225 226 227 228 229 230 231 232 233 
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13 14 15 16 17 
30 31 32 33 34 
4;· 48 49 50 51 
64 65 66 67 68 
81 82 B3 84 85 
98 99 100 101 102 

115 116 117 118 1t9 
132 133 134 135 136 
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166 167 168 169 170 
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200~ 2~ W3~ 
217 218 219 220 221 
234 235 236 237 238 
251 252 253 254 255 

~~m&B~m~™~™™~•mmm 
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 30 1 302 303 304 305 306 
307 308 309 310 311 312 313 314 315 316 317 318 319 320 321 322 323 
~mmmmmD~mm•mammm~ 
341 342 343 344 345 346 347 348 349 350 35t 352 353 354 355 356 357 
358 359 360 361 362 363 364 365 366 367 368 369 370 371 372 373 374 
375 376 377 378 379 380 381 382 383 384 385 386 387 388 389 390 391 
•~•••m••~~-~~aa~a 
409 410 411 412 413 414 415 416 417 
426 427 428 429 430 431 432 433 434 
443 444 445 446 447 448 449 450 451 
460 461 462 463 464 465 466 467 468 
477 478 479 480 481 482 483 484 485 
494 495 496 497 498 499 500 501 502 
511 512 513 514 515 516 517 51B 519 
528 529 530 531 532 533 534 535 536 
545 546 547 548 549 550 551 552 553 
-~~~-~~~~
579 580 581 582 583 584 585 586 587 

Product Category 
Information 

To receive information for an 
entire category, circle the appropriate 
number in box above. 

Hardware 
Accessones/Supplies 1 
Add-in Boards 2 
Communications 4 
Computer Telephony 60 
Data Acquisition 6 
Desktops 5 
Diagnostic Equipment 53 
Disk Dnves 7 
Fax Boards/Machines 9 
Input Devices 10 
ISDN Hardware 61 

418 419 420 421 422 423 424 425 
435 436 437 438 439 440 441 442 
452 453 454 455 456 457 458 459 
469 470 471 472 473 474 475 476 
486 487 488 489 490 491 492 493 
503 504 505 506 507 508 509 510 
520 521 522 523 524 525 526 527 
537 538 539 540 541 542 543 544 
554 555 556 557 558 559 560 561 
mmmmmmmm 
588 589 590 591 592 593 594 595 

Laptops & Notebooks 13 
Mass Storage 23 
Memory/Chips/Upgrades 15 
Midrange/Mini Computers 62 
Miscellaneous Hardware 16 
Modems/Multiplexors 17 
Monitors & Terminals 18 
Multimedia/CD·ROM 19 
Network Hubs/Switches 63 
Networking 64 
Optical Drives 65 
PC MC IA 57 
Prin1ers/Plotters 20 
Programmable Hardware 21 
Scanners/OCR/Digitizers 22 
SCSI/Peripheral Interlaces 59 
Secunty 52 
Seivers 66 
UPS/Power Management 24 

596 597 598 599 600 601 602 603 604 605 
613 614 615 616 617 618 619 620 621 622 
630 631 632 633 634 635 636 637 638 639 
647 648 649 650 651 652 653 654 655 656 

26 ::J Desktops (Micro's/Workstations) 
27 ::J Systems Software Produ cts 
28 O Application Software Products 
29 O Penpheral Equipment 
30 O T elecommunicalions Services 

O How manypeople are employed at this 
location and your entireorganiza11on: 
At this location Entire Orgamzat10n 

310 10.000+ 37 0 
320 5,000·9.999 380 
330 1.00Q-4.999 390 
34 0 500·999 40 0 
35 0 100·499 41 0 
360 UnderlOO 42 0 

E Whal is the scope of your purchase 
involvement? 

43 0 Company wide 
44 0 Divisionwide 
45 0 0epanmentw1de 

46 OlndMdual 


December 1996 

I 91 96 99 I 
Valid until February 28, 1997 

606 607 608 609 610 611 612 
623 624 625 626 627 628 629 
640 641 642 643 644 645 646 
657 658 659 660 661 662 663 

~••E••~mmmmmmmmm~ 
681 682 683 684 685 686 687 688 689 690 691 692 693 694 695 696 697 
698 699 700 851 852 853 854 855 856 857 858 859 860 861 862 863 864 
••E•ammmmmmmmmm~~ 

~••••~•-~m~m~e•E• 
899 900 901 902 903 904 905 906 907 908 909 910 911 912 913 914 915 
916 917 918 919 920 921 922 923 924 925 926 927 928 929 930 931 932 
933 934 935 936 937 938 939 940 941 942 943 944 945 946 947 948 949 
~~~6~~-~BBB~&~~EB 
967 968 969 970 971 972 973 974 975 

Edttortal Inquiry Numbenl 

mmmm•~•••••E•••~• 
993 994 995 996 997 99B 999 1000 1001 1002 10031004 10051006 1007 10081009 
10101011 1012 1013 1014 10151016 1017 t018 1019 1020 1021 1022 1023 1024 10251026 
10271028 10291030 103110321033 1034 1035 1036 1037 1038 1039 1040 1041 10421043 
1044 1045 1046 1047 1048 10491050 1051 1052 1053 1054 1055 1056 1057 toss 10591060 
10611062 10631064 1065 10661067 1068 1069 1070 10711072 1073 1074 1075 10761077 
10781079 1080 1081 108210831084 1085 1086 1087 1088 1089 1090 1091 1092 10931094 
10951096 10971098 109911001101 1102 1103 1104 11051106 1107 1108 110911101111 
11121113 11141115 111611171118 11191120 1121 11221123 11241125 112611271128 
11291 130 11 311132 113311341135 11361137 1138 11391140 11411142 114311441145 
11461 147 11481149115011511152 1153 1154 1155 1156 1157 11581159116011611162 
11631164 11651166 116711681169 1170 1171 1172 11731174 11751176117711781179 
11801181 11821 183 118411851186 11871188 118911901191 11921193 1194 11951196 
11971198 1199 1200 120112021203 1204 1205 1206 12071208 12091210 1211 1212 1213 
12141215 12t61217 1218 12191220 1221 1222 1223 1224 1225 1226 1227 1228 1229 1230 
12311232 1233 1234 123512361237 1238 1239 1240 12411242 1243 1244 1245 12461247 
12481249 1250 1251 125212531254 1255 1256 1257 12581259 1260 1261 1262 12631264 
12651266 12671268 126912701271 1272 1273 1274 1275 1276 1277 1278 1279 1280 1281 

Voice Technology 55 Miscellaneous Software 37 
Workstations 67 Net Management 72 
Software Networking 73 

Business 25 On-Line Services 38 

CAD/CAM 26 Operating Systems 39 
Programming Languages!Tools 40Communications 27 
Security 41Data Acquisition 28 
Spreadsheets 44Data Warehousing 68 
UNIX 45Database 29 
Utilities 46 

Eng1neenng/Scientilic 31 
Educational 30 

Windows 95 47 
Windows NT 74Entertainment 32 
Word Processing/DTP 48Graphics 33 

Internet Services 69 General 
lnterneVlntranet 70 Books/Publications 49 
Macintosh 34 Recruitment 50 
Mathematical/Statistical 36 Mail Order 75 
Middleware 71 Miscellaneous 51 

http:www.byte.com


FREE PRODUCT INFORMATION 

BYTE Advertisers Deliver the 
Information You Need ­
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FAST: 
INQUIRE BY MAIL 
Enter your name 
and address at 
right. Then circle 
the inquiry 
numbers that 
correspond to 
those on the 
advertisement or 
BYTE article, 
and mail this 
attached card. 

FASTER: 

INQUIRE BY FAX 
Enter the 
information as 
described above, 
then fax this 
card to:

soo-s11.nao 


FASTEST: 
INQUIRE ON 
THE INTERNET 
Access BYTE'S 
home page at: 
www.byte.com 
and click on 
Free Product 
Information. 
Follow the 
instructions 
on-line. 
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'ADVERTISER CONTACT INFORMATION 

INQU IRY NO. PAGE NO. PHONE NO. IN OU I RY NO. PAGE NO . PH ONE NO. INQU IRY NO. PAGE NO. PHONE NO. 

116 SILICON RAX 186 800-700·8560 

97·98 SLIGER DESIGNS 185 702-356-5595 

175 SOFTBANK/COMDEX 157 617-433-1600 

217-218 SOFTWAY SYSTEMS 178 415-896-0708 

85 STARTECH COMPUTER 182 600-265-1644 
PRODUCTS ext231 

151 STATSOFT 123 916-749-1119 

T 
110 TALKING TECHNOLOGY INC 182 600-945-4664 

152 TEKTRONIX 23 600-635·6100 
ext 1343 

101 TERN INC 

153 TOSHIBA AMERICA INC 

154·155 TRAVELING SOFTWARE 

111 TRI-MAP INTERNATIONAL INC 

v 
219·220 VCOMMUNICATIONS 

108 VI DEX INC 

156·157 VIEWS ONIC 

VISIO CORPORATION 

184·185 VOCALTEC 

186 

66-67 

125 

186 

176 

183 

52 

88NA5 

130 

916-758-0110 

600-457-7777 

800-224-7704 

51 0·447-2030 

600-646-6266 

541 -756-0521 

800-666·6563 

600-24 -VISIO 
ext 27 

600-699-3942 

w 
227-228 W IBU SYSTEMSAG 93 800-986-6578 

601 W INBOOK COMPUTE R 11 800-709-5624 
CORPORATION 

602 WIN BOOK COMPUTER 37 600-725-3469 
CORPORATIO N 

x 
223-224 XI COMPUTER CORP 96 7144960656 

z 
100 Z·WORLD ENGINEERING 185 916-757-3737 

BYTE ADVERTISING SALES STA FF 
Lori Silverstein, Notional Advertising Director, 921 Eastwind Drive, Suite 118, Westerville, OH 43081, 


Tel: (614) 899-4908, Fax: (614) 899-4999, lorisf@mcgraw-hill.com 


NEW ENGLAND 

CT, MA, ME, NH, NY, RI, VT, 

Ontario, Canada, Eastern Canada 

John Ferraro (617) 860-6221, 

(212) 512-2555 
jferraro@mcgraw-hill.com 
JeanneBeeson (617) 860-6349 
jbeeson@mcgraw-hill.com 
Th e McGraw-Hill Compani es 
24 Hartwell Avenue 
Lexington, MA02173 
FAX: (617) 860-6307 

NEW YORK 
NY Metro, NJ 
Michael Feinberg (212) 512-4811 
feinberg @mcgraw-hill.com 
Jill Pollak (212) 512-3585 
jpollak@mcgraw-hill.com 
The McGraw-Hill Companies 
1221 Avenue of Americas-28th Floor 
New York, NY 10020 
FAX: (212) 512-2075 

SOUTHWEST, ROCKY MOUNTAIN 
AL, AR, LA, MS, OK, TN, TX 
Bert Panganiban (214) 688-5165 
bertpang@mcgraw-hill.com 
Brian Higgins (603) 924-2596 
bhigg ins@mcgraw-hill .com 
The McGraw-Hill Companies 
Mockingbird Towers 
Ste. 11 04E 
1341 W. Mockingbird Lane 
Dallas, TX 75247-4943 
FAX: (214) 688-5167 

MIO ATLANTIC-SOUTHEAST 
NEW MEDIA/ONLINE PRODUCTS 
DC, DE, FL, GA, KY, MD, NC, PA, SC, VA, VW 
Neil Helms (770) 242-6298 
nhelms@mcgraw-hill.com 
Paul Franchak (614) 899-4912 
franchak @mcgraw-hi ll.com 
The McGraw-Hill Companies 
4170 Ashford-Dunwoody Road 
Atlanta,GA30319 
FAX: (770) 409-9622 

CENTRAL U.S. 
IA, IL, IN, KS, Ml, MN, MO, ND, NE, OH, 
SD,WI 
Lori Silverstein (614) 899-4908 
lorisf@mcgraw-hill.com 
Paul Franchak (614) 899-4912 
franchak @mcgraw-hill.com 
The McGraw-Hill Compan ies 
921 Eastwind Drive, Suite 118 
Westerville, OH 43081 
FAX: (614) 899-4999 

NORTH PACIFIC 
AK, Northern CA, HI , ID, MT, OR, Silicon 
Valley, UT, WA, WY, 
Western Canada 
Roy J. Kops (415) 513-6861 
rkops @mcgraw-hill.com 
Li sa Farrell (415) 513-6862 
lfarrell@mcgraw-hill.com 
The McGraw-Hi ll Companies 
1900 O'Farrell Street, Sui te 200 
San Mateo, CA 94403 
FAX: (41 5) 513-6867 

INTERNATIONAL ADVERTISING SALES STAFF 
L. Bradley Browne, International Safes Director. One Phoenix Miff Lone, Peterborough, NH 03458, 

Tel: (603) 924-2501, Fax: (603) 924-2602, bbrowne@mcgraw-hiff.com 

UNITED KINGDOM , BENELUX 
Jonathan McGowan 
jonmcgow@mcgraw-hill.com 
The McGraw-Hill Compan ies 
34 Dover St. 
London W1X4BR 
England 
Tel: +44 171 495 6781 
FAX: +44 171 4956734 

ISRAEL 
Dan Aronovic 
rhodanny@actcom.co.il 
DARA International 
41 Ravutski 
Ra'anana 43220 
Israel 
Tel : +972-9-7419544 
FAX:+972-9-7481934 

KOREA 
Young-Seoh Chinn 
JES Media International 
6th Fl., Donghye Bldg. 
47-16, Myungil-Dong 
Kangdong-Gu 
Seoul 134-070, Korea 
Tel : +82-2-4813411 
FAX: +82-4813414 

ITALY, FRANCE, SPAIN, 
PORTUGAL, SCANDINAVIA 
Zena Coupe,Amanda Blaskett 
101645.171 O@compuserve.com 
A-Z International Sales Ltd. 
70 Chalk Farm Road 
London NW 1SAN 
England 
Tel: +44 171 2843171 
FAX: +44 171 2843174 

GERMANY, SWITZERLAND, 
AUSTRIA 
Jurgen Heise 
jheise@mcgraw-hill.com 
The McGraw-Hill Compani es 
Emil von Behring Strasse 2 
D-60439 Frankfurt 
Germany 
Tel: +49 69 5801 140 
FAX: +49 69 5801 145 

JAPAN 
Hirokazu Morita 
Japanese Advertising 
Communications, Inc. 
Three Star Building 
3-10-3 KandaJirnbocho 
Ch iyoda-ku, Tokyo 101 Japan 
Tel : +81 3 3261 4591 
FAX: +81 3 3261 6126 

SOUTH PACIFIC 
AZ, Southern CA, CO, NM, NV 
Beth Dudas (714) 753-8140 
bdudas@mcgraw-hill.com 
Geanette Perez (714) 753-8140 
gperez@mcgraw-hill.com 
The McGraw-Hill Companies 
15635 Alton Pkwy., Suite 290 
lrvine, CA92718 
FAX: (714) 753-8147 

PETERBOROUGH, NH OFFICE: 
Sales FAX : 603-924-2683 
Advertising FAX: 603-924-7507 

BUYERS MART 
Mark Stone (603) 924-2533 
stonem@mcgraw-hill.com 
BYTE 
One Phoenix Mill Lane 
Peterborough, NH 03458 

BYTE Deck 
Brian Higgins (603) 924-2596 
bhiggins@mcgraw-hill.com 
BYTE 
One Phoenix Mi ll Lane 
Peterborough, NH 03458 

EURO-DECK 
Mark Stone (603) 924-2533 
stonem @mcgraw-hill.com 
BYTE 
One Phoenix Mill Lane 
Peterborough, NH 03458 

BYTE ASIA-PACIFIC 
AUSTRALIA, HONG KONG, INDIA, 
INDONESIA, KOREA, MALAYSIA, 
PAKISTAN, PHILIPPINES, OTHER 
ASIA ANO PACIFIC COUNTRIES, 
SINGAPORE, TAIWAN 
Weiyee In 
weiin @mcgraw-hill.com 
Jennifer Chen 
jennchen@mcgraw-hil l.com 
#305 Nanking East Road, Section 3, 
10th floor 
Taipei, Taiwan, R.O.C. 
Tel: +886-2-715-2205 
FAX:+886-2-715-2342 

SubscriptionCustomer Service 


U.S. 1-800-232-2983 


Outside U.S.+ 1-609-426-7676 


For a New Subscription 


U.S. 1-800-257-9402 


Ou tside U.S.+1-609-426-5526 
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INDEX TO ADVERTISED PRODUCTS 

For free product information from individual advertisers, circle the corresponding 
inquiry numbers on the response card! 
To receive information for an entire product category, circle the category number on the response card! 
CATEGORY NO . CATEGORY NO . CATE GORY NO . 

INQU IRY NO. PAGE NO. INQU IRY NO. PAGE NO. INQUIRY NO . PAGE NO. 


111 TRI -MAP INTERNATIONAL INC 186 
 179-180 PHI LI PS BUSINESS ELECTRONICS 140
HARDWARE 223-224 XI COMPUTER CORP 96 
 156-157 VIEWSONIC 52 


53 DIAGNOSTIC EQUIPMENT 19 MULTIMEDIA/CD-ROM2 ADD-IN BOARDS 
226 MICR02000 90-91 
 724 INFOCUS 11 


132 COMTROLCORP 106 


95-96 CAMELEONTECHNOLOGY INC 185 


MCGRAW HILL ON LINE 401523

7 DISK DRIVES 

729-730 FIRSTINTERNATIONAL COMPUTER 40152 
 99 MICROPATENT 185

170 ARTECON 143 


MICROWAY 137 
 173-174 MIRO COMPUTER PRODUCTS AG 43

739-740 CMD TECHNOLOGY 401512 


80-81 OUATECHINC 182 
 186-187 PLAY ING 105

213-214 GRAN ITEDIGITAL 178 


188 RICOHCORPORATION 84

140-141 KINGSTON TECHNOLOGY STORAGE 39
4 COMMUNICATIONS 

221-222 SHARK MULTI MEDIA 181
196 ALTEXCOM PUTERS&ELECTRONICS 174 
 94 LIBERTYSYSTEM INC 184 

150 SILICON GRAPHICS 8-9
606 BAY NETWORKS 89 
 207-208 MICRO SOLUTIONS COMP PROD 169 


109 CENTRALTECHNOLOGIES 186 
 205-206 MICRO SOLUTIONS COMP PROD 173 
 63 NETWORK HUBS/SWITCHES 
701-702 COMPEXINC 40156 
 199-200 CYB EX COMPUTER PRODUCTS CORP 171
13 LAPTOPS & NOTEBOOKS198 COMPUTERLAN EUNLIMITED 168 
 201-202 CYBEX COMPUTER PRODUCTS CORP 172


234-235 CENSUS COMPUTER 99 

132 COMTROLCORP 106 
 704-705 CYBEX COMPUTER PRODUCTS CORP CVI

731 -732 CHICONY ELECTRONICSCO 29

82 MINICOM/CLASSNETVIDEO 182 
 210-211 ROSEELECTRONICS 176


198 COMPUTERLANE UNLIMITED 168

83-84 RGI 182 


DELL COMPUTER CORP CV-CVlll 64 NETWORKING85 STARTECHCOMPUTERPRODUCTS 182 

729-730 FIRST INTERNATIONAL COMPUTER 40152 
 196 ALTEXCOMPUTERS& ELECTRONICS 174 


60 COMPUTER TELEPHONY APEX PC SOLUTIONS 97
IBMTHINKPAD 29 

110 TALKING TECHNOLOGY INC 182 
 724 IN FOCUS 11 
 132 COMTROL CORP 106 


MICRO-INTERNATIONAL INC 184 
 199-200 CYBEXCOMPUTER PRODUCTS CORP 171
6 DATA ACQUISITION 
201-202 CYBEX COMPUTER PRODUCTS CORP 172 


106 IO TECH 183 


160 MICRON ELECTRON ICS 110-111
105 GAGE APPLIED SCIENCES INC 183 


727-728 MITAC 401515 
 704-705 CYB EX COMPUTER PRODUCTS CORP CVI 


107 NATIONALINSTRUMENTS 183 
 210-211 ROSEELECTRONICS 176 


80-81 OUATECHINC 182 


725-726 MITAC 401520 


722-723 SEH COMPUTERTECHNIK GMBH 55 


108 VIDEXINC 183 


SHARPELECTRONICS CO 44-45 


153 TOSHIBA AMERICA INC 66-67 
 65 OPTICAL DRIVES 
154-155 TRAVELI NGSOFTWARE 125 


145-146 PINNACLEMICRO5 DESKTOPS 
601 WIN BOOK COMPUTER CORPORATION 11


88-89 ACISYSTEMS 183 

602 WINBOOKCOMPUTERCORPORATION 37 57 PCMCIA 


738 ACORN COMPUTER GROUP 37 

203-204 FIRSTSOURCE INT'L 177 


86 AMERICAN ADVANTECH 184 
 23 MASS STORAGE 
234-235 CENSUS COMPUTER 99 
 103-104 AEHOMECORPORATION 185 20 PRINTERS/PLOTIERS 


198 COMPUTER LANE UNLIMITED 168
731-732 CHICONY ELECTRONICS CO 29 
 134 DISTRIBUTED PROCESSING TECH 46 


COMPAQ 24-25 
 152 TEKTRONIX 23
736-737 EXABYTE EUROPE 401523 


DELL COM PUTER CORP 73 
 207-208 MICRO SOLUTIONS COMP PROD 169 
 21 PROGRAMMABLE HARDWARE 
DELL COMPUTER CORP 88NA6-7 205-206 MICRO SOLUTIONS COMP PROD 173 708-709 FAST SECURITY AG 40155 

DELL COMPUTER CORP CV-CVlll 181-182 NSTORCORPORATION 139 
 101 TERN INC 186 


135-136 DTK COMPUTERINC 138 
 102 QUALSTAR CORP 185 
 100 Z-WORLD ENGINEERING 185 

729-730 FIRST INTERNATIONALCOMPUTER 40152 


230-231 GEOSAT 92 
 15 MEMORY/CHIPS/UPGRADES 22 SCANNERS/OCR/DIGITIZERS 
95-96 CAMELEON TECHNOLOGY INC 185 186-187 PLAY ING 105
90-91 ICPACOUIRE 183 

203-204 FIRST SOURCE INT'L 177
INTELCORPORATION 16-17 
 59 SCSI/PERIPHERAL INTERFACES138-139 KINGSTON TECHNOLOGY CPU UPGRADE 58
193-194 INTERGRAPH COMPUTER SYSTEMS 79 
 739-740 CMD TECHNOLOGY 401512

215-216 LATRADE 170
92-93 INTERLOGICINDUSTRIES 184 
 134 DISTRIBUTED PROCESSING TECH 46

733 PHILIPS SEMI-CON DU CTORS 24-25
87 KILA 184 
 181-182 NSTORCORPORATION 139 


159 MICRON ELECTRONICS 56-57 
 16 MISCELLANEOUS HARDWARE 
52 SECURITY158 MICRON ELECTRONICS Cll-1 738 ACORN COMPUTER GROUP 37 

127-128 ALADDIN SOFTWARESECURITYINC 76
160 MICRON ELECTRONICS 110-111 
 103-104 AE HOME CORPORATION 185 

708-709 FASTSECURITYAG 40155
MICROWAY 137 
 97-98 SLIGER DESIGNS 185 

149 RAINBOW TECHNOLOGIES 62
727-728 MITAC 401515 


725-726 MITAC 401520 
 17 MODEMS & MULTIPLEXORS 227-228 WIBUSYSTEMSAG 93 

603 CARDINAL TECHNOLOGIES 55
144 NSTL 161 
 66 SERVERS 

209 POLYWELLSYSTEMS 179 
 18 MONITORS & TERMINALS 88-89 ACISYSTEMS 183 

116 SILICON RAX 186 
 725-726 MITAC 401520 103-104 AE HOMECORPORATION 185 
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INDEX TO ADVERTISED PRODUCTS 

CAT EGORY NO . CATEGORY NO . CATEGORY NO . 

INQUIRY NO . PAGE NO . INQUIR Y NO . PAG E NO. INQUIRY NO. PA GE NO . 


114-115 APPROINTERNATIONALINC 186 33 GRAPH ICS 227-22B WIBU SYSTEMS AG 93 

234·235 CENSUS COMPUTER 99 183 CLEAR SOFTWAR E 154 45 UNIX 
DELL COMPUTER CORP 88NA6-7 

133 COREL 61 195 CENTRAL DATA 71 
135-136 DTKCOMPUTERINC 138 MICROGRAFX 51 137 FAIRCOMCORPORATION 132 
90·91 ICPACQUIRE 183 229 MIPS DATALINE AMERICA INC 99 217·218 SOFTWAY SYSTEMS 17B 
209 POLYWELL SYSTEMS 179 VISIO CORPORATION BBNA5 WALKER, RICHER &QUINN 15 
112-113 RECORTECINC 186 

116 SILICON RAX 186 69 INTERNET SERVICES 46 UTILITIES 
111 TRl·MAPINTERNATIONAL INC 186 

120·121 HIWAYTECH NOLOG IES 187 212 FOREFRONT DIRECT INC 175 

24 
129 

130 

UPS/POWER MANAGEMENT 
AMERICAN POWER CONVERSION 33 

AMERICAN POWER CONVERSION 65 

36 
11B·119 

151 

MATHEMATICAL/STATISTICAL 
CLOU CONSU LTING 

STATSOFT 

187 

123 

226 

147 

171 

MICR02000 

PKWAREINC 

POWERQUEST 

154·155 TRAVE LI NGSO FTWARE 

90·91 

147 

12·13 

125 
191·192 DELTEC 

720·721 FISKARS POWERS SYSTEMS 

BB 

40159 
37 
164-165 

MISCELLANEOUS SOFTWARE 
FIN SON 131 47 WINDOWS95 

IBMOS/20PENSWINDOWS 15 

55 VOICE TECHNOLOGY 73 NETWORKING 217·218 SOFTWAY SYSTEMS 178 
109 CENTRAL TECHNOLOGIES 1B6 717 LANSOURCETECHNOLOGY 401511 601 WINBOOK COMPUTER CORPORATION 11 

67 WORK STATIONS 190 LUCENTTECH NOLOGIES 26 602 WIN BOOK COMPUTER CORPORATION 37 

88·89 ACI SYSTEMS 

135·136 DTK COMPUTER INC 

1B3 

13B 

715-716 RAIMACORP 

WALKER, RICHER &QU INN 

40158 

15 74 WINDOWS NT 
IBM OS/2 OPENS WINDOWS 15 

90·91 ICPACQUIRE 183 38 ON-LINE SERVICES 
727·728 MITAC 401515 232·233 AIR MEDIA 94·95 48 WORD PROCESSING/DTP 

150 SILICON GRAPHICS B·9 AMERICA ONLIN E OUT5ERT 126 ADOBE SYSTEMS INC B3 

116 

111 

SILICON RAX 

TRl·MAP INTERNATIONAL INC 

186 

186 

450 

120·121 

SI X 

HI WAYTECHNOLOGIES 

IDT INTERNET 

205 

187 

1B1 
GENERAL 

SOFTWARE NET2PHONE 181 49 BOOKS/PUBLICATIONS 
BYTE ON CD ROM 203 

25 BUSINESS 
225 CARDIFF SOFTWARE 

164·165 FINSON 

93 

131 

39 
148 

219-220 

OPERATING SYSTEMS 
QNX SOFTWARE SYSTEMS LTD 

VCOMMUN ICATIONS 

18 

176 

COMPUTER PROFESSIONALS' BK SOC 164 

OSBORNE MCGRAW-HILL 

TELE.COM 

198·199 

44·45 

604·605 LOTUS COMPONENTS 

607·608 LOTUS NOTES 

75 

88NA2-3 

40 

741·742 

PROGRAMMING 
LANGUAGES/TOOLS 
ALASKASOFTWARE 4015 30 

50 RECRUITMENT 
LOCKHEED/MARTIN 120 

26 CAD/CAM 131 BORLAND INTERNATIONAL 21 75 MAIL ORDER 
VISIO CORPORATION 88NA5 125 DUNN SYSTE MS 187 196 ALTEX COMPUTERS & ELECTRONICS 174 

223·224 XI COMPUTER CORP 96 137 FAIRCOM CORPORATI ON 132 197 COMPUTERDISCOUNTWAREHOUSE 166·167 

27 COMMUNICATIONS/ 177 GLOBETROTIER SOFTWARE INC 155 703 COMPUTER QUICK 401531 

NETWORKING 710 GREY MATIER LTD 401526 177203·204 FIR ST SOURCEINT'L 

109 CENTRAL TECHNOLOGIES 1B6 718·719 INNOVATIVESOFTWARE 4015 32 401526710 GREY MATIER LTD 

166·169 DISTINCTCORPORATION 156 718-719 INNOVAT IVESOFTWARE 401532 
51 MISCELLANEOUS 

717 LANSOURCE TECHNOLOGY 401511 178 INNOVUS MU LTI MEDIA 117 
BANDWIDTH SOLUTIONS SUMMIT'97 133 

124 OBJECT MANAGEMENT LABORATORY 1B7 122·123 LAH EYCOMPUTERSYSTE MS 187 
BYTE 163 

714 PERSOFTINC CV MICROSOFT CORPORATION 129 
BYTE 206 

154·155 TRAVELI NG SOFTWARE 125 MICROWAY 137 
BYTE 401517 

1B4·1B5 VOCALTEC 130 124 OBJECT MANAGEMENTLABORATORY 1B7 
BYTEBACK ISSUES 191 

29 DATABASE 
137 FAIRCOMCORPO RATION 

718·719 INNOVATIVE SOFTWARE 

712·713 MAGIC/MSE 

132 

401532 

401525 

161 

715·716 

227·228 

ON TIME MARKETING 4015 29 

POWERSOFT OPTIMA 35 

RAIMACORP 40158 

SFD INC 2·3 

WIB USYSTEMS AG 93 

BYTE BACK ISSUES 

BYTE CUSTOMER SERVICE 

BYTE EURODECK 

BYTE FIELD SALES 

BYTE REPRINTS 

401519 

22 

73 

40151B 

B9 

30 EDUCATIONAL 41 SECURITY BYTE SINGLE COPY SALES 163 

11B·119 CLOU CONSULTING 187 
127-128 ALADDIN SOFTWAR ESECURITY INC 76 BYTE SUB MESSAGE 22 

718·719 INNOVATIVESOFTWARE 401532 
189 DR. SOLOMON'S SOFTWAR E Bl BYTE SUB MESSAGE 4015 32 

31 ENGINEERING/SCIENTIFIC 125 DUNN SYSTEM S 187 BYTE WEB SITE 197 

118-119 CLOU CONSULTING 1B7 706-707 EUTRON 401510 MCGRAW·HILL COMPANI ES 75 

718·719 INNOVATIVESOFTWARE 401532 708-709 FAST SECURITY AG 40155 MICROGRAFX 151 

ON TIME MARKETING 401529 734·735 PANDASOFTWAREINTERNAIONAL 401516 NETWORLD+INTEROP 9B 

117 SCITECH INTERNATIONAL 186 149 RAINBOW TECHNOLOGIES 62 175 SOFTBANK/COMDEX 157 

DECEMBER 1996 BYTE 19 5 



EDITORl.AL INDEX 

For more information on any of the companies covered in articles, columns, or news stories 


in this issue, circle the appropriate inquiry number on the response card. Each page number refers 

to the first page of the article or section in which the company name appears. 


INQUIRY NO. PAGE NO. IN QU IRY NO . PAGE NO. IN QU IRY NO. PAGE NO. IN QU IRY NO. PAGE NO. 

A 
1042, Accton Technology 401S 27 

1068 


1052 ACE Associated 40\S 27 

Computer Experts 


Acer 40\S2 1 


1010 Acer America 200 


Acorn Rise Technologies 49 


acroScience 208 


1002 ActionTee Electronics 200 


1023 Adobe Systems 48, 141 


1008 Advanced Logic Research 200 


AK Peters 27 


1004 Alps Electric (USA) 200 


AMO 85 


1025 Apple Computer 27, 100, 

141,40IS3 


1007 APS Technologies 200 


Artisoft 27 


AT&T 27, 121 


1048 Autotech 40\S 27 


Avision 40\S21 


B 
1044 Behavior Tech Computer 401S 27 


1049 Biodata 401S 27 


Black Box 53 


997 Blue Sky Software 200 


Bootstrap Inst itute 85 


c 
Canon 40IS3 


1017 Canyon Software 153 


Casio 27, 401S3 


1003 Compex 200 


Computer Security 401S7 

Technologies 


1043 CompuTime 401S 27 


1036 Controlware 40\S 27 


978 Corel 149 


1014 CSS Laboratories 200 


Cylogic 27 


Cyrix 85 


D 
Dassault Systems 40\S 13 


1035 Davicom Semiconductor 401S 27 

Taiwan 


Dejanews 27 


1000 	Diamond Multimedia Systems 200 


Diba 27 


DigiCash 85 


Digital Equipment 68, 77,85, 

88NA 1 


1024 Digital Video Arts 200 
 L 
Discovery Channel Multimedia 27 
 1001 Lava Computer 200 


Disney 68 Manufacturing 


1015 DKMultimedia 153 
 1028 Lexmark International 1 00 


DreamWorks 27 980 Look Software Systems 200 


976, Lotus Development 112, 121 ,

E 1021 149 

Epson 27, 40\S3 
 Lucent Technologies 27 

Epson America 40\S21 
 Lycos 27 

ESD 40IS3 
 Lyrrus 27 


990 Etak 200 

M1039 Eurotech 401S 27 


979 Macromedia 200

Exponential 88NA 1 


986 Marquis Computing 200 

F Maira Datavision 401S 13 


984 FacetCorp. 200 
 McGraw-Hill 27 

1011 Falcon Northwest 200 
 Merriam-Webster 27 


Computer Systems 
1016 Micro Logic 153 


982 	 FCAD 200 

977, 	 Microsoft 27, 42, 63, 68, 


981 	 FirstF\oor 200 
 1020, 1057 112, 121 , 149 

First International 40\S 21 
 Microtek 401S 3, 40\S 21 


Computer 
Mips Computer Systems 77 


1012 Fuji tsu Personal Systems 200 

Mips Technologies 59 


G 999, miro Computer Products 200, 

Galleon Systems 401S 3 1038 401S 27 


1019 Golden BowSystems 153 Motorola 27, 53, 68, 77 


Graphix Zone 27 Mult i-Tech 27 


1055 Groupsoft 40\S 27 Mustek Systems 40\S3, 

401S211054 Grutzeck-Software 401S 27 


NH 
1061 	 NeTpower 145
1026, Hewlett-Packard 100, 145 


1059 Netscape 27, 85, 121 , 153 


NetSpeak 27 


Nikon 40\S3

1022, IBM 41, 77, 100 

1027 
 Novell 121 


ICL Enterprises 135 
 1040 NSM Jukebox 401S 27 


\LOG 40\S3 
 0 
992 	 lmageMind Software 200 
 Oberon 208 

1051 in-integrierte 40\S 27 
 996 	 ObjectSpace 200 


informationssysteme 
Olympus 27 


Innovative Software 40\S 3 

1053 On-Board Info 401S 27 


Integrated Management 40\S 7 

1064 Output Technology 100
Services 

1069 Integrated Measurement 401S 27 p 
Systems 

1006 Pacom Data 200 

Intel 68, 77, 85, 


Panasonic 27
40\S 3, 88NA 1 

1013 Panasonic Personal 200
1009, Intergraph Computer 145, 200 


Computer1060 Systems 

Philips Consumer 27
1033 lnventec Besta 40\S 27 

Polaroid 40IS3
1045 IPC 40\S 27 

The Productivity Works 27 


K 998 Psion 200 

Kodak 27, 40\S3 


IS pages appear only in the International edition. NA pages appear only in the North America edition. 

196 	 BYTE DECEMBER 1996 

1029 


1050 


987 


1058 


983 


1005 


995 


Q 
OMS 

R 
Random House 

Recognita 

Renaissance Software 

Ricoh 

Rockwell Semiconductor 
Systems 

Ross Technology 

RSA Data Security 

RT Computer 

s 
Samsung Electronics 

America 

Scitor 

Sega 

1056 Siemens 

1047 


989 


985 


1018 


1037 


988 


1062 


Silicon Integrated 
Systems 

Site/Technologies 

Smart Storage 

Sony 

Starfish Software 

Synaptics 

T 
Tekram Technology 

Teloquent 

Texas Instruments 

Timestep 

TommySoftware 

Tri-Star Computer 

100 


27 


40IS 27 


200 


27 


27 


47 


127 


200 


27, 200 


200 


27 


27, 401S 27 


401S 27 


200 


200 


27 


153 


85 


40IS 27 


27 


77, 40\S3 


127 


200 


145 


Trusted Information Systems 40IS 7 


u 
1046 Umax Data Systems 401S21 , 

1034 


991 


1030 


1041 


U.S. Robot ics 

Utimaco Safeware 

v 

Verisign 

Vitec-HTS 

w 
WorldTalk 

x 

Xerox 

Xyratex 

z 
Zenith 

Zoom it 

40\S27 


27 


401S 27 


27 


200 


121 


100,40IS21 


27,40\S 27 


27 


121 
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• The BYTE Archive 
Two years of BYTE, more than 
3,000 full-text articles, 
illustrations, and photos ... all 
indexed for quick retrieval! 

• The BYTE Network Project 
The BYTE Site .. . a living laboratory 
showcasing the best tools for 
building Web applications. Read 
about it in BYTE... try it out online! 

• The Virtual Press Room 
Instant access to vendor press releases and 
white papers! Links to vendor web sites! 

• BYTEMarks 
FREE Benchmark! Download the BYTEMark­
the benchmark with teeth! 

• Direct Access to Advertisers 
Contact Byte advertisers DIRECTLY through the 
online advertiser index! 

•I The BYTE Site.The World's Online Technology Authority. ~ 

A Dillision o(TheMcGraw-Hill Companies 
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i E,.,yth;ogY" 
Alwa~Wanted 

To Know About 
CO-ROMandMore! 

PEAK PERFORMANCE IS 
THE NAME OF THE GAMY 
The name ofthe book to get you there is the 

YTE Guide to 

' ~~"~!!~~~"~~;~~~~S 95 
BYTE Guide to Optimizing Windows 95, you're in 

control. Filled with fresh solutions and optimizing 

shortcuts, you'll find slick tips and expert advice on 


·Installing Windows 95 

•The Internet 


·Multimedia 


·Handling old Windows and DOS applications 


·Networking with Windows 


·Troubleshooting... and much more 


You'll also get the real scoop on hardware issues and 

third-party products. An ideal guide and handy 

reference, you'll turn to the BYTE Guide to 


with Bermant, Menefee, and Heilborn
Optimizing Windows 95 again and again as you $29.95 USA 
power up Windows 95 to your standards. ISBN: 0-07-882120-7 

BYTE Guide to CD-ROM, Schildt's Advanced Windows 95 
Second Edition Programming in Cand C++ 
by Michael Nadeau by Herbert Schildt 
Includes One CD-ROM Disc $29.95USA 
$39.95 USA ISBN: 0-07-882174-6 
ISBN: 0-07-882104-5 

0SBDRNEfii~ Available now at your local book and computer stores A Diilision of1111: McGrm 11·Hi ll C(})npcmit'S 
~ 

http://www.osborne.com or call 1-800-822-8158 and use your American Express, 
VISA, Discover, or MasterCard.ICODE=SF36BYLI 

~ui o~ to 

0Pil11Ml~ING 
WINDDWS 95 

Shortcuts and 
Techniques

for Increased 
Productivity 

BYTE Guide to Optimizing Windows 95 
by Lenny Bailes 

BYTE Guide to OpenDoc 
by Joshua Susser & 
Andrew MacBride 
$29.95 USA 
ISBN: 0-07-882118-5 

Schildt's Windows 95 
Programming in Cand C++ 
by Herbert Schildt 
$29.95 USA 
ISBN:0-07-882081-2 

http:http://www.osborne.com


~1 ~~l\ONWIDE STORES 


ARIZONA 
Tempe 
Computer Library 

PH:602-820-0458 


CALI FORNIA 
Capitola 
Capitola Book Cafe 
PH:408-462-4415 
fAX:408-461-1536 

Cupertino 
AClean Well Lighted Place 
PH:408-255-7600 

Stacey's Professional 
Bookstore 
PH:408-253-7521 
FAX: 408-253-5861 

Irvine 
Irvine Sci-Tech Books 
PH:714-733-1002 
FAX:714-733-0122 

Los Angeles 
OPAMP Techn ical Books 
PH:800-464-4322 
FAX:213-464-0977 

Menlo Pork 
Kepler's Books & 
Magazines 
PH: 415-324-4321 

Mountain View 
Tower Books 
PH:415-941-7300 

Polo Alto 
Stacey's Professional 
Bookstore 
PH: 415-326-0681 
FAX:415-326-0693 

Sacramento 
Tower Books 
2538 Watt Avenue 
PH:916-481-6600 

Son Diego 
San Diego Technical 
Book, Inc. 
PH:800-346-0071 
FAX:619-279-5088 

Son Jose 
Computer literacy 
Bookshops 
PH:408-435-1118 
EMAIL:info@clbooks.com 

Son Luis Obispo 
El Corra l Bookstore 
CAL Poly SLO 
PH:805-756-1101 
FAX: 805-7S6-5351 

Santo Barbaro 
Earthling Bookshop 
PH:805-965-0926 

Stanford 
Stanford Bookstore 
Stanford University 
PH :800-533-2670 

COLORADO 
Boulder 
Biblio Tek 
PH:303-443-7037 

Colorado Springs 
McKinzey-White 
Booksellers 
PH: 719-590-1700 
FAX: 719-S31-7631 

Denver 
Aurana Book Center 
PH·303-556-3230 

Tattered Cover Bookstore 
PH:303-322-7727 

Englewood 
Softpro Books 
PH: 303-740-7751 
FAX: 303-740-8152 

DELAWARE 
Newark 
University Bookstore 
University of Delaware 
PH:302-831-2637 

GEORGIA 
At/onto 
Engineers Bookstore 
PH: 404-221 -1669 
FAX: 404-221-1119 

HAWAII 
Honolulu 
Honolulu Book Shops 
PH:808-536-9512 
FAX:808-538-7580 

IDAHO 
Moscow 
University of Idaho 
Bookstore 
University of Idaho 
PH:208-885-6469 

IOWA 
Ames 
Iowa State University 
Book Store 
PH:SlS-294-5684 
FAX:515-294-5669 

MARYLAND 
College Pork 
University Book Center 
University of Maryland 
PH:301-314-7855 
FAX: 301-403-8326 

MASSACHUSEns 
Boston 
Waterstone's Booksellers 
PH:617-859-7300 
FAX:617-437-0997 

Cambridge 
Harva rd/Co-0 perative 
Society 
PH:617-499-2000 
FAX:617-868-7038 

Wordsworth Books 
PH: 617-498-0080 
FAX :617-354-4674 

Worcester 
Tatnuck Bookseller/ 
Data books 
PH: 800-642-6657 
FAX:508-756-9425 

MINNESOTA 
Minneapolis 
Baxter's Books 
PH:612-339-4922 
PH: 800-626-1 049 
FAX: 612-339-6134 
EMAIL: 
tombaxter@aol.com 

NEBRASKA 
Lincoln 
Nebraska Bookstore 
PH 402-476-0111 
FAX:402-476-0111 

NEW JERSEY 
Newark 
Newark Book Center 
PH:201-642-79S6 
FA X: 201-642-3345 

Princeton 
Princeton University Store 
PH:609-921-8500 
FAX: 609-924-9651 

NEW YORK 
Blasdell 
Village Green Bookstore 
PH:716-82 7-589S 
FAX:716-827-5898 

Fairport 
Village Green Bookstore 
PH: 716-425-7950 
FAX: 716-425-4968 

New York 
Barnes&Noble #200 
PH:212-807-0099 

Classic Bookstore 
PH:212-466-0668 
FAX:212-466-0363 

Computer Book Works 
PH: 212-385-1616 
FAX: 212-385-8193 

McGraw-Hill Bookstore 
PH: 212-512-4100 
FAX:212-5 12-4105 

Tower Books 
PH: 212-228-Sl OO 
FAX:212-228-5338 

Rochester 
Total Information,Inc. 
PH:716-254-0628 
FAX:716-254-0153 

WorldWide News 
PH:716-546-7146 

NORTH CAROLI NA 
Chapel Hill 
Bull's Head Bookshop 
PH:919-962-S060 
FAX: 919-962-7392 

OHIO 
Cincinnati 
University of Cincinnati 
Bookstore 
PH:513-556-1800 
FAX: 513-556-5555 

Dayton 
Books &Co. 
PH:513-298-6540 
FAX:513-298-7895 

Wilkie's South 
PH:513-43 4-8821 

Kent 
Kent State University 
Bookstore 
PH:216-672-2762 
FA X: 216-672-3758 

Limo 
Readmore's Ha llmark 
2100 Harding Hwy 
PH: 419-229-2601 

OREGON 
Beaverton 
Book Vault 
PH:503-646-8119 
FAX :S03-646-4459 

Corvallis 
Oregon State University 
Bookstore 
PH: S03-737-4323 
FAX: 503-737-3395 

Portland 
Portland State Bookstore 
PH :503-226-2631 
FAX:503-725-3800 

Tower Books 
PH: 503-253 -l116 
FAX: 503-2S3-4189 

PENNSYLVANIA 
Edwardsville 
Village Green Bookstore 
PH:717-283-9340 
FAX:717-283-9367 

King ofPrussia 
Gene's Books, Inc. 
PH: 610-265-6210 
FAX:610-265-6260 
EMAIL: 
genesl@netaxs.com 

Philadelphia 
Tower Books 
PH: 215-925-9909 
FAX: 215-923-5969 

Pittsburgh 
Carnegie Mellon 
Univers ity Shoppe 
PH:412-268-2966 
FAX:412-268-5592 

West Chester 
Chester County Book 
Company 
PH: 610-696-1661 
FAX: 610-429-9006 

TENNESSEE 
Knoxville 
University Book & 
Supply Store 
University ofTennessee 
PH: 615-974-1049 

TEXAS 
Arlington 
University Bookstore 
University ofTexas 
Arl ington 
PH:817-273-2785 

Dallas 
Major's Scientific Books 
PH:214-631-4478 

Denton 
Universi ty Bookstore 
University of North Te xas 
PH: 817-565-2592 

Houston 
Major's Scientific Books 
PH: 713-522-1361 
FAX: 713-524-5860 

VIRGINIA 
Blacksburg 
Volume II Bookstore, 
Virginia Tech 
PH:703-231 -S991 
FAX: 703-231-7786 

WASHINGTON 
Bellevue 
Tower Books 
PH: 206-451-1110 
FAX:206-454-0453 

Bellingham 
StudentsCooperative 
PH: 206-6S0-39S8 

Seattle 
Elliot Bay Book Co. 
PH:206-624-6600 
FAX: 206-343-95S8 

University Bookstore 
PH:206-634-3400 
FAX: 206-634-0810 

WASHINGTON DC 
Washington DC 
Reiter's Scientific & 
Professional Books 
PH:800-537-4314 
FAX: 202-296-9103 

WISCONSIN 
Milwaukee 
Harry W. Schwartz 
Bookshop 
PH: 414-274-6400 
PH:800-236-7323 
FAX: 414-274-6408 

KEY=SF65BYL 
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FreeHand Graphics Studio 7 Macromedia, Inc. 
about$449 San Francisco, CA 

(800) 326-2128 

Circle 979 (415) 252-2000 
on Inquiry Card. 

Graphics and Web-Page 
Production Suite 

Macromedia's FreeHand Graphics Studio 7 includes four inte­
grated cross-platform graphics programs: FreeHand 7, Macro­

media xRes 3, Extreme 30 2, and Fontographer 4.1 . Together, they 
provide tools you can use for illustration and page design; image 
creation and editing; 3-0 modeling, animation, and photo-realistic 
rendering; and font design. I tested the beta version of the suite on 
a Dell Optiplex XM 575 running Windows 95 and on a Power Mac 
71 00 running System 7.5.3. 

The customizable palettes (drag-and-drop tabbed items to com­
bine frequently accessed menus) and its docking feature (similar 
to "grouping" objects) ease work flow and save navigation time 
(see the screen). I found the ability to drag and drop from Adobe 
Photoshop, Adobe Illustrator, and Macromedia xRes-and between 
color palettes and objects or other menus-a highlight. 

Built-in support for Shockwave lets you embed FreeHand graph­
ics in Web pages. In addition, the suite provides cross-platform 
graphics export in GIF, JPEG, PNG, or PDFformat. FreeHand eas­
ily handles OuarkXPress and Adobe PageMaker files, and includes 
AppleScript support. With behind-the-scenes file linking, Free­
Hand automatically updates changes to imported images without 
requiring you to reimport the edited file. 

If you can tolerate the cumbersome nature of component switch­
ing, the trade-off with FreeHand Graphics Studio 7 is dynamite 
graphics production. -Joy-Lyn Blake 

Antivirus 

Protect Documents 
from Macro Virus 

DESIGNED TO DETECT AND ELIMINATE 130 
Macro viruses,Virus Alert for Macro 
(US$29.95) integrates into Micro­

soft Word 6.0and 7.0. lt scansdoc­

uments anytime you initi ate a file 

new or file open command. 
Contact: Look Software 
Systems, inc., Ottawa, 
Ontario, Canada, (800) 
678-5511or(613)822 -2250; 
http: //www.look.com/. 
Circle 980 on Inquiry Card. 

Business 

Manage Corporate 
Information 

CONSISTING Of AWINDOWS 95 ADM INIS­
t rative client, Solaris and Windows 
NT se rver software, and Mac and 

Windows 3.1/95 cli ent vers ions, 
lnfoPilot (starter kit, $3375) helps 

i- . . 
g ...~Network 

I 
1;H~ Agent• 
I i·· ··~ Company New• Agent

I ' . 
J 1 l·-·.S Human Resources Agent 
! LS Sales and Marketing Agent 

I r···t Bookma>k• 

1 

1 

-·~ Corporate Policies 

I ...CJ HUmon Resources 

you assemble catalogs of corporate 
data from a variety of sources, 
in cluding World Wide Web and 
docum ent-b ase d inform at ion, 
which it automatically places or 
"publish es" on an intranet server 
for client access. 

Contact: FirstF/001; Mountain 
View, CA, (800) 639-6387 or 

(415) 968-1101 ; http: 
//www.firstf/001: com. 
Circle 981 on Inquiry Card. 

Use 3-D CAD 
Under Windows 95/NT 

WITH FEUxCAD's ($995) 32-BIT MDI, 

you can simultaneously view and 

edi t up to four drawings, with up 
to four views per drawing, in any 
combinati on of 2-D or 3-D. Th e 

program reads and writes DWFand 
DXFfiles. It imports and exports files 

with attr ibutes, text, laye rs, and 

engineering data intact. 

Contact: FCAD, inc., Novato, 
CA, (800) 239-3223 or 
(415) 893-1240; 
http://www.fcad.com. 
Circle 982 on Inquiry Card. 

Compression 

Windows-Based 
Compression 

PROZIP ($39.95) ALLOWS YOU TO OPEN 
and use seve ral archives at once, 
definewhen and how the program 

prompts you, transfer extra-large 
files by creating a multivolume 

archive, and create Windows-based 
se lf-extracting archives th at can 
even contain encrypted files. The 
program offers 10 levels of com­
pression, creates and uses standard 
ZIP files, and lets you open, view, 
and test fil es and launch applica­
tions from within archives. 
Contact: RTComputer, Inc., 
Rio Rancho, NM, (800) 891 ­
1600 or ( 505) 891 -1350; 
http://www.prozip.com. 
Circle 983 on Inquiry Card. 
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Software 

Networking 

Access Unix Resources 
from Windows 

WITH FACETWI N'S (SINGLE-USER LIC ENSE , 

$195) all-in-one fea ture set, Win­

dows 95 users and Windows NT 
clients can transparently access and 
use Unix-based network resources, 

such as files, disks, applications, and 

printers. The program includes 
transparent file and print services, 
terminal emulations, network 
modem access for PC users, an 
e-mail POP3 server, remote-com­

puti ng support, and automatic 
backup of networked PCs to a Unix 
tape drive. 
Contact: FacetCorp., Plano, 
TX, (214) 985-9901; 
http://www.facetcorp.com. 
Circle 984 on Inquiry Card. 

Network CD 
Recording 

TO CREATE DATA, AUDI O, VIDEO, OR MIXED­

mode CDs over a network, you si m­
ply install SmartCD for recording 
($795) on Windows NT or NetWare 
servers and attach a CD recorder. 
Windows 3.11, 95, and NT worksta­

tion users then drag and drop fi les 
and directories onto individual CDs. 
SmartCD is also available for high­

volume CD-recording applications 
using auto-loaders (from $4200). 

Contact: Smart Storage, Inc., 
Andover, MA, (8 88) 479-0100 

Database with the abi lity to cut and 

paste information into word pro­
cessors and spreadsheets. You can 
also search for compounds with 

specific properties. 
Contact: Renaissance 
Software, Inc., Dresher, PA, 
(215) 619-0130; 
rsisupport@aol.com. 
Circle 987 on Inquiry Card. 

-. ~ • I 

The ·web 

Encrypt Internet 
E-Mail 

IF YOU ARE CONCERNED ABO UTTRANSM IT­

ting e-mail, credit-card payments, 
and sensitive data over the Inter­
net, Cloaking Device ($49.95) may 

interest you. The Windows 95 pro­
gram features on-the-fly encryp­
tion and decryption; password pro­

tection; tamper resistance and virus 
protection; compression and de­

compression ofbatch files; and the 

abi li ty for CompuServe users to 
send and receive binary files. 
Contact: TommySoftware, San 
Francisco, CA, (800) 275-9406 
or (415) 522 -0612; http: 
//www.tommysoftware.com. 
Circle 988 on Inquiry Card. 

Maintain Multiple 
Web Servers 

A WINDOWS 95/NT WEB-SITE MAINTE­
nancetool, SiteSweeper 1.0 ($299) 

TUl. .fC...~ -......".,........._.......,._ 
l ~nr&n 
-­ ----------! 

1.i-.,.M_,~- 1:!' .... y ' _,,,.,,.,_, , ., 

~ =~........ 
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We look at Macromedia's FreeHand Graphics Studio 7, a graphics 
production package, and Psion's Siena pocket-size information manager. 

or (508) 623-3300; http: 
//www.smartstorage.com. 
Circle 985 on Inquiry Card. 

. . ­
Programming 

Quality Control 
for Visual Basic 

VB/CODER EVIEWPROFESSIONAL EDITION 
($249.95) automatically reviews 

Visual Basic code aga inst a data­
base of bugs and conditions, in­
cluding ActiveX, OCX, VBX, and DLL 

bugs; Visual Basic 3.0 and 4.0 bugs; 

DAO, Jet, and ODBC bugs; and Win­
dows API bugs. Th e package in ­

cludes code formatting and nam­

ing systems, as well as tools for 
developing co de metrics such as 
function points and complexity. 

Contact: Marquis Computing, 
Inc., Pomfret Center, CT, (800) 
818-1611or(860)963-7065; 
http://www.marquistools.com. 
Circle 986 on Inquiry Card. 

Science 

Physical Property 
Database for Chemistry 

Now YOU CAN PERFORM COMBINATION 
searches on achemical's name, syn­

onym, formula, structure, or CAS 
numberto access compound infor­
mation. Renaissance Data Pro 
($950) for Windows combines 
search options and theAIChE DIPPR 
Pure Component Physical Property 

evaluates file types (text, image, 
aud io, or video). their sizes, and 
dates of last modification; the 
number of images on a page; the 
tota l download size of th e page; 
and the links to and from the page. 
You get a suite of reports that you 
can generate on demand or at sched­
uled times. SiteSweeper is based on 
an open-database architecture. 

Contact: Site/technologies, 
Inc., Durham, NC, (800) 722­
0607 or (919) 416-3113; 
http: //www.sitetech.com. 
Circle 989 on Inquiry Card. 

Custom Mapping 
for Web Publishers 

ETAK'S SU ITE OF INTERNET MAPPINGPROD­
UCtS (call for prices) includes E-Map 
View, which contains Etak's nation­

wide digital map database, a map 
server,custom ization control of the 

map's "look and feel," and aCGI for 
the Web interface; E-Map Route, 

which adds routing capabilityto E­
Map View and allows you to dy­
namica I ly generate direction s 
between two points; and E-M ap 
Locate, a geocoding server that 
assigns latitude and longitude 

coordinates to addresses, intersec­
tions, or cities. 
Contact: Etak, Inc., Menlo 
Park, CA, (800) 765-0555 or 
(415) 328-3825; 
http: //www.etak.com. 
Circle 990 on Inquiry Card. 
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What's Hardware 

' - :­ ~--- -o-~ 

Video .· - - '"-~ 
.,, , . L 

Streaming Video 
and Audio 

ALL-IN-ONE VIDEO-FILE PLAYBACK SOFT­
ware for Windows 3.x, 95, and NT. 
Video Express Viewer 1.0 ($39.95) 
supports downloadable video-file 
formats and plays streaming-me­
dium formats, such asActiveMovie 
Streaming Format files.You can use 
the program to play Internet radio 

Compress and Edit 
MPEG- 1 Video 

IF YOU WA NT TO IN CO RPOR ATE MPEG 
video into your Web pages, the 
MPEGToolbox CD-ROM ($125) lets 

you convert and compress video 
sequences (AVI or WAV format) or 
series of images (BMP, TIFF, TGA, GIF, 
or PCX format) into an MPEG-1 
sequence in audio, video, system, 
or Video CD form at; edit MPEG-1 
sequences, adding special effects, 
such as titles and fade-in and fade­
out; and run MPEG-1 and Video CD 
files full-screen ata rate ofbetween 
25 and 30 images per second on a 
Pentium 90 machine. 
Contact: Vitec-HTS, Sarasota, 
FL, (941) 35 1-9344; 
http://www.vitechts.com. 
Circle 991 on Inquiry Card. 

Software Updates 
With Project Scheduler 7 for Windows 95/NT, you can customize 
the look of the interface; create and store an unlimited number of 
custom fields, formulas, and filters directly within the project data­
base; and share project data with teams down the hall, across town, 
or around the world. $695. 
Contact: ScitorCorp., Menlo Park, CA, (800) 533-9876 or 
(415) 462-4200; http://www.scitor.com. 
Circle 995 on Inquiry Card. 

Version 2 of the C++ Component Series consists of the following 
10 libraries in the <ToolKit> series: Standards, Helper, Thread, Time, 
Streaming, Network, Pipe, File, Platform, and Web. They're all portable 
across popular hardware platforms, OSes, and compilers. Call for 
prices. 
Contact: ObjectSpace, Inc., Dallas, TX, (800) 625-3281 or 
(214) 934-2496; http://www.objectspace.com. 
Circle 996 on Inquiry Card. 

Visual SOL 4.2 turns Microsoft Visual C++ Enterprise Edition and 
Visual C++ 4.x into C++ client/server development environments, 
extending Visual C++ with visual designers, intuitive wizards, and 
object-oriented data access. $1499. 
Contact: Blue Sky Software, La Jolla, CA, (800) 457-4946 or 
(619) 459-6365; http://www.blue-sky.com. 
Circle 997 on Inquiry Card. 

MPEG TOOLBOX 

3-D Product 
Combinations 

THREE MULTIMEDIAPACKAGES INCLUDE 
miroMedia 30 ($199). a stand­
alone 2-D/3-D video graphics 
accelerator; miroMedia 30 with 
StereoGraphics' Simuleyes VR 
Stereo-Vision 30 Eyewear ($299); 
and miroMedia 30 with Simuleyes 
and miroMedia's Surround sound 
card ($399) . 
Contact: miro Computer 
Products, Inc., Palo Alto, CA, 
(800) 474-6476 or (415) 855­
0955; http://www.miro.com. 
Circle 999 on Inquiry Card. 

Fax Modem to Share 
Voice and Data 

INCORPORATING A SPEAKERPHONE, THE 
Supra Express 336 Sp with ASVD 
(internal, $149; external, $169) 
delivers transmission speedsof33.6 
Kbps and V.80 video-phone func­
tionality for synchronous exchange 
of audio and video. The package 
includes Thought Communications' 
FaxTalk Messenger software with 
remote-notification and fax-on­

demand capabilities, Databeam's 
FarSite application-sharing soft­
ware, and VDONet's VDOPhone 
software for videoconferencing 
over ordinary phone lines. 
Contact: Diamond Multimedia 
Systems, Inc., San Jose, CA, 
(800) 727-8772 or(360) 604­
1400; http://www.supra.com. 
Circle 1000 on Inquiry Card. 

ISDN-to-PCl-Bus 
Connection 

A PLUG AND PLAY COM PORT FOR CON­
necting to external \SON terminal 
adapters, the Lavalink-PCI Dual­
Port Communications Accelerator 
Board (US$149.99) supports data 
transfer rates of up to 460.8 Kbps. 
Each of the board's two COM ports 
incorporates a 32-byte FIFO buffer 
and an intelligent 1/0 processor, 
allowing Internet and remote­
access applications to transfer data 
at the full bandwidth of the ISDN 
terminal adapter. 
Contact: Lava Computer 
Manufacturing, Inc., Rexdale, 
Ontario, Canada, (800) 241­
5282 or(416) 674-5942; 
http://www.lavalink.com. 
Circle 1001 on Inquiry Card. 

33.6-Kbps PC Card 
Data/Fax Modem 

THE DATALINK PC CARD 33.6 MODEM 
($239), which is available for PC and 
Mac portable computers, features 
power management that saves bat­
tery life and supports the V.34+ 
standard and landline and cellular 
communications. 
Contact: ActionTec 
Electronics, Inc. , Sunnyvale, 
CA, (408) 739-7000; 
http: //www.actiontec.com. 
Circle 1002 on Inquiry Card. 

24-Floating-Port 
Ethernet Switch 

THE FREEDOMSWITCH ($2199) DYNAMl­
cally assigns its 24 ports to one of 
four internal 10Base-Tsegments 
based on current network traffic. 
If traffic flow changes, the switch 
automatically reassigns one or 
more ports to a different network 
segment to minimize collisions and 
maintain performance. 
Contact: Compex, Inc., 
Anaheim, CA, (800) 279-8891 
or (714) 630-7302; 
http://www.cpx.com. 
Circle 1003 on Inquiry Card. 

broadcasts, multimediaslide shows, 
and Web lV shows. 
Contact: ImageMind Software, 
Inc., Salt Lake City, UT, (800) 
321-5933 or (801) 350-9461 ; 
http://www.imagemind.com. 
Circle 992 on Inquiry Card. 
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What's New Hardware 

O> 

O> 
"' 

540-MB Removable­
Medium Drive 

THEAPS M540 USES 3'h-INCH 540-MB 
data cartridges, which format to 

515 MB in a Mac OS environment. 
The drive supports sustained data 

transfer rates of as high as 3.04 

MBps with an average seek time of 

10.7 ms and an average access time 
of 27 ms. The 4500-rpm APS M540 
uses a 512-KB cache buffer and 
PRML technology for optimized 

data transfer rates. 

Siena 
512-KB version, $249; 
i-MB version, $299 

Circle 998 
on Inquiry Card. 

Psion, Inc. 
Concord, MA 
(800) 997·7466 
(508) 371 ·0310 

http ://www.psioninc.com 

An Office in Your Pocket 

W ith the Siena, Psion has created a hand·held information 
management device that you can carry without a second 

thought. It uses the same NEC V30 processor as its bigger, older 
cousin, the Psion Series 3A, but weighs just 6. 7 ounces, including 
two AAA batteries, and is only 2% inches wide, making it an easy fit 
for just about any pocket. Despite its size, I found the keyboard, like 
the Series 3A's, acceptable for two-finger typing. 

Like other vendors of hand·held devices, Psion is addressing PC 
connectivity. When you combine the Agenda Synchronizer with a 
serial link to the PC, it lets you automatically update with Microsoft 
Schedule+ 1 and 7, and Lotus Organizer 2.1. You can also use the 
program to back up Siena files. Siena also supports infrared data 
transfer to other Sienas. The preliminary unit I used didn't support 
printers or PCs, but Psion is working on that. 

The Siena lacks slots for holding solid-state disks as found in the 
Series 3A. For an extra $79, however, you can buy an external sol­
id-state disk expansion drive. The Siena doesn't support modem 
communications, and thus is positioned more as an information 
manager. However, lack of remote connectivity is about the only 
thing that might prevent you from carrying this unit on the road. Its 
size certainly won't. -Dave Andrews 

Contact: APS Technologies, 
Kansas City, MO, (800) 235­
2753 or (816) 483-6100; 
http://www.apstec.;.com/. 
Circle 1007 on Inquiry Card. 

Photo-Realistic Color 
Printer/Scanner 

USING ALPSELECTRIC'S PATENTED MICRO 
Dry inks, the M0-4000 (about 

$699) delivers 16.7 million colors 

at a resolution of 600 by 600 dpi or 
black-and-white text an d graph­
ics at 1200 by 600 dpi. Th e MD­

4000 comes with an integrated 
600-dpi, TWAIN-compatible, sin­
gle-pass, 24-bit ful l-color scanner 

and a 100-page automatic sheet 
feeder that accommodates letter-, 

A4-, B5-, and legal-size paper. 

Contact: Alps Electric (USA), 
Inc., Sanjose, CA, (800) 825­
2577 or (408) 432-6000; 
http://www.alpsusa.com. 
Circle 1004 on Inquiry Card. 

High-Capacity 
Hard Drives 

THE1.6-GB WN R-31601 A ($268). 

2.1-GB WNR-32100A ($342), and 
2.4-GB WNR-32501A ($400) 3''2 ­

inch hard drives fe ature a 16.6­
MBps hosttransfer rate, PR ML Read 
Channel technology, Fast ATA-2 
performance via PIO mode 4 and 
multiword OMA mode 2, an 11-ms 
seek time, and a 5400-rpm rota­
tional speed. 
Contact: Samsung Electronics 
America, Inc. , Ridgefield Park, 
NJ, (800) 933 -4110 or 

(201) 229-4000; http: 
//www.sosimple.com. 
Circle 1005 on Inquiry Card. 

Flat-Screen 
Color Monitors 

THECL l 5E, WITH A 15-INCH DIAGONAL 

screen ($379), and the CL17, with 
a 17-inch screen ($679), feature a 

dot pitch of0.28 mm, a maximum 

noninterlaced resolution of 1280 

by 1024 pixels, horizontal fre­

quencies of up to 69 kHz, a vertical 
refresh rate of up to 120 Hz, and 

on-screen display digital controls. 
The monitors come with anti re­
fl ection and antistatic screens, and 

controls for color temperature and 

geographic screen adjustments. 

Contact: Pacom Data, Inc., 
Fremont, CA, (888) 297-2266 
or (510) 440-7200; 
http://www.pacomdata.com. 
Circle 1006 on Inquiry Card. 

Windows NT Servers 

DESIGNED FOR DATA-INTENSIVE, MISSION ­
critical applications, the lnterServe 

650 and 660 servers (from $50,200) 
come with up to four 200-MHz 
Pentium Pro processors with a 512­
KB L2 cache; up to 4 GB of mem­
ory; 12 PCI and three ISA expansion 
slots; 9-GB hard drives, for up to 1 
TB ofstorage; Ultra-SCSI RAID con­
trollers; eight hot-swappable drive 
bays; RAID subsystemsthatsupport 
RAID 0, 1, 3, 5, and O+ 1; and remote 
management. 
Contact: Intergraph Computer 
Systems, Hu ntsville, AL, (800) 
763-0242 or(205) 730-5441; 
http://www.intergraph 
.com/ics. 
Circle 1009 on Inquiry Card. 
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B. Y. 0. I. S. ~ 

(Bring Your Own Internet Service Provider) 

Log into BIX and you'll find people like yourself. People who 
are glad to lend a helping hand when someone asks a question. 
People who listen to what you have to say. People who know 

about things that will surprise you. 

Now BIX is available at a price never before seen online. 

If you already have Internet access, telnet to BIX 

Flat Rate: $6.95/mo $14.97/3mo $24.97/6mo $34.97/year 


This plan allows unlimited use of both our text-based services and 

Web services available only to BIX members. 


If you need Internet access, BIX offers a Flat Rate plan at prices ranging 

from $23.95/month (down to as low as $16.95/month if you pay by the year) 


including nationwide access at speeds up to 28. 8kbps or X.25 access 

at speeds up to 14.4kbps, and a pay-as-you-go plan for $12.95/month 


for six hours of access plus $2/hour thereafter. 


Complete details are available from our e-mail auto-responder 
at info@bix.com or by visiting the BIX Web Site (see below). 

To sign up for BIX, dial (800) 695-4882 or dial 

(617) 492-8300, enter bix when prompted and enter bix.rd at the Name? 


prompt. A step by step procedure will get you logged into BIX. 

The same procedure works if you telnet to bix.com or x25 .bix.com, 


and you can also sign up on our Web Site. 


ahead of its time 

~ always was, always will be.EIW 

Visit us on the Web at http://www.bix.com/ 

Circle 450 on Inquiry C ard. 

http:http://www.bix.com
mailto:info@bix.com


WHO DO YOU TRU ST WITH THE TRA NSMISSION 

in your Teutonic sports coupe? 


An expert mechanic or Ed from the corner Gulf station. 


Your gall bladder? 


A surgeon or some guy fresh from medical school. 


Hmm. Tough choice. 


Now imagine you're a business trying to cope in today's 


"ever-so-wired" world. Sure, you know the problems and 


opportunities. But which IT products offer the best 


solutions is Greek to you. 


Once again, an expert is called for. 


So you get him in your office [he works for you, after 


all) and say, "Hey, this convergence of computing and 


communications thing is driving me nuts. You're the 


technology expert, find me some answers." 


And he comes back a month or so later with all the 


right solutions and products. And you say, "How did 


you do that so fast?" 


And the expert says, " BYTE." 


And you wonder how much he knows about transmissions. 


Nearly one million computing experts worldwide read BYTE magazine every month. Because only BYTE delivers the 

global coverage and technical insights that illuminate Information Technology from problem through solution. That 
makes us something of an authority on the subject. And you something of a genius when you advertise in BYTE. For 
more information, call John Griffin, VP/ Publisher at 603.924.2663. Or contact us at http ://www.byte.com 

THE GLOBAL AUTHORITY FOR COMPUTING TECHNOLOGY. 

http:http://www.byte.com


Hardware What 's New 

Pentium Pro Server 

THE ALR REVO LUTION MP PRO (FROM 

$3995) lets you start with one 200­
MHz Pentium Pro processor and 
easily add a second processor. The 

server comes with a 256- or 512­
KB L2 cache; 32 MB of ECC RAM 
(expandable to 1 GB); eight expan­
sion slots (four PCI, one EISA, and 

three shared PCl/EISA); one 3'h-inch 
floppy drive bay; five 5'/, -inch 
front-accessib le and five internal 

3'h-inch drive bays; and support for 

up to four IDE devices. Other fea­
tures include a 2-MB PCI graphics 

adapter; two 16550 UART seria l 
ports; one ECP/EPP bid irectional 
para ll el port; and ALR's ln forMan­
ager, an array of integrated sensors 

that continuously monitor infor­
mation such as system and proces­
sor temperatures, fan operations, 
and system voltages. 
Co11tact : Advanced Logic 
Research, /11c. , Irvine, CA, 
(800) 444-4257 or (714) 581 ­
6770; http://www.alr.com. 
Circle 1008 on Inquiry Card. 

Multimedia Computer 

THE ASPIRE ULTI MATE SOLUTION (FROM 
$2499) includes a 166-or 200-MHz 

Pentium processor with 256 KB of 
pipeline burst cache memory, 24 to 

32 MB of EDO RAM , 10- and 12­
speed CD -RO M drives, a 3.5-GB 
hard drive, 3-D 64-b it graphics 
acce leration with 2 MB of EDO 
video memory, hardware wave ­

table sound, hardware MPEG video 
playback, a33.6-Kbps fax modem, 

and a 10-W subwoofer and joystick. 
You also get one-button direct 
In ternet connection and Quick 
Start, which lets the PC accept 
incoming ca lls, faxes, e-mail, or 

Internet news 24 hours aday. 
Contact: Acer America Corp., 
Sanjose, CA, (800) 733-2237 
or (408) 432-6200; http: 
//www.ace1:com/aac/aspire/. 
Circle 101 Oon Inquiry Carel. 

Tablet PC Has 
Wireless LAN Radio 

A WINDOWS 95-COMPATIBLETABLET PC, 
the Styl istic 1000 RF features Prox­
im's Rang eLAN2 2.4-G Hz wirel ess 

radio with 15 independent chan­

nels, a 1.6-Mbps data transfer rate, 

and a 200- to 500 - foot indoor 
wireless range to an Ethernet access 
point. The 3.6 - pound system 

includes a 100-MHz486 processor; 
8 MB of DRAM, expandable to 40 
MB; a 260- or 340-MB hard drive 
with a preloaded OS and LAN driv­

ers; a lithium-ion battery pack, for 
4 to 6 hours ofoperation; a metal­
barrel stylus; seria l, paral lel, video, 

mouse, and keyboard connectors; 
a 72-pin port-replicator connec­
tor; and an lrDA infrared wireless 
port. Three 8-inch LCDs are avai l­
ab le: DSTN co lor ($4830), t rans­
f lective monochrome ($4340). and 
transmissive monochrome ($4185). 

Contact: Fujitsu Personal 
Systems, Inc., Santa Clara, CA, 
(800) 831-3183 or (408) 982­
9500; http://www.(psi 
.(ujitsu.com. 
Circle 1012 on Inquiry Card. 

3-D Rendering 
Workstation 

THE 3D GRAPHIST (FROM $7000) COMES 

with dua l 200-M Hz Pentium pro­
cessors with a 16-KB internal cache, 

64 MB of EDO memory, a Plextor 
eight-speed SCSI CD-ROM drive, a 
Seagate Hawk 2.1-GB Ultra-Wide 
SCS I hard drive, a Teac 3''2-inch 

1.44-MB floppy drive, a Diamond 
Stealth 64 PCIvideo card, aCreative 

Labs Sound Bl aster 16 card, Labtec 
LCS-600 speakers, and a 17-inch 
Samsung Syncmaster GLSI SVGA 

monitor. 

Contact: Falcon Northwest 
Computer Systems, Inc. , Coos 
Bay, OR, (888) 325-2661 or 
(541) 269-0775; http: 
//www.falcon-nw.com. 
Circle 1011 on Inquiry Card. 

6.5-Pound Ruggedized 
Color Notebook 

ENCASED IN LIGHTWEIGHT MAGNESIUM AND 
resistant to shock, vibration, water, 
and dust, the CF-25 notebook 
(about $3329 to $3869) is ava ilable 
with a 100- or 133-MHz Pentium 
CPU; an 840-MB or 1.35-GB hard 

drive; 8 MB ofRAM, expandable to 

72 MB; a 32-bit PCl-bus architec­
ture; a Card Bus and ZV port; 16­

bit stereo sound; a DayBrite 10.4­
inch active-matrix co lor LCD 
screen; three stacked PC Ca rd Type 
II slots; and an optional six-speed 
CD-ROM drive that swaps with the 
floppy drive. 
Contact: Panasonic Personal 

Computer Co., Secaucus, NJ, 
(800) 662 -3537 or (201) 
271-3182; http://www 
.panasonic.com. 

Circle 1013 on Inquiry Card. 

Pentium Pro PC 
for less Than $2000 

AVAILABLE WITH A 150-, 180-, OR 200­
M Hz Intel Pentium Pro CPU, the 
Preferred 6200's (from $1950) 

desktop or tower co nfigurations 
include five drive bays and seven 
drive bays, respectively;256 to 512 
KB of L2 pipelined burst cache 
memory; up to 768 MB of RAM; 
support for up to four \DE drives; 

four PCI and three \SA expansion 
slots; two seria l ports; one parall el 

port; and two USB ports. 
Contact: CSS Laboratories, 
Inc. , Irvine, CA, (714) 852­
8161; http://www 
.csslabs.com. 
Circle 1014 on Inquiry Card. 

PCl-Bus Digital 
Video Card 

WITH THE WAKE BOARD MULTIMEDIA PRO 

(about $1000), you can capture and 

compress video as an AVI f ile for 
playback on a PC. Based on a pro­
grammable DSP, so it can perform 
rea l-time capture of video, the 
board comes with 2.5 MB of RAM 
(2 MB of DRAM and 512 KB of 
SRAM), S-Video and composite 1/0, 
support for NTSC and PAL, and sup­
port for reso lutions of from 160 by 
120 pixels by 30 fps to 640 by 480 
pixels by 15 fps. 
Contact: Digital Video Arts, 
Ltd., Jenkintown, PA, (215) 
576-7920; http://www 
.dval. com. 
Circle 1024 on Inquiry Card. 
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Visual Programming for Science 

N ew tools that go far beyond GUI construction. 

ntil recently, if you had asked 
me to defin e what visual pro­
gramming mea ns, l w o uld 
have po inted you to Vi sual 

Basic or Visual C+ + and sa id, "That is 
visual programming incarnate." H ow­
ever, visual programming as exempli fied 
by those two tools is not much more than 
building GU!s. Yes, you can construct a 
Visual Basic application using "nonvisual 
components" such as a database object. 
Those non visual components appear o n 
the form as small bit maps that hint at the 
functi onality lurking underneath , but do 
little more than act as reminders that a 
database is in the application. 

I so metim es think ano th er catego ry 
of tools has a greater claim to the visual­
programm ing titl e th an the too ls men­
tioned above. An excellent example fro m 
this other category is acroScience's Visual 
Science (VS). Prices start at $395, and dis­
counts are ava ilable. 

VS is similar to O beron's Prospero (see 
" Prospero's M agic Application Integra­
tor," February BYrE), but Prospero is pri­
marily a data-manipulati on too l. VS is a 
mathematical programming and simula­
tion too l. Programming in either involves 
dragging " blocks" onto a workspace and 
wiring them together to form programs. 
In this scheme, the blocks represent exe­
cution objects. Wires represent data fl ow. 
Programmin g is therefore visual in the 
sense th at the p rogramming language 
itself is visual. With Visual Basic and Vi­
sual C+ +,the visual elements are part of 
th e fin a l applicati on , no t an aspect of 
the language. 

T he idea behind VS is not new. VisS im 
uses it (see "Travels and Trava ils," J anu­
ary 1994 BYTE), as does Progra ph (see 
"Prograph CPX: Purely Visual," J anu­
ary 1995 BYTE). H oweve r, VS le ts yo u 
encapsulate o ther external appli cations 
as building blocks. 
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By Rick Crehan 

Let's say you are building a VS appli­
ca ti on by populating a worksheet with 
blocks taken fro m a tool palette and wir­
ing the blocks together. Functions a given 
block performs can range from primiti ve 
to complex. A good example of a primi ­
ti ve block is a decision block that works 
much as a simple multipl exer with two 
inputs and two outputs. O ne input acts 
as a selector; the other accepts arbitra ry 
data. If the selector is set to zero, it routes 
th e data in put to the fi rst output; if the 
selecto r is set to o ne, the data appears on 
the second output. 

A compl ex block encapsula tes mo re 
elaborate behavior and can be an entire 
program in the class ic sense of the word . 
T har is, the block can consist of a func­
ti on written in a procedu ra l language. VS 
includes its own language, Math Calc, 
which is a powerful math ematica l lan­
guage in its own right. MarhCalc eas il y 
handl es vector and matri x opera ti o ns 
(matrix mul tiplicati on and di vision are 
built in to the language). It includes over 
l 00 math functi ons. 

H owever (and this is important to note), 
a complex block could also be an entire 

WHERE TO FIND 

acroScience 
(303) 541 - 0089 
info@acroScience.com 

Matlab program or an entire Interactive 
Data Language (IDL) p rogra m. (IDL is 
marketed by Research Systems of Boul­
der, Colorado.) 

VS links into M atlab t hro ugh DOE. 
(Developers at acroScience hinted that a 
higher-throughput connection into M at­
l ab wo uld be avail abl e in th e nea r fu­
ture. )The connection to a Matlab block 
is as seamless as with any of VS's primi­
tive blocks. Consequently, you can easily 
integrate arbitrarily large and powerful 

M atlab o r IDL programs into a VS appli­
cation. You identify which variables in the 
p rogram act as inputs and w hi ch act as 
o utputs. VS makes co nn ecti o ns ava il­
able so that you can wire the block in to 
yo ur VS ap pli ca ti o n . T hi s le ts VS p ro ­
grams rap into capabilities beyond those 
avail able in a single appl ica ti o n . Cur­
rently, acroScience is working to integrate 
o th er mathe matics packages into VS; 
more sho uld be supp orted by the rime 
you read this. 

The ramifications of VS are interesting. 
If you have a problem you can't solve in 
MathCa lc, yo u can call on Matlab fo r 
help. If Matlab doesn' t include the fea­
ture mix yo u need to so lve the problem, 
you can try another package. 

I hope to see more o f this trend , where 
visual languages act as la rge-scale macro 
languages for automating diverse appl i­
cati o ns. T his a ll ows you to work visu­
ally for the coarse-grained components 
of the application and then drop into tra­
diti o nal p roce du ra l code for the fin e­
grained elements. llJ 

Rick Greha11 is a senior technical editor for 

BYTE reviews and a coauthor of The Client/ 

Server Toolkit. You can reach him by sending 

e-mail to rick_g @bix.com. 
<O 
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The Dell Latitude LM P133ST It looks like a 

notebook. Yet it performs like adesktop. Sounds 

like someone's going to have to start a new 

category! All thanks to PC World who started it 

when they gave us their Best Buy 

award and said, "the Dell Latitude 

LM Pl 33ST is a hands-down Best 

Buy for users looking for adesktop 

P.entium 1 " A b Id, o , , •• o , rep acement. o statement. 

They also sa id things like it's the "fastest 

notebook we've ever tested." And "Pros: Large, 

crisp screen; terrifically fast. Cons: none'.' And 

to think they didn't even get to its 128-bit 

graphics accelerator which gives you amazing 

graphic abilities that your desktop-laden 

co-workers will envy. 

We could go on and on. They certainly did. 

But we' ll let you get to a phone first. 

llilil;li!3;1 
800-817-3355 
http://www.de11 .com/buydel I 
Mon-Fri 7am-9pm CT• Sat 10am-6pm CT 
Sun 12pm-5pm In Canada: cal l 800-233-1589 

I Keycode #01167 I 

http://www.de11
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• 64MB EDO Memory wi th ECC 

• 256KB Internal L2 Cache 

• 2GB SCSI Hard Drive [7200 RPM, 8msJ 

• Adaptec 2940UWController Ca rd 
• 17LS Monitorl 157"v.is.) 

• 2MB EDO ViRGE 30 Video Card 

• NEW BX SCSI CD-ROM Drive 
• Sound Blaster 16 PnP Sound Card 

• Altec ACS-90 Speakers 
• MS' Office Professional with 

Bookshelf for Windows• 95 
• Microsoft' Windows NT®Workstation 

4.0/30 Days Free Support/MS Mouse 

• 3Year Limited Warranty ' with 1Year 
On-site' Service 

*	 Upgrade toa 77HS Trinitron Monitor(75.9" 
v.is. 26dp, 7600x 7200max. res}. add$769. 

$3599 
Business Lease 0: $130/Mo. 
Order Code #501109 

• 32MB SDRAM Memory 
• 512KB Pipeline Burst Cache 

• 3.2GB Hard Drive [9.5msl 
• ms Monitor 1157" v i s. ) 
• Matrox Millennium 4MB WRAM 

Video Card 
• NEW 12X EIDE CD-ROM Drive 
• AWE32 Wave Table Upgrade Ca rd 

• Altec ACS-90 Speakers 
• MS Office Profess ional with 

Bookshelf for Windows 95 
• FREE Norton/Visio Express S/W Suite 

• Microsoft Windows 95/MS PlusI CO/ 
30 Days Free Support/ MS Mouse 

• 3Year Limited Warranty with 1Year 
On-site Service 

Business Lease: $100/Mo. 
Order Code #5011 04 

• 64MB SDRAM Memory 
• 512KB Pipeline Burst Cache 

• 3.2GB Hard Drive [9.5msJ 
• 17HS Trinitron Monitor 115.9" v.i.s., 

.26dp, 1600 x 1200 max. res.) 
• Matrox Millennium 4MB WRAM 

Video Card 
• NEW 12X EIDE CO-ROM Drive 

• AWE32 Wave Table Upgrade Card 

• Altec ACS-490 Fu ll Dolby Surround 
Sound Speakers with Subwoofer 

• MS Office Profess ional with 
Bookshelf for Windows95 

• FREENorton/Visio Express S/WSuite" 
• Microsoft Windows 95/MS Plus1 CD/ 

30 Days Free Support / MS Mouse 
• 3Year Limited Warranty with 1Year 

On-si te Service 

$3399 
Business Lease: $126/Mo. 
Order Code #501107 

• 32MB SDRAM Memory 
• 512KB Pipeline Burst Cache 
• 3.2GB Hard Drive [9 .5msJ 
• 15TX Trinitron Monitor (13.7" v.i.s.) 

• 2MB EDD ViRGE 30 Video Card 
• NEW 12X EIDE CD-ROM Drive 
• Integrated Sound Blaster 16 Sound 

• Allee ACS-90 Speakers 
• MS Office Professional with 

Bookshelf for Windows 95 
• FREENorton/Visio Express S/W Suite 
• Microsoft Windows 95/MS PlusI CD/ 

30 Days Free Support /MS Mouse 
• 3 Year Limited Warranty with 1 Year 

On-site Service 

Business Lease: $85/Mo. 
Order Code #50 11 03 

• 32MB SDRAM Memory 
• 512KBPipeline Burst Cache 
• 3.2GB Hard Drive [9 5msJ 
• ms Monitor (15.7" v.i.s.) 

• Matrox Millennium 4MB WRAM 
Video Card 

• NEW 12X EIDE CD-ROM Dri ve 
• AWE32 Wave Table Upgrade Card 
• Al tee ACS-290 Speakers with Subwoofer 

• 33.6 U.S.Robotics Te lephony Modem 
• MS Office Profess ional with 

Bookshelf for Windows 95 
• FREE Norton/Vi sio Express S/WSuite.. 
• Microsoft Windows 95/MS PlusI CD/ 

30 Days Free Support / MS Mouse 
• 3Year Limited Warranty with 1Year 

On-site Service 
* Upgrade to 64MB SORAM. add $299. 

Business Lease: $111/Mo. 
Order Code #50 11 06 

ZOOMHz PENTIUM PROCESSOR 
DELL DIMENSION P200v 

• 16MB SORAM Memory 
• 256KB Pipeline Burst Cache 
• NfW2.1GB Hard Drive [10.5msJ 
• 15TX Trinitron Monitor 113.7" v.i.s.) 

• 64-bit PCI 2MB DRAM Video 
• ax EIDE CO-ROM Drive 
• Microsoft Windows 95/MS Plusl CO/ 

30 Days Free Support/Dell Mouse 
• 3Year Limited Warranty with 1 Year 

On-site Service 
* Upgrade to 32MB SORAM, add $769. 

* Upgrade to a32GB Hard Drive (70.5ms). 
add $85. 

*	 Upgrade to a 77LSMonitor(75Tvis.}, 
add $179. 

Business Lease: $74/Mo. 
Order Code #501 102 

• 32MB SDRAM Memory 
• 512KB Pipeline Burst Cache 
• NEW2.1GB Hard Drive [ 1 0 . 5m ~ 

• ms Monitor (15.7" v.i.s.) 
• 2MBEDD Vi RGE 30 Video Care 

• NEW 12X EIDE CD-ROM Drive 
• AWE32 Wave Table Upgrade ( 

• Altec ACS-290 Speakers with ~ 
• MS Office Professional with 

Bookshelf for Windows 95 
• FREE Norton/Visio Express S(I 
• Microsoft Windows 95/MS Ph 

30 Days Free Support/MS M0t 
• 3Year Limi ted Warranty with 

On-s ite Service 
* Upgrade to a Matrox Miflenni 

WRAM Video Card, add $149. 

Business Lease: $96/Mo. 
Order Code #501105 

133MHz PENTIUM PROCESSO 
DELL DIMENSION P133v 

• 16MB SDRAM Memory 

• 256KB Pipeline Burst Cache 
• NEW2.1GB Hard Drive l10.5m 

• 15LSMonitor 1137" v. i. s. ) 
• 64-bit PCI 2MB DRAM Video 

• BX EIDE CD-ROM Drive 
• 3Com EtherLink Interface 

PCI Card 
• Microsoft Windows 95/MS P 

30 Days Free Support / Dell M 

• 3 Year Limited Warrantywitr 
On-site Service 

* Upgrade to 32MB SORAM, a 
* Upgrade to 3 Years of On-sit 

Service, add $99. 

Business Lease: $67/Mo 
Order Code #501101 

IN CLUDI 

FREE Norton/Visio Express Software Suite includes Norton AntiVirus, Navigator and Utilities, and Vis io Express 4.0. 

tPricing is not discountable. tfor a complete copy of our Guarantees or Limited Warranties. please write Dell USA L.P., 22 14 W Biaker lane. Suite 0. Austin.TX 78758.Osusmess teasing ananged by leasing 
Group, Inc. · 'Norton/Visio Express Software Suite is available only on Dell Dimension systems purchased with the combination of MS Office and Microsoft Windows 95 Visio Express 4.0 is an OEM version 
and a subset of Visio 4.0. Software may not include all documentation and may differ from retail version. ' System weight Wlth floppy drive in options bay. "'On-site service provided by BancTec Service 
Corporation.On-site service may not be available in cenain remote locations.¥On-site service for the Power edge 2100 Server is provided by Digital Equipment Cmpmat1on and is available in 29 metropolitan 
areas. * Prices and specifications valid in the U.S. only and subject io change without notice.The Intel Inside logo and Pentium are 1egistered uademarks and the Intel LAN Desk logo is a1rademark of Intel 
Corporation. MS. Microsoft. Windows and Windows NT are iegistered trademarks of Microsoft Corporation. XJACK is a registered trademark of US Robotics Mobile Communications Corporation. 3Com 
and Etherlink are registe1ed trademarks of 3Com Corporation.©1996 Dell Computer Cmpoiation. AU 1ights reserved. 
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• NEW Multimedia Notebook 

• 12.1" SVGA Active Matrix Color Display 
• 40MB RAM/1.3GB Hard Drive 
• 256KB L2 Cache 
• Options Bay accepts 6X CD-ROM, 

3.5" Floppy Drive (both inc luded) or 
Optional 2nd Li-Ion Battery 

• PCI Bus wi th 128-bit GraphicsAccelera tor 
• Integrated 16-bit Stereo Sound 
• Smart Lithium Ion Battery 
• Touchpad 
• lrDA 1.0 Standard Compliant 
• MS Office Pro fo r Windows 95 

• 28.8 XJACK /Cabled Modem 
• Leather Carrying Case 
• Under 7Pounds* 

• Extendable 1Year Warrantyt 

$39991 

Business Lease: $144/Mo. 
Order Code #800060 

133MHz PENTIUM PROCESSOR 
DELL LATITUDE LM P133ST 

• NEW Multimedia Notebook 
• 12.1· SVGA Active Matrix Color Disp lay 

• 16MB RAM/810MB Hard Drive 
• 256KB L2 Cache 

• Options Bay accepts 6X CD-ROM, 
3.5" Floppy Drive (both included) or 
Optional 2nd Li- Ion Battery 

• PCI Bus with 128-bit Graphics Acce lerator 
• Integrated 16-bit Stereo Sound 
• Smart Lithium Ion Battery 
• Touchpad 

• lrDA 1.0 Standard Compliant 
• Under 7Pounds* 
• Extendable 1Year Warranty 

* Upgrade to 40MB RAM. add $299. 

$29991 

Business Lease: $111/Mo. 
Order Code #800051 

• NEW Multimedia Notebook 
• 11.3" SVGA Dual Scan Color Display 

• 24MB RAM/13GB Hard Drive 
• 256KB L2 Cache 
• Options Bay accepts 6X CD-ROM, 

3.5" Floppy Drive (both inc luded) or 
Optional 2nd Li- Ion Battery 

• PCI Bus with 128-bit Graphics Accelera tor 
• Integrated 16-bit Stereo Sound 

• Smart Lithium Ion Battery 
• Touchpad 
• lrDA 1.0 Standard Compliant 

• MS Office Pro for Windows 95 
• Nyl on Carrying Case 
• Under 7Pounds* 
• Extendable 1Year Warranty 

* 3Com• 708ase-T Network Card. add $759. 

$26991 

Business Lease: $100/Mo. 
Order Code #800059 

100MHz PENTIUM PROCESSOR 
DELLLATITUDE LM P100SD 

• NEW Multimedia Notebook 
• 11.3" SVGA Dual Scan Color Display 

• 16MB RAM/81 OMB Hard Drive 

• 256KB L2 Cache 
• Options Bay accepts 6X CD-ROM, 

35" Floppy Drive (both included) or 
Optional 2nd Li -Ion Battery 

• PCI Bus with 128-bit Graph ics Accelerator 
• In tegrated 16-bit Stereo Sound 
• Smart Lithium Ion Battery 
• Touchpad 

• lrDA1.0 Standard Compliant 
• Under 7Pounds* 
• Extendable 1 Year Warranty 

* Upgrade to a 73GB Hard Drive, add $200. 

$21991 

Business Lease: $81 /Mo. 
Order Code #800049 

• NEWPentium Pro Server 

• 32MB Error Correcting Code (ECCi EDO 
Memory (512MB Max) 

• 256KB Integrated L2 Cache 

• Integrated PCI Ultra/Wide SCSl-3 Control ler 
• 2GB Fast/Wide SCSl-2 Hard Drive 

[7200RPM, 8ms] (12GB Max) 

• BX SCSI CD-ROM Drive 

• 3Com 10/100 PCI Ethernet Adapter 

• In tel LANDesk'" Server Manager v2.5 
• 6Expansion Slots: 3 PCI, 3 EISA 
• 6Drive Bays: 3Externa l 5.25"/3 Internal 3.5" 
• 3 Year Warrantyt with 1Year Next­

Business-Day, On-site6 Service 
• 7 x 24 Dedicated Server Hardware Tech 

Support 

* Microsoft Windows NT Server included 
at no extra charge through 72/37/96. 

* Upgrade to 64MB ECC EDD memory, 
add $649. 

* Upgrade to a 4GB Fast/Wide SCSl-2 hard 
drive, add $450. 

$3799 
Business Lease: $137/Mo. 

Order Code #250020 


• Pentium Pro Chip-based Server 

• Pentium Pro Chip-based Mini-Towers 

Pentium Chip-based Mini-Towers 

• Pentium Chip-based Notebooks 

800-545-9670 
http://www.del I .com/buydel I 
Mon-Fri 7am-9pm CT •Sat 10am-6pm CT 
Sun 12pm-5pm In Canada: ca ll 800-233-1589 

I Keycode #0 11 68 I 

http://www.del


Besides its formidable 200MHz Pentium 

processor, this Dell Dimension comes with 

a powerful package of business software·· 

pre-loaded. Not games. Not fluff. Serious 

stuff li ke Microsoft Office 

for Windows 95. The 32-bit 

virus protection of Norton 

P.~r!~iH•JI AntiVirus. The powerful file 

management features of Norton Navigator. 

The data protection and recovery tools of 

Norton Utilities. And all the diagramming 

tools of Vi sio Express 4.0. It also comes 

with built-in Dell reliability, built-in Dell 

value, and guaranteed next-business-day 

on-site• service. So order today. It may be 

the fastest way to get ahead in business yet. 

800-678-0717 
http://www.dell .com/buydell 
Mon-Fri 7am-9pm CT• Sat 10am-6pm CT 
Sun 12pm-5pm In Canada: ca ll 800-233-1589 

I Keycode #01166 I 

http://www.dell.com/buydell
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