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MAGNUM PRO AND 


N I 

. ' 

A gain, Micron leads the industry by making 

I affordable workstation performance a reality. 

The new Micron Magnum Plus Pro200 expands

'I I the limits of a workstation with the most 

advanced components available. The Magnum 

Plus Pro200 system combines superior Micron 

engineering with Intel 's advanced Pentium°' Pro 

processor and Windows® NT for the fastest, most 

reliable system on the 

market today. The 

Micron Magnum Plus 

Pro200-just what 

you'd expect from 

Micron Electronics, 

the technology leader. 

"The Micron Magnum Plus Pro200 
is the workstation to beat. " 

-PC Magazine, February 6, 1996 

MAGNUM PRol50 MAGNUM PLUS PR0200 
• Intel 150MHz Pentium Pro processor • Intel 200MHz Pentium Pro processor 
• 256K internal cache, flash BIOS • 256K internal cache, fla sh BIOS 
• BX EIDE CD-ROM drive, 3.5" floppy drive • PC! 32-bit Ultra SCSI Fast-20 controller 
• 16-bit stereo sound & speakers • BX SCSI-2 CD-ROM drive, 3.5" floppy drive 
• PCI 64-bit video, MPEG, 2MB EDO • 16-bit stereo sound & speakers 
• Tool-free mini-tower or desktop • PCI 64-bit vi deo, MPEG, 2MB EDO 
• Microsoft®Mouse, 104-key keyboard • Tool-free mini-tower or desktop 
• Microsoft Windows NT Workstation 3.51 CD • Microsoft Mouse, 104-key keyboard 

~ • Microsoft Office Pro 95 & Bookshelf 95 CDs • Microsoft Windows NT Workstation 3.51 CD 
~ • 5-year/3-year Micron Power"' warranty* ~ • Micl'osoft Office Pro 95 & Bookshelf 95 CDs 

~ • 5-year/3-year Micron Power warranty*
A • 16MB RAM • l.OGB EIDE hard drive 

• 15" Micron 15FGx, .2Bdp (13.7" display) A • 32MB RAM • 2GB Fast SCSI-2 hard drive 
• 15" Micron 15FGx, .2Bdp (13. 7" display)$2,999 Business lease $102/month $4,3 99 . Business lease $150/month

B • 32MB RAM • l.6GB EIDE hard drive 
• 17" Micron 17FGx, .26dp (15.B" display) B • 64MB RAM • 4GB Fast SCSl-2 hard drive 

• 17" Micron 17FGx, .26dp (15 .8'' display)$3 f 799 Business lease $129/month $5 f 799 Business lease $182/month 

• 5-year limited warranty on microprocessor and main memory 
• 3-year limited parts-only system warranty 
• I-year optional on-site service agreement 
• 30 days of free Micron-supplied software suppon 
• 30-day money-back policy 
• 24-hour technical suppon 

All sales are subject to Micron's standard limited warranties and terms and conditions of 
sale. Copies of the limited warranties may be obtained by calling Micron. 
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AWARD WINNING SYSTEMS 


POWERSERVER SMP Pl33 
• Intel 133MHz Pentium®processor 
• Dual Pentium SMP ZIF sockets?.:~ilgned for 

:~ .... ,, • 512K write-back cache, flash BIOS 
• Slots: 5 EISA, 2 PCI, 1 EISA/PCI};E: 

....,, a> • PCI 32-bit l1ltra SCSI Fast-20 controller 
Mic roso f t• • 8X SCSI-2 CD-ROM drive, 3.5" floppy drive 
Windows"95 • PCI 64-bit video, MPEG, 2MB EDO 

•Full-size tower with 10 drive bays 
• Microsoft®Mouse, 104-key keyboard 

~ • Microsoft Windows® 95 CD & MS Plus! CD 
~ • 5-year/3-year Micron Power'" warranty* 

A • 16MB RAM • lGB SCSI-2 hard drive 
• 15" Micron 15FGx, .28dp (13.7" display) 

$2f 8 9 9 Business lease $99/month 

B • 32MB RAM • 2GB SCSI-2 hard drive 
• 15" Micron 15FGx, .28dp (13.7" display) 

E xceptional speed, performance and reliabili ty are $3f 6 9 9 Business lease $126/month 

• With second lHMHz Pentium processor .... add $399just a few of the reasons Micron is a technology • With Windows NT Workstation 3.51 CD... ....add $99 
leader in PC design. From the award-winning 

PowerStation to the PowerServer SMP P266, Micron POWERSERVER SMP P266 
offers a complete range of dependable products to suit 

•Dual 133MHz Pentium processors 
every need. When you're considering your next PC • 512K write-back cache, flash BIOS 

• Slots: 5 EISA, 2 PCI, l EISA/PCI
purchase, consider a Micron PC. • PCI 32-bit Ultra SCSI Fast-20 controller 

• 8X SCSI-2 CD-ROM drive, 3.5" floppy drive 
• PCI 64-bit video, MPEG, 2MB EDO 
• Full-size tower with IO drive baysPOWERSTATION PIOO • Microsoft Mouse, 104-key keyboard 

~•Microsoft Windows NT Workstation 3.51 CD • Intel lOOMHz Pentium®processor 
~ • 5-year/3-year Micron Power warranty*• 8X EIDE CD-ROM drive, 3.5" floppy drive 

• 16-bit stereo sound & speakers A • 32MB RAM • 2GB SCSI-2 hard drive• PCI 64-bit video, MPEG, 2MB EDO • 15" Micron 15FGx, .28dp (13 .7" display)• Tool-free mini-tower or desktop 
•Microsoft®Mouse, 104-key keyboard $J f 999 Business lease $136/month

~ • Microsoft Windows® 95 CD & MS Plus ! CD 

~ • 5-year/3-year Micron Power•" warranty* 
 B • 64MB RAM • 4GB SCSI-2 hard drive 

• 17" Micron l 7FGx, .26dp (15.8" display)A • 8MB EDO RAM • l.OGB EIDE hard drive 
• 15" Micron 15FGx, .28dp (13 .7" display) $5f 3 9 9 Business lease $170/month• Microsoft Works 95 CD 

$1,699 Business lease $58/month 

B • 16MB EDO RAM • l.6GB EIDE hard drive 
• 15" Micron 15FGx, .28dp (13.7" display) 
• Microsoft Office Pro 95 & Bookshelf 95 CDs 

$2,099 Business lease $71/month 
POWERSERVER P133 SMP 

POWERSTATION LX PIOO 
• Intel lOOMHz Pentium processor 
• 8MB EDO RAM • l.OGB EIDE hard drive 
• 3.5" floppy drive, flash BIOS 
• PCI 64-bit graphics accelerator (lMB) 
• 15" Micron 15FGx, .28dp (13.7" display) 
• Tool-free mini-tower or desktop 
• Microsoft Mouse, 104-key keyboard 
• Microsoft Windows 95 & MS Plus! 


~• Microsoft Works 95 

~· 5-year/3-year Micron Power warranty* 


~ $1,499 Business lease $51/month 
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Unleashing up to 166MHz 


of Pentium® processor 


power, the Micron Millennia 


surpasses established bench­


marks to create a whole new 


THE MICRON MILLENNIA 
• = = 

level of computing perfor- I =IJanuary 9, 1996 
MILLENNIA mance. Continuing to sweep I I I 1 

the PC industry's most coveted awards, !:--O-o­
the Micron Millennia line was recently 11 . 
recognized with PC Magazine's "Best 

Products of 

1995" award. 

MILLENNIA PLUS Pl66MILLENNIA Pl50 
• Intel 150MHz Pentium processor • Intel 166MHz Pentium processor 
• 512K pipelined burst cache, flash BIOS • 512K pipelined burst cache, flash BIOS 
• SX EIDE CD-ROM drive, 3.5" floppy drive • PCI 12-bit Ultra SCSI Fast-20 controller 

• SX SCSI-2 CD-ROM drive, 3.5" floppy drive• 16-bit stereo sound & speakers 
• PCI 64-bit, 3D video, MPEG, 2MB EDO • 16-bit stereo sound & speakers 
• Tool-free mini-tower or desktop May 30 , 1995 • PCI 64-bit, 3D video, MPEG, 2MB EDO 

MILLENNIA P120• Microsoft" Mouse, 104-key keyboard • Tool-free mini-tower or desktop 
~ • Microsoft Windows• 95 CD & MS Plus! CD • Microsoft Mouse, 104-key keyboard 
~ • 5-year/3-year Micron Power'M warranty* • Microsoft Windows 95 CD & MS Plus! CD

t1WI\ • Microsoft Office Pro 95 & Bookshelf 95 CDsA • SMB EDO RAM • l.OGB EIDE hard drive ~ •A 5-year/3-year Micron Power warranty*
• 15" Micron 15FGx, .28dp (13.7" display) 

• 16MB EDO RAM • lGB Fast SCSI-2 hard drive• Microsoft Works 95 CD 
• 15" Micron 15FGx, .28dp (13.7" display) 

$If9 9 9 Business lease $68/month December 1995 
M ILLENNIA P133 $2f 7 9 9 Business lease $95/month 

• 16MB EDO RAM• I.6GB EIDE hard drive B • 32MB EDO RAM • 2GB Fast SCSI-2 hard drive• 15" Micron 15FGx, .28dp (13.7" display) 
• 15" Micron 15FGx, .28dp (13.7" display)• Microsoft Office Pro 95 & Bookshelf 95 CDs 

$3f 5 9 9 Business lease $122/month 

C • 64MB EDO RAM • 4GB Fast SCSI-2 hard drive 
• 17" Micron 17FGx, .26dp (15.8" display) 

$4f 9 9 9 Business lease $170/month 

Business lease $109/month • With 150MHz Pentium processor....subtract $100 

Designed forentium processor... ...... subtract $100 

entium processor.................add $100 
 : :::~• 

~ ~~~f'·- .. ..,.... . 
Microsoft• 

P~fltiJ..!Ql Windows"95 
• 900 E. Karcher Ro.id, Nampa, ID 83687 

Tollfrecfrom Canada • Mon·Fri 6am·IOpm Sat 7am-Spm (MT) 
800·708· 1758 • l111crna1ional Sales Hours: Mon-Fri 6am-7pm (MT) 

• 208-893-3434 • Fa< 208-893-3424 
• Purchase Order Fax 208-893-8992 

Tol!free from Mexico • Technical Suppon Available 24 Hours ADay-7 DaysAWeck 800-233-702795·800-708-1755 • Technical Support E-mail: techsuppon.meic@micron.com 

http://www.rnei.micron.com(8SGl"Ved . AU prices and speci fica!ions subject to change without notice. Micron Electronics, Inc. is not 
hy or photography. Intel, Intel Inside and Pentium are registered trademarks of the Intel 

indows, Windows NT and the Windows logos are trademarks of Microsoft Corporation. 
c. AU other company trademarks are !rade names of each respective company. Prices do 
licy does not include return freight and original shipping/handling charges, applies only to 


shipment. All re turns require RMA numbers and must be shipped in the original condition prepaid 
 1'4ICR!;!.~on SS:.month lease. FAM-BYTE-9606 

Circle 61 on Inquiry Card. 

http:http://www.rnei.micron.com
mailto:techsuppon.meic@micron.com


Developers, Programmers &: Engineers: 


You protect 
your 

pockets, 

H ere's a FREE offer no 

self-respecting techie 

can turn down: call our 800 

number now and you'll get an 

ultra-hip pocke protector. 

It's free, no charge, zip, nada. 

, No hassles, either. When 

you call, we won't try to sell you 

anything. We won't tell you how 

pirates steal your software, drive your 

sales curve down, and drain your revenue. 

No, we won't $ElliInEL
mention that our Soft:vvare Prot:ect:ion 

easy to use Sentinel® keys are the best way to stop 

piracy. We won't brag about the fact that over 

8 million Sentinel keys protect products and profits 

for developers all over the world. 

Visit us at http://www.rnbo.com 

http:http://www.rnbo.com


Do you develop 

network software? 

Well , we won't tell 

you about SentinelLM,-" - the ultimate 

network license manager. H ow it 

enforces your licenses, prov ides many 

li censing models, and gives yo ur 

customers true fl exibility. 

And we' re not even allowed to say 

how our M ykotronx subsidiary builds 

sa tellite communica tion encrypt ion 

systems fo r cl ients like the U.S. Govern mec 

for 

goodness sake, 

protect your 
products! 

Of course, you rea lly do need to know So, get to it! Ca ll 1-800-852-8569. 
more about the world's Leading securiry Tell us you wa nt your pocket protector. T hen 

solutions fo r the information age, so we 'll hang up the phone and go develop some new 

incl ude a complimentary security kit with cool prod ucts for us to protect. 

your pocket protector. 

Hey developers , p r ogrammer s 
and engineer s - call Rainbow 

now t o receive your ul t r a­
hip poc ke t protec t or 

Security Solutions for the Information Age 
INTERNET: http://w ww.rnbo.com • WORLD HEADQUARTERS: 50 Technology Drive, Irvine, CA 92718 • Tel: (71 4) 450-7300 • Fax: (714) 450-74 50 

ASIA/ LATIN AMERICA: (7 14) 4 50 -7300 • FRANCE: (33) 1 41 43 29 00 • GERMANY: (49) 89 32 17 98 0 • U.K.: (44) 1932 570066 


©1996 Ra inbow Technologies, Inc. Sentinel and SentinelLM are trademarks of Rainbow Technologies. All other product names are trademarks of their respect ive owners. 


Circ le 62 on Inquiry Card. 

Rainbow's Global 
Security Partners 

ALGERIA: AFAK 
(2 13) 41BS61 
ARGENTINA: AgrfAid, S.A. 
(54) l 8030536 

AUSTRALIA: LOADPlAN 
(61) 39690 0455 

BELGIUM,ILUXEMBURG: E2S 
(32) 92 2111 17 

BRAZIL: MIPS Sistemas Ltda. 
(55) 11 5748686 

BULGARIA: KSIMETRO 
(35) 9279 1478 

CHINA (East) : Shanghai Pudong
SoftwarePark Electronics Company
(86) 21 6417 8626 

CHINA (North): CS&S 
(86) 10 217 7722 X2404 

COLOMBIA: Constwdata 
(57) l 622 601 1 

CZECH REPUB LI C: ASKON lnl'I 
(42) 23103 652 

EGYPT: ZEOAN·ADS 
(202) 248 8994 

GREECE: Byte CampulerS.A. 
(30) l 924 1728 

HONG KONG:Alfalink Tech. Ca. 
(852) 2333 0626 
HUNGARY: M1ware Kft 
(36) 76 481 236 

INDIA: ANC Engineering Co. 
(9 1) 11 46 15680 

INDONESIA P.T. Promptrade lnfoScan 

162) 21 375 166 

IRAN: GAM Electronics 
(98) 21 87 44 OD l 

ITALY: BFI IBEXSA SPA 

(39) 23 31 00535 

ITAL Y: Siasistemi 
(39) 30 24 411 

JAPAN: Giken Shoii Co., Lid. 
(8 1) 52 972 6544 

JORDAN: COG Engineering
(96) 26 863 861 

KOREA: Genesis Techn ologies
(82) 2578 3528 

LEBANON: National GroupCon s. 
(961) l 494317 

MAlAYSIA: Eastern SystemsDesign
(M) Sdn Bhd 
(60) 32411188 

MEXICO: l m~ex Camp., S.A. de C. V. 

152) 66 210 291 

MOROCCO: Fulur &Saft 
(2 12) 240 03 97 

NETH ERlANOS: lntroCom 
(31) 74 2430 105 

NEW ZEAlAND: Software Images
(64) 09 378 9790 

PERU OpenSaft
(51) l 224 2125 

PHILIPPINES Mannasofl Technology Corp.
(63) 28134162 

POlANO: HITEXSp. za.a. 
(48) 22 419751 

PORTUGAL: COMELTA 
135 1) l 9416507 

SAUDI ARABIA ZEOAN 
(966) 2665 1904 

SCANDINAVIA: Perico A/S
(47) 2249 1500 

SINGAPORE: Systems Design PIE LTD 
(65) 747 2266 

SOUTH AFRICA: SOFTSECURE 
(27) 11 482 6964 

SPAIN: MECCO 

(34) 3422 7700 

SWITZERlANO: IBV AG 
(41) 17459292 

SWITZERlAND: SafeCompaid S.A. 
(41) 24215386 

TAIWAN: Evershine Tech. 
(8 86) 28208925 

THAllAND: BCS lnl'I 
(66) 2319 4451 

TUNISIA: Saft Info. Technique
(2 16) 1719 486 

TURKEY: BIMEK~ Ltd. 
(90) 216 348 J508 

VEN EZUElA: HRT·M Osers 
(58) 2261 4282 


http:http://www.rnbo.com
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A Place for Everything 
88 

By EdmundX. Dej esus 
New technologi es will raise 
capaciti es and lower prices of 

tomorrow's storage devices. 

Irresistible Drives 
91 

By EdmundX. Dej esus 
Quantum mechani cs meets 
dazzling ae rodynamics at 
10,000 rpm in hard drives : 
the next generation. 

The Way of All Flash 
99 

By Rick Cook 

Flash memory hasn't replaced 

BYTE JUNE 1996 

the hard disk, but it's showing 
up in a ll kinds o f devices. 

CD It for Yourself 
105 

ByJason }. Hyon 
and Micheal D. Martin 
What you need to know to 
record your own CD -RO Ms. 

19 
We get mail about our Web­
server rev iew, the future of 
computing, and our cover 
story on the Web PC. 

Electric 
Money

74 

Before digital currency 
can replace paper and 

coin, four technology 
issues need to be 
resolved. 

Clusters for the Masses 
136NA 3 

By Salvatore Salamone 
Clustering technology moves 
toward the mainstream as 
standards finally emerge. 

Must-See 3-D Engines 
137 

By Tom Thompson 
Comparing a trio of 3-D tech­
nologies: SGI's OpenGL, 
Apple's QuickDraw 3D, and 
Microsoft's Direct3D. 

. BITS 

Pentium Pro Moves IBM to Improve Enterprise 
to the Desktop 26 Support in OS/2 Server 27 

Tool Makers Take It Faster, Fatter CD-ROM 
to the Net 31 Titles on Hold 46 

Portable Devices Highlight A Road Map to Better 
Best of CeBIT 32 Bandwidth 27 

Codetalk 36 EDITORIAL 
How Java Can Pay BYTE's New Interface 
the Rent 27 14 

By Raphael Needleman 

4 



OPERATING SYSTEMS 

Crave the RAVE 

49 
By Peter Wayner 

Apple's low-level rendering 
system provides a cross-plat­
fo rm API for 3-D graphics 
acceleration. 

NETWORKS 

How to Put Mainframes 
on the Web 

53 
By Salvatore Salamone 

Browsers can provide a front 
end to a ll that data on big iron. 

@ 
Data ALU 

bus 
switch 

U obtains data from RAM 

CPUs 
Two, Two Chips in One! 59 

By Tom Thompson 

A look inside a DSP that's also 
a microcontroll er. 

Big Picture, Little Box 

66 
By Susan Colwell 
NEC fixed the card-compati­
bility prob lems with its 
LCD300 fl at-panel display and 

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

REVIEW 
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Exchange : E-mail on Steroids 

153 
By Steven }. Vaughan-Nichols 

Microsoft 's Exchange Serve r 
has some great e-mail features. 
Bur groupware it's not. 

LAB REPORT: HARDWARE 

12 Ink-Jet Printers 

for Quality Color 

114 
By Jim Kane 
and Dorothy Hudson 
Good-l ook ing color doesn't 
mean you have to dole o ut a lot 
o f gree n. 

WHAT'S NEW 
216 

Pick your CPU for this PC. 

PROGRAMMING 

VxDs in Windows 95 

63 
By Rick Crehan 
Here's how VxDs cope 
with Win 95's mix of old 
16-bit applications and new 
Win32 programs. 

WEB PROJECT 
:r 
w 
CD 
w 
:;:: Web Conferencing 
:i: 
z 

131 
Q 
w By Jon Udell 
~ :;; Our Web wizard discusses the 
w 
0: good and the bad of Web-based 
u conferencing applications. 

NT Flies at 333 MHz 

65 
By Selinda Chiquoine 
Polywell 's new Alpha worksta­
tion is the fastest machine 
we've ever rested , but its per­
formance drops off in less 
CPU-intensive rests. 

slashed prices in half. 

Internet Video : Small Isn't 

Beautiful 

69 
By Stephen Satchell 
and H.B. J. Clifford 
VDOLive softwa re promises 
real -rime video via the Net. 

Too good to be true? 

Apple's Desktop Replacement 

70 
By G. Armour Van Horn 

Apple jazzes up its diminutive 
Duo notebook with a 603e 
chip. Dock it, and you'd think 
you' re running a PowerPC 
desktop machine. 

SERVICE 
Reader Service 
Inquiry Reply Cards 136NA 
11-12,208A-B 

Index To Advertisers By 
Alphabetical Order 208 
Product Category 210 
Editorial Index 
by Compan y 212 

When D Equals E 

157 
By Jerry Pournelle 

Jerry takes a trip to Ba ltimore 
for the AAAS annual meeting. 
Back home, he insta ll s a 
removab le drive on Pentafl uge. 

Virtual Reality 

224 
Stereoscopic headsets and 
hand-contro lled pucks won' t 
be just for games for long. 

Building Bandwidth 

146 

ByJeffrey N . Fritz 
Our tests of three single-line 
ISDN adapters-from ADAK, 
Motorola, and 3Com-prove 
that low-cost digita l connec­
tions are fin ally here. 

LAB REPORT: SOFTWARE 

New Leaders of the 

Client/Server Migration 

124 
By Mark Hettler 
Testing of four programs 
for bui lding Windows 
cl ient/server applications 
revea ls the best tools. 

PROGRAM LISTINGS 

FTP: ftp.b yte.com 
From BIX: Joi n " listings/ 

frombyte96" and se lect the appropriate 
subarea (i.e. , "junc96"). 

From 1he BYTE BBS at 1200-9600 
bps: Dial (603) 924-9820 and fo llow 
in structi ons at the prompt. 

THE BYTE WEB SITE 
and THE VIRTUAL PRESS ROOM 

www.by te.com 

BYTE {ISSN 0360-5280) is published monthly by The 
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WINDOWS 
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to the Desktop . .. . . . .. .. .... 2 6 

Intel is prepar ing low-cost 

versions of its top CPU. 
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and Play-Sort Of. .. . .. .. . .. 3 6 

Digital is adding limited sup­

port for PnP-like functionality 

to its NT notebooks. 


Real Classes for Visual 

Basic .. . . ... . .. . .. . ... . .... . . . 3 6 

ClassAssist adds inheritance 

and polymorphism. 


VxDs in Windows 95 .. . . . .. 6 3 

How VxDs cope with Win­

dows 95's mix of 16-bit and 

new Win32 app lications. 
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The 333-MHz Poly 333P-A 

makes a great workstation for 

some NT applications. 


Internet Video: Small Isn't 
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VDOLive delivers real-time 

video over the Net-sort of. 


Irresistible Drives .. . .... . . . . 91 

Even Windows 2 '110 won't be 

able to fill up future hard disks. 


12 Ink-Jet Printers 
for Quality Color .. . . .. .. .. 11 4 


Our lab tests prove that you 

can get grea t colo r output from 

some nicely priced printers. 


New Leaders of the Client/ 
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We test deve lopment tools for 

creating Windows-based 
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Must-See 3-D Engines . .. 1 3 7 

Microsoft's Direct3 D squares 
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Three ISON adapters give you 

an affordable digital link. 
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Back Office users will like 

Exchange Server's e-mail. 
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Jerry installs a removable drive 

o n a Win 95 machine. Alas. 
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OS/2 
IBM to Improve Enterprise 

Support in OS/2 Warp 

Server . . . .. ... .. .. ... ... . . . ... 42 

Big Blue plans to add multipro­

cessing as wel l as directory and 

security services to its already 

solid OS. 


MACINTOSH 
Crave the RAVE .. . .. . ... . ... 49 

Apple's RAVE low-level 3-D 

graphics sys tem provides a 

cross-platform AP!. 


Apple's Desktop 
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Apple revs up the <lockable 
Duo notebook with a PowerPC 
603e chip. 

12 Ink-Jet Printers 

for Quality Color . . ... . .. .. 11 4 

Apple's Style Writer is among 

the dozen models we test for 

sharp- looking output. 


Must-See 3-D Engines ... 1 3 7 

Tom T hompson scrutinizes 

App le's Quick Draw 3D. 


Building Bandwidth . .... . 1 46 

We test ISDN adapters that 

come with Macintosh-based 

communications software. 


UNIX 
CD It for Yourself ... .... .. 105 

With ROM burners dropping 

below the $1000 mark, it's 

time to consider storing your 

data on silver platters. 


Must-See 3-D Engines ... 1 3 7 

SG l's OpenGL environment 

extends beyond the PC and 

Mac to many flavors of Unix. 


NETWORKS 
How to Put Mainframes 

on the Web . .. . . . . . ... . . .. . .. 53 

How to give your intra net 

clients a commo n front end to 

a ll that data on the mainframe. 


A Place for Everything . . . . . 8 8 

Breakthroughs that wi ll help 

solve the problem of vanishing 

storage room. 


12 Ink-Jet Printers 

for Quality Color ... . . . .. . . 11 4 

HP's Desk] et 1600 CM gives 

everyone on the network 

access to color printing. 


New Leaders of the Client/ 

Server Migration . .. ... . . . 1 2 4 

We test four leading develop­

ment packages for Windows. 


Building Bandwidth ... .. . 146 

ISDN adapters give your PCs 

an affordable connection. 


Exchange: E-mail 

on Steroids ... . . .. . ... ... . . 1 5 3 

NT-based Exchange talks nice­

ly to other networks, including 

NetBIOS and T CP/IP. 


INTERNET 
Tool Makers Take It 

to the Net ..... .. ...... . . ... . 3 1 

New components provide 

browser functi o ns and Internet 

access that developers can 

build into their applications. 


How Java Can Pay 

the Rent ..... .. .. . . . .. .. . .. .. 40 

How can applet developers 

make money? Answers are 

starting to emerge. 


A Road Map to Better 

Bandwidth .. ............... .4 8 

Internet father Vinton Cerf 

ta lks about technologies that 

will speed up Net traffic. 


How to Put Mainframes 

on the Web . . .. . . ... .. . . ..... 53 

Is the Web browser the ulti­

mate corporate front end? 


Internet Video : Small Isn't 

Beautiful . ..... .. ... .. . . . . . .. 6 9 

VDOnet's VDOLive software 

delivers rea l-time video over 

the Net-but don ' t expect a 

great picture. 


Electric Money.. . ... . . . . . .. . 7 4 

We need to resolve four techni ­

cal issues before digital dinero 

becomes the currency of on­

line transactions. 


Web Conferencing ....... 1 31 

Our Web wizard discusses his 

experiences with Web-confer­

encing applicat ions and the 

problems involved. 


Building Bandwidth ... . .. 1 4 6 

Our tests of ISDN terminal 

adapters prove you can now 

have an affordable and fast 

digital connection to the Net. 


CD-R ..... . . . . ... . . . .. . ... 10 5 


CD-ROM .. . .. . . .. . . 46, 105 


Chips . . . . . .. . ... . . . . .. 26, 5 9 


Client/server . ... . . . . . . ... 1 2 4 


Conferencing . . . . . . ..... . 1 3 1 


Database. . . . .. . . . ....... . 1 2 4 


Disk drive 

technology ... ... . . ... 8 8 , 9 1 


Displays . . . ... . ..... ... . .. .. 6 6 


DSPs . . ... . . . . . . . . ... .. .. . .. 59 


E-mail .. .. .. . ........ . .. . 1 53 


Flash memory ........ ..... 9 9 


Graphics . .. . 4 9, 11 4, 1 3 7 


lnternet . . 27, 31 , 40, 48, 


53, 69 , 74, 131 , 146 


lntranets .... ... 48, 53, 74 


ISDN ..................... 146 


Java . .. . . . . .... . 2 7 , 3 6 , 4 0 


Magneto-resistive 

technology . . . . . .. . .. ... . .. 91 


Microcontrollers .. .. . . . .. . 5 9 


Mobile computing .. 3 2 , 3 6, 


70, 99 


Money, electric . .... ... .. . . 7 4 


Networking .. 4 2, 5 3, 11 4, 


124, 146, 153 


Operating systems ... 4 2, 4 9 


OpenGL. ... .. . .... .. .. .. . 137 


Printers, color ... . . . ... . .. 11 4 


Programming.. 2 7 , 31 , 3 6, 


40, 49, 63, 124 , 137 


QuickDraw 3D . . . .. . ..... 1 3 7 


Remote access ......... .. 1 4 6 


Storage .. . .... . 8 8, 91 , 9 9, 


105 , 157 


3-D technology .... 4 9, 1 3 7 


Videoconferencing . . .. .. .. 6 9 


Virtual reality . ... .. . .... . 2 2 4 


VRML . . . . ...... . .......... . 20 
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World Wide Web . . . . 1 9 , 5 3, 
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Quench your thirst with Pinnacle's new l • 
5 149s complete with one optical disk. Base 

Only 

on Pinnacle's revolutionary optical technology, 

the Vertex"' boasts a 19 msec seek time, a maximum dat .rate of 6 Megabytes per second, and spins at 

3755 RPM . Making the Vertex the indust s highest performance 5.25" 

COMPANY MODEL CAPACITY SRP SEEK RPM 2. Gigabyte rewritable optical drive. Vertex 
Plnnacle Micro Vertex 2.6 GB $1495 19 3755 
Hitachi OD 172 2.6 GB $2495 39 3000 

ut' izes removable, high capacity optical media for
Maxoptix T42600 2.6 GB $2525 39 3000 

Olympus PowerMO 2.6 GB $2500 26 3600 

Sony SMO-f 544 2.6 GB $2695 25 3600 unlimited storage. Fill up a disk, just pop in 
'1puifo1ian1 ~cquir?d dirwly from m1nufmum1 l/96. 

another. Data intensive applications such as digital video/audio, graphics, color prepress, imaging, 

networking and data archiving all require the optimum level of data integrity, portability, and 

fast random access to your information. The Vertex can hold up to 2.6 Gigabytes of mass storage 
on a single cartridge that complies with 

interchangeability. And now 

life up to I00 years! Your storage choice is clear. 

industry standards for data 

each removable disk has a shelf 

Call Pinnacle Micro, 

'7he Vertex 2.6 GB Is 
Natlonal Software Testing Lab's 

Top Choice, because of Ill 

Vertex 2.6 GB 

Best Performer Award 


April 1996 


the optical storage leader, today: 800-553-7070 

PtNNACLE &1cRo 
T H E 0 P T I C A L S T 0 R A G E C 0 M P A N y • 

Tel: 714-789-3000 Fax: 714-789-3150 • http://www.pinnaclemicro.com 

All Trademarks and Regi$ltred Trademarks of Their Re$pective Ownm. 

Circle 63 on Inquiry Card (RESELLERS: 64). 

untouchable perfonnonce." 
March /996 

http:http://www.pinnaclemicro.com


Sorry. 

This server is currently unavailable. 


• Please try again later. 

I 1·0·~1 I 
The server is still too busy to respond. 

. 
 Unless it broke down. 
. Again . 
. . ... . . . . . . . . . . . . . . . . . . . . . . . . .. Perhaps tomorrow. 

... . ... . . . . . . . . . . . . . . . . . . . . . . .
. 

Your repeated attempts to connect 
are beginning to make the server cross. 
Please go away. 

Back again? 

What are you, some kind of rejection junkie? 

This server is still unavailable, 


• and undoubtedly will remain so for the 
foreseeable future. 

You can bang the keyboard 'til you're 
blue in the face, but this server just isn't 
going to have time for you. 

• Not now. Not ever. Get over it. 



............
. 

.... 

Ifthe purpose ofyour Internet site is to annoy as many people as possible, most 

any server will do. However, ifyou'd like to offer access instead ofagita, try 

running on an Internet AlphaServer"' system. The 64-bit speed ofAlpha 

makes other servers look like sluggish@sloth.slo. So your site handles huge 

volumes ofvisitors, instead ofturning The Internet 
AlphaSeruer 1000­

one ofa family of 
high-performance 
Internet servers, 

preconfigured am/them away. Reliability is standard ready to run . 

OBVIOUSLY. Tt'IS "]uipment. So ir a th"e-year wan-anty. Tmm/ari,nc 

WEB SITE iSN T RUNNING _.nterray,penfo' 

ON AN ALPHASERVER. 
business, not down fo r maintenance. You also get superb scalability, for fotu re 

expansion. A f ull suite ofInternet software, with powerfol administration tools. 

A wide choice ofpreconfigured models. Andsomething no other 64-bit RISC server 

offers: Windows NT"' UNIX® or Open VMS;" whicheveryou prefer. So you can 

focus on running your business, not wrestling with bits and bytes. To see an 

Internet AlphaServer system in action, visit the Alta Vista"' search engine at 

http://www.altavista.digital.com. Or contact your Digital 

WHATEVER IT TAKES sM BusinessPartner or call 1-800-DIGITAL, press 4. And build 

Circ le 601 on Inquiry Card. 

an Internet site they'llfind way cool. Instead ofone they can't find at al!.'\!1 
ABR 
C 1996 Dig it al Equipment Co rporation. Digital, the DIGITAL logo, AlphaSe rver, OpenVMS and Alta Vista are trademarks 
and Whateve r It Takes is a service mark of Digita l Equ ip me nt Co rp . Wi ndows NT is a tr ade mark of Mi cro sof t Corp . UNIX 
is a 1egis t ered trademark in the United States and oth er count ri es, l ice nsed excl usive l y t hro ugh X/ Open Com pany, l td. 

http:http://www.altavista.digital.com
mailto:sluggish@sloth.slo
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WmBook 
XP6 

~ 

~ 


"Fastest 
notebook yet...~' 

-PC World, April 1996 

5 OUT OF 5: WINDOWS MAGAZINE'S HIGHEST RATING 

I ... ;: ..·· MMMMM 
:~\:::::::· ·~~.the best design of any notebook fve tested~' 

- Michelle A. Tyrrell, Windows Magazine, March 1996 

WINBOOK XPS 75MHz 
• 75MHz INTEL PENTIUM~ PROCESSOR 

- POWER-SAVING NOTEBOOK CHIP 
• BMB RAM 
• 540MB REMOVABLE HOD 
• 256K L2 CACHE 
• 14.4 SEND/RECEIVE FAXNOICE/DATA 

MODEM 
• 10.4' TFT ACTIVE MATRIX COLOR 

DISPLAY 
• 3.5"1.44MB DISKffiE DRIVE 
• 6.1 POUNDS 
• 32-BIT LOCAL-BUS VIDEO 
• NIMHBATIERY 

WI POWER MANAGEMENT 
• 1MB VIDEO RAM 
• TWO TYPE II OR ONE TYPE Ill 

PCMCIASLOT 
• INTEGRATED DUAL-BUTION POINTING 

S\\CK,OPTIONALOUAL-BUTION 
TRACKBALLOR TOUCHPAD 

• PARALLEL,SERIAL AND PS/2 PORTS 
Double your RAM to 16MB for only $399 

at time ot notebook purchase! 

WINBOOK XPS 100MHz 
• 	100MHz INTEL PENTIUM~ PROCESSOR 

- POWER-SAVING NOTEBOOK CHIP 
• 16MB RAM 
• 810MB REMOVABLE HOD 
• 256K L2 CACHE 
• 	14.4 SEND/RECEIVE FAXNOICE/DATA 

MODEM 
• 	10.4' TFT ACTIVE MATRIXCOLOR 

DISPLAY 
• 3.5" 1.44MB DISKffiE DRIVE 
• 6.1 POUNDS 
• 32-BIT LOCAL-BUS VIDEO 
• 	40 WATI LITHIUM ION BATIERY 

WI POWER MANAGEMENT 
• 1MB VIDEO RAM 
• 	TWO TYPE 11 OR ONE TYPE Ill 

PCMCIASLOT 
• INTEGRATED DUAL-BUTION POINTING 

STI CK, OPTIONAL DUAL-BUTION 
TRACKBALL OR TOUCHPAD 

• 	PARALLEL, SERIAL ANO PS/2 PORTS 

Add stereo sound for only $79.95! 

WINBOOK XPS 120MHz 
• 120MHz INTEL PENTIUM~ PROCESSOR 

- POWER-SAVING NOTEBOOK CHIP 
• 16MB RAM 
• 810MB REMOVABLEHDD 
• 256K L2 CACHE 
• 14.4 SEND/RECEIVE FAXNOICE/DATA 

MODEM 
• 10.4"TFT ACTIVE MATRIX COLOR 

DISPLAY 
• 3.5" 1.44MB DISKEnE DRIVE 
• 6.1 POUNDS 
• 32-BIT LOCAL-BUS VIDEO 
• 40 WATI LITHI UM ION BATIERY 

WI POWER MANAGEMENT 
• 1MB VI DEO RAM 
• TWO TYPE 11 OR ONE TYPE Ill 

PCMCIASLOT 
• INTEGRATED DUAL-BUTION POINTING 

STICK,OPTIONAL DUAL-BUTION 
TRACKBALL OR TOUCHPAD 

• PARALLEL, SERIAL AND PS/2 PORTS 

Add Syncburst cache and 1.3GB HD,$300! 

AWinBook XP for every budget, starting at $15991 

$1599 $1999 
WINBOOK XP 75MHz WINBOOK XP 1OOMHz 

• 75MHz INTEL• 486 PROCESSOR • 100MHz INTEL0 486 PROCESSOR 
• BMBRAM • 16MBRAM 
• 540MB REMOVABLE HOO • 810MB REMOVABLE HOD 
• 	14.4 SEND/RECEIVE • 14.4 SEND/RECEIVE 

FAXNDICEJDATA MODEM FAXNOICEJDATA MODEM 
• 103" DUAL-SCAN COLOR DISPLAY • 103" DUAL-SCAN COLOR DISPLAY 

PLUS MANY MORE QUALITY STANDARD WINBOOK XP FEATURES! 

WmBool< 

COMPUTER CORPORATION 
a subsidiary of Micro Electronics, Inc. 

CALL US TODAY, TOLL-FREE 

1·800-468-0712 

Monday-Friday, 8am-9pm EST • Saturday, 9am-4pm 

Options include your choice of integrated touchpad or trackball pointing devices, 3-year extended limited warranty, 
stereo sound, WinBook carrying cases, 28.8 Fax/Modem PCMCIA card and more! 

©1996 IVinBook COffii!uier Corporation. All righ1s reserved. WinBook is a registered trademark o! Micro Eleclronics. Inc. The Intel Inside logo arid Pentium a;e reg istered trademarks of thelnlel Corporalion. Use your VlSA, Discover Card, MasterCard, personal checkor P.O. with credit approva l. 
All Olhef lrademarks and 1egistered uademarks are prol)€r 1y of their respective corporations. All prices andspet:1fical ions are subjec! lo change 11ithou1 no1ice or 0bliga1ion. Prices do no1 include shipping. U.S. sales only. 30-day unconditional money·back guarantee from date of purchase. 
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How you look 


Amoco is saving 5% per proj ect or up ro 20 million 

dollars by using \lisio to beller plan and manage 

its oil e .. 1ploration. Other companies use it to 

sa ve time. Still others to increase productivity. 

You' II.find lots of" companies hm'e adopted Visio. 

Companies such as Chrysle1; National Semiconductor 

and Fluor Daniel. 

© 1996 Visio Corporation. Visio and SmartShapes are registered trademarks of Visio Corporation. All other trademarks are held by their respective companies. 



•• ·­
Look at things with Visio and suddenly everything becomes 

clearer. You can see gaps in your organization, conflicts in 

timelines or weaknesses in process flow. No, you don't have 

some secret sixth sense. You have graphics technology 

that can be integrated in every department, across your 

entire company. Our SmartShapes®symbols let you create 

network diagrams, organizationa l charts and engineering 

at t hi ngsschematics that are both intuiti ve and intelligent Visio and 

can profoundly affect 

what you see 
Visio Technica l are also fully compatible with Word, Excel, 

Lotus Notes and AutoCAD. If you're ready to see more, call 

800-24-VISIO, ext. E25. For corporate evaluation call 800-VISI0-07. 

http://www.visio.com 

http:http://www.visio.com


BYTE's New Interface 

Don'tpanic! BYTE: Look6 diMerentnow, butthere'6 one thing we didn 't change: 

fte rthree years in its cu rrent 
clo thing, it's time fo r BYTE's 
inte rface to chan ge, a nd 
th a t 's wh a t ha pp e ns t hi s 

issue. Some o f the changes are cosmet­
ic and obvious (they 're th e ones you've 
probably already noticed) . But th ere's 
mo re to th e new BYTE than just looks. 

First of all , let me explain that there's 
one thing that is not changing: BYTE's 
commitment to bringing you the latest 
analysis o f computer techno logies you 
can use to make yo ur busin ess mo re 
co mp e titiv e. We a re no t " dumbin g 
d o wn " BYT E o r in an y way redu cin g 
th e a m o unt o f info rma ti o n in th ese 
pages. Our new typeface, in fac t, is more 
effici ent, allowing us to put more text in 
th e sa me area, so we can increase th e 
space devoted to graphics. 

Spea kin g of g rap hi cs: Yo u ' ll fi nd 
that more o f our graphics now convey 
in fo rmati o n o n multipl e layers. First, 
there's the base layer, the static "archi­
tecture" o f the informati on und er dis­
cussion (for exampl e, in a diagram o f a 
CPU's architecture, this wo uld be th e 
block diagra m) . Then th ere's the fl ow 
layer, where we will illustrate a process 
on top o f the base, to show how the tech­
nology or product works. Finally there's 
the edito ria l laye r, which will have our 
opinion and judgment on top of the oth­
er laye rs. This philosophy will not be 
obvious in all graphics, but we hope that 
ove r tim e you' ll notice that the pictures 
in BYTE have more informati on in them. 

Also starting in this issue, the " reviews 
ghetto" in the back of the book is elim­
in a ted . In stea d , revi ews will run 
th roughout the magazine, in fi ve differ­
e nt sec ti o ns . We a re d o in g thi s to 
acknowledge that it's not just technolo­
gy that you care about : It's th e p rod­
ucts that realize the promise of the tech­
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Our commitment to technology. 

nology. So now you can read about the 
ho ttes t techno logies and th e ho ttes t 
products without having to flip from the 
fro nt to the back of the magazine. 

Starting in this issue we' ll also rate the 
products we revi ew. See thi s mo nth 's 
Lab Repo rt , "12 Ink-Je t Printers for 
Quality Color," to see what I mean. 

The fr o nt o f the magaz ine gets th e 
biggest changes. Our new Bits secti on 
replaces News and Views. Bits contains 
no t just th e news and analys is yo u' re 
used to, but also new elements th at will 
educate and entertain, like "Geek M ys­
tiqu e," "Yea h, But .. .," a nd th e occa­
sio na ll y requested "Bug o f the M onth" 
(see, I do listen wh en you write to me). 
There's mo re in the new Bits secti on, as 
I'm sure you' ll no tice. 

O th er parts o f th e magaz ine have 
been moved around and renamed-all 

Here's what's new in BYTE: More reviews, better news, 

and improved graphics. Not to mention a few surprises. 

a very enj oyable challenge to create it. 
BYTE has always been about the new. 

This versio n continues that tradition in 
an era wh en a ll o f us have too much to 
read, too much to think about, and too 
much to do. Behind ou r new interface, 

in the interest o f improv ing your read­
ing experi ence. And a t th e end , we' re 
going to have some fun: The back page 
of the magazine now has coverage of the 
latest, hottest technology gizmos we can 
get o ur hands on. 

T he a rti st be hind o ur new loo k is 
Gary Koepke. Gary has designed such 
diverse publ icatio ns as Spin magazine 
and the ]. Crew catalog. His work has 
appea red in several top design journals, 
including ID and Graphis. BYTE is Gary's 
first co mputer magazine, but as Ga ry 
a nd I cam e to und ers ta nd w hil e w e 
wo rked through the new d esign, t he 
necessities of magazine design transcend 
magazine genre: What makes fo r a good 
music or news magazine also makes fo r 
a good computer magazine. I hope you 
like BYTE's brand new look. It has been 

we remain co mmitted to fi lte ring th e 
no isy strea m o f d ata abo ut new com­
puter techn ology and deli vering mean­
ingful , use ful packets to you. 

Farewell 
I' m o ff to a new p roject : running the 
Web magazine C I Net Online. M y suc­
cessor here will be M ark SchJack, who's 
been with BYTE fo r four months as its 
Editor. I kn o w M ark will d o a great 
job. And he had better-because as of 
today, I'm one o f his customers: a pay­
ing BYTE subscriber. Ill 

Raphael Needleman 
rafe@well.com 

mailto:rafe@well.com
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An AS/400®Advanced Series Solution 

Behind Ben Tse's success 

in capitalizing on 


the small business market 


is SourceMate's 

versatile software that 80,000 


customers count on 


"Developers Lease available trom IBM Credit for commercial, stale and local government customers quali!ied as Independent Soll 
Developers financing an AS/400 Advanced Ser~er Model 40$. Payments as low as $180.00 per month for best c1edit cuslomers 
24-month fair market ~alue lease.Other ra1es. terms and conditions are a~-ai!able tor non-qualifying so!\waie developers or developers 
di1!erent c1edil qua1ifica1ions, or other commercial or state and local government custome1s. Credi \ and ottler restriclions may a 
Advanced Serve1 must be insral!ed by Decembf1 31, 1996 



--------- - - --- - -- - ---- - - ------

and a network of 3,000 

resellers who keep 


the numbers rolling in. 


He also found that making his software 

available on AS/400 Advanced Series 


gives both him and his customers 

a flexible and affordable way to grow. 


As c~jounder ~f SourceMate® Injonnation 
Systems, Ben Tse has a remarkable head 
.for numbers (as well as the suit to nwtch). 
So, to keep his numbers headed in the right 
direction, Ben.figured he'd give his customers 
a way to grow with him. His solution: 
AS/400 Advanced Series. 

For as little as $180 a nwnth*, Ben 
.financed an AS/400 Advanced Series. Using 
Win400'" for Clipper;" he was able to port hi,s 
AccountMate® accounting s~ftware, opening 
new avenues for growth. His 3,000 resellers 
are able to ~ffer small businesses, worldwide, 
an incrediMy scalable computing system. 
And his customers are able to grow their 
business, without changing their s~fiware. 

Best ~fall, as an IBM partne1; Ben 
received the technical andfinancial support 
he needed along the way. 

On balance, it was just the kind of 
affordable solution Ben, his T/,4Rs and his 
customers were lookingf01: 

How can y our company profit from 
AS/400 Advanced Series' 360,000 systems, 
worldwide? Call 1 800 365-4426, ext. 630, 
or visit us on the Net at www.as400.ibm.cmn 
and we 'll show you a number ~fways. 

--- -·--® 

Solutions for a small planet" 

1ceMate and AccountMateare registered 11adema1ks o! SourceMale lnlormation Systems. Inc. AccouniMate is licensed direc1ly 1rom 
rceMate and all warranty, service and support are prll'iided by SourceMate. Selection and use is me purchaser's 1esponsibili1y. IBM makes no 
~tations 0t warranties reganllllQ non-IBM products. Formore intmmalion about SourceMa1e. call I 800 877-8896. IBMand AS/400 are 
;tered llademarks and Solutions !or asmall planet is atrademark ol lnternatiooal Business Machines Corporation. Win400 is atrademark o! 
ne.ss Engineering and Soflwa;e Tools SA.Clipper 1s alrademar'i: of Compute1Associates.© 1996 JBMCorporation 

www.as400.ibm.cmn




Tracking the Web PC 

" Inside th e Web PC" 
(March) expanded beyond 
its title subject to exami ne 
emergi ng- and often co m­
peti ng or conflict ing- tech­
nology trends, as well as 
products now ava ilabl e o r 
under development. I' ve 
been in the business for 33 
years, 20 of them tracking 
advanced prod uct t rends for 
IBM. I can appreciate the 
hard work and knowledge 
that went in to that article. 
]011Dwye1· 

Dwyer Associates 

}BDWYER@delphi.co111 

The BYTE 
Distribution 

I was immed iate ly 
impressed with the si mp lic­
ity and enh anced navigati on 
of the emul ation of tabbed 
indexes you descri bed in 
"Web Design" (Netwo rk 
Pro ject, March) . If you 
don't mind, I've used this 
wi th my TCT in fo rmation 
pages (www.ebico m.net/ 
- twicker/TCTin fo. htm) 
and will probably imple­
ment it th roughout my oth­
er sites as well. Great idea! 
Tom Wicker 

twicker@ebicom.net 

We don 't mind at all. In fact, 
I've posted the Perl code that 
does this on The BYTE Site. 
The openness ofHTML - the 
fact that anyone can see how 
a page is constructed by 
using the browser's "View 
Document Source" fea ­
ture- is one ofthe factors 
propelling the waip -speed 

evolution we see on the Web 
today. -jon Udell, execu­
tive editor 

BYTE on the Web 

I t ried to fi nd so me of the 
articles in the Ma rch prin t­
ed issue of BYTE o n the 
BYTE Web Site bur did n' t 
succeed. Have you chosen 
to include o nly so me of the 
pri nted articles on the Web? 
Birgit Pedersen 

Library ofComputer Science 

& Mathematics 

Aarhus U11 iversity 

De111narl< 

The fu ll content ofBYTE 
appears on the BYTE Web 
Site three months after the 
printed issue appears. We 
post selected articles within 
a few weeks ofour news­
stand date; these include the 
editorial, the cover story, the 
Web Project column, j erry 
Pournelle's column, and the 
international section of the 
magazine, which is other­
wise distributed only to 
those who subscribe to that 
edition. -Eds. 

Synchrotrons 
Are Simple 

In the enj oyable article o n 
the fu ture o f computing, 
"When Silicon Hi ts !rs Li m­
its, W hat' s Next?" (Apri l), 
you state, "Finall y, there is 
the issue of having a re li abl e 
X-ray source." 

O uch ! Si nce 1992, IBM's 
Helios l, located in Fishkill , 

H OW TO C O NTACT US 

O N TH E WEB BY E·MAI L SUBS CRIPT IO N 
Visit The BYTE Site! Address letters to CU STOME R SERVICE 
Search our archives. editors@bix.com. To U.S. 011/y: (800) 232· 

Download articles. See reach individual BYTE 2983; intemat.ional: 

industry press releases. editors, see The BYTE (609) 426-7676; or see 
join on-line Site 011 the Web for a www.byte.com/admin/ 

conferences with other directory. Letters may mpcstsvc.htm 
BYTE readers! be edited. 

www.byte.com/. For advertising and 
BY POST ot /1er noneditorial 

BY FAX Editors, BYTE, One contacts, see page 10 
(603) 924-2550 Phoenix Mill Lane, or click on the 

Peterboro11gh, N H In formation link on 
03458 The BYTE Site. 

New York, has had an aver­
age uptime of about 97 per­
cent. T he H elo is 1 ri ng has 
only two moving parts, and 
in its support systems the 
major moving parts are 
water pum ps to coo l mag­
nets and the li ke. T hi s is the 
key to its re liability; addi ­
tiona l redundancy against 
breakdowns can easily be 
implemented. 

T here is a cost issue, but 
the cost of a synchrotron 
light source to 20 steppers is 
in line wi th stepper costs of 
$5 mi ll ion to $8 milli on 
each and is competi tive with 
the cost of laser systems, 
w hich can run in excess of 
$2 million per stepper. 
A lan ] . Wege1; site manager 

Helios 1 Sy11chrotro11 

Operations Team 

The article did state that IBM 

is using X-ray lithography 
for research in chip design, 
but we didn't make clear 
that the real problem with 
an on-site synchrotron is its 
operating expense. Such 
expenses aren't trivial, but 
they are certainly much less 
than the total cost ofa (ab. 
Unfortunately, in my con­
versations with IBM person­
nel, they did not point out 
the presence ofthe Helios 
faci lity. - Tom Thompson, 
senior technical editor 
at large 

More Linux, Please 

According to research done 
in February, more than 
500,000 people around the 
world use Linux . H ow 
abo ut more articles about it ? 
Hetz Ben Hamo 

malibu@netvision.net.il 

There will be more coverage. 
I recently began tracking the 
search terms applied to the 
BYTE Web site. Linux was 
the third most frequent 
search, after Microsoft and 
Java. I'm running Linux on a 
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WEB-SERVER BROADCAST STORM 

BYTE has received a flood ofe-mail criticizing our March 
Lab Report, "6 Servers Tangle on the Web." Here's a sam­
pling ofthe comments. 

" . . . picked the overpriced DEC server" even though 
" .. . Digita l fails one of their tests working with WAIS." 

" ... don ' t let us see what they're using as test data ." 

"Not real-world" . .. "Should have used a T1 line instead 
of a 10-Mbps link." 

"[BYTE) snubbed App le ... ,"" igno red Open Transport 
1.1," and generally used incorrect termi no logy to 
describe the Apple server. 

First, our stated goal was to see which Web servers were 
best for high-volume use. Our test-bed scaled up to simu­
late nearly 10,000 simultaneous users. We consider price 
in our reviews, but price does not make or break a prod­
uct's score. We gave the Digital Equipment Alpha Server 
1000 4/266 the highest marks because it not only performs 
well but also has considerable upward scalability in the 
storage, memory, and open slots that would be needed for 
some high-volume Web use. 

Not your cup oftea? We made it very clear in the review 
that the Silicon Graphics Web Force Indy "offers an out­
standing price/performance ratio" for busy, but lower­
volu111e, sites. That 111ight have been clearer still had we 
had space to include all the performance-versus-load tests 
that NSTL performed. We're updating this review on our 
Web site (www.byte.com) to include performance-versus­
load data. In the future, we will selectively expand such 
unpublished data on our Web site. 

High volume was also the key to our decision to use a 
10-Mbps network link. While Tl is used by many internet 
servers, it's too light a link to simulate intranet use or 
high-volume public access. All the servers tested would 
have pegged the Tl with no problem. 

Some features for Apple's Web server were awkwardly 
or inaccurately described. For example, the network con­
nection was described as AUi, not Apple'sMUI. Most of 
the information in question was given to us by a new 
einployee at Apple; in the future, we will extend our fact­
checking process to better verify vendor-supplied specs. 

Do we snub Apple? In the February issue, we gave the 
Power Mac 7500 and 8500 1995 Editors' Choice Awards. 
We didn't " ignore" Open Transport 1.1; it was not a ship­
ping product at press time. We covered it in some depth in 
"How Copland Communicates" (April). 

We stand by our choice ofthe Digital Alpha Server 1000 
4/266 as the overall winner in this Lab Report, with SGI's 
WebForce Indy and Intergraph's TD-40 as able, ifsome­
what less scalable, runners-up. We recognize that other 
Web-site scenarios exist, and we will continue to review 
Web servers aimed at various segments ofthe market with­
out preconceived notions. In short, we will maintain our 
long-standing cross-platform commitment. - Eds. 

machine that I'm going to 
incorporate into the server 
complex that nms our site. 
It wasn 't a flawless installa­
tion, but I've got everything 
going now, including net­
worl~ing and accelerated X 
Window System, and I'm 
looking forward to putting it 
to work alongside our SC I, 
BSD/, and NTservers. -Jon 
Udell, executive editor 

Plan9 

In the articl e " Plan 9: Fea­
ture Film to Feature-Rich 
OS" (March) you mention 
that Plan 9 is or wi ll be avail­
able on the Motorola 680x0, 
SPARC, Mips, Intel, and 
Hobbit architectures. I 
wonder why an AIX-/Uni x­
related chip such as the 
PowerPC is not included on 
the list. 
Bernard Veennan R1 

Schiphol A irport, Amsterdam, 

The Netherlands 

VEEnMAN@schiphol.111 

The simple answer is that 
the researchers did not have 
one during the development 
process. A more technical 
answe1; howeve1; is that the 
Powerl'C lacks consistent 
standards, although this is 
being addressed. For 
instance, the Apple Powerl'C 
and the IBM Powerl'C exhib­
it some differences due to 
the nature ofthe OSes that 
currently run on them. To 
provide a Power PC reference 
port-and the other ports 
are just that, reference 
ports- we need a platform 
with a stable definition. 
Because the Plan 9 OS is 
licensed in source code, [ 
would expect that someone 
out there will consider port­
ing it. 'fry asking the ques­
tion on the Net-in the 
comp.os.plan9 newsgroup, 
for example. 
Paul Fillinich 

p(ill i11ich@attmail. com 

But It Can't Read 

In "CD-ROM Has a New 
MO" (February) , you say 
that "all these systems use 
proprietary storage meth­
ods." Does this mean that a 
cartridge written on a Plas­
mo n PD2000e cannot be 
read by another MO drive, 
such as the Ricoh RS 9200Ell 
or a Sony? 
Hendrik Steyae1·t 

/-JSTE@bipsy.se.bel.alcatel.be 

Cartridge interchangeabil­
ity is an issue with most, if 
not all, optical drives. Car­
tridges themselves may be 
interchangeable, but differ­
ent formatting techniques 
may make one vendor's car­
tridge unreadable by anoth­
er vendor's drive. While we 
did not have the opportu ­
nity to do cross-compatibil­
ity testing for this review, 
the Plasmon drive uses 
phase-change media that 
would not be compatible 
with drives using 
magnetic/optical media, 
such as the Sony or Ricoh 
devices. Be aware, too, that 
different OSes (e.g., 
Windows 95 and Windows 
NT) may format media 
using different sector sizes or 
drive formats. 
- A 11drew Froning 

Managing Edito1; NSTL 

Publications 

VRML Defined 

What does the acronym 
VRML stand for? BYTE 
defines it as "Virtual Reality 
Markup Language." That's 
what I have always believed 
it to be. But I've a lso seen it 
defi ned as "Virtual Reality 
Modeling Language." Can 
you clarify? 
Dave McCarty 
trillion @allia11ce.net 

The confusion is under­
standable. At the first annu­
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THE COMPAQ LTE 5000 CAN BE 

ANYTHING You WANT IT To BE. 


16-bit audio with built-in 
dual speakers 

I 0.4" color dual scan display )!iiii!ii =---------­
~ ""'"' lcho#J 

et standard BMB 
memory - or go as 
igh as 72MB 

/ 

Full-size keyboard with 
integrated pointing device

E&~a 
Front-loading MultiBay allows you " to mix and match these devices: 

• Floppy drive (standard) 

• QuadSpeed CD-ROM drive ($389*) TH E COMPAQ LTE 5000 

• Optional 2nd hard drive - up to l .35GB 

• Optional 2nd battery 

AND Now, IT CAN BE YOURS 


FOR ]UST $ 2 '8 9 9.* 

We figured you'd expect the Compaq®LTE 5000 to come MultiBay;''and the LTE 5000 is as flexible as you are - no 

complete with a pm-verful Pentium "' processor, SMB RAM , matte r where you take it. 

a 10.4" co lor dual sca n display and two PC M C IA slots. Then, whenever you need it , you can add the optional 

Standard. So ·what makes this notebook so exceptional ? MultiBay Expa nsion Base, w ith integrated Ethernet. You'll 

Well , the LTE 5000 is comple tely modular, so you get two more Multi Bays - fo r additional modular devices, 

can mix and match capabilities however you like. You and the ultimate mix of power and fl exibility. 

can add an optional QuadSpeed CD-ROM dri ve, an ex tra You'll find that the best th ing about the LTE 5000 is 

battery - or even an extra hard drive. Just plug your what you make of it. So ca ll one of the numbers below, 

choice of interchangeable cb ·ices into the front - load ing and make one yours today. 

1-800-888-6038 1-800-345-1518COMPAQ
WEEKDAYS 7-7, SAT. 9-l CST FOR THE NAME OF YOUR NEAREST 

ASK FOR OUR NEW FREE CATALOG COMPAQ AUTHORIZED RESELLERDirectPlus 

*All prices shown an: CornpJ C) Direct l' lus prices. }{.._•i-d lc r prices rn.1y \':t ry. O ther lll<M.l,·l:. ;\\',1 il ahlc: c;i ll f()r pricing. C.111 li.ir l<:.1~c prices. Lca~ i ng b pnwidcd !Or .i te rm of 36 months :md is subject to 
appro,"Ccl c red it and certain terms and conclit ion ~. Call !Or 1k·tails. H.ltter~· packs aml ccrt.1i11 option" Jre CO\l.:n·d hy a Orw-Yl·Jr \\/Jrram y. The LTE 5000 i:. CO\'Crc d by a T hree-Year \Vorklwidc Limited 
\\larrJnty. O flCr ~1nil.1ble in the U.S. on!~·· 1996 Cornp.1c1 Comput..:r Corpor.11io11 . :\ ll Higlus Hescr \"cd . Compaq .1rnl tlw Comp;l(I Logo Rcgisi...·rcd U.S. P.11cnt amt Tr.1dc mark Oflicc. DircctPlus is a 
regi ste red ~r\'in..· mark, LTE is a t"l·gistcrcd trad.·m.1rk Jnd Mult illay is a tra1lcmark of l.'ompMj Computer Corporat i<m. l' roducts. pr ices and program s arc subjl·ct to change withoul notice. Other 
products ar..: t r.1dcm arks o r rl·gistc rcd tradcm.1rks uf llw ir rc:.pcct ivt.: compa nies. l'c 11ti u111 and the lntcl ln ~idc logo a rc rcg i ~ l t.:n:rl trademark:. o f Intel Co rporation in the U.S. and other countries. 



Circle 223 on Inquiry Card. 

Introducing Rave Systems 

The Most Flexible, 

RAID-Capable 


SPARC™ Technology 

Available. 


Rave Systems offer the most innovative and 

flexible SPARC technology at economical prices. 


"Engine By Sun" means your Rave Systems is 
powered by an original Sun Microsystems 
motherboard. "Body By Rave" means you receive 
Rave's unique chassis design that integrates high 
quality, reliability and functionality. 

POWER Towerrr• • 45GB internal hard disk 

capacity 


• supports up to 10 internal 
devices 

• SPARCstation'M 5 or SPARC­
station'M 20 motherboard 

• single, dual and quad 
processors available 

• Solaris® l.x or 2.x operating 
system compatibility 

Optimal SPARC Technology for Today's Enterprise 

• 36GB internal hard disk POWER Rack™ 
capacity 

\ .... • supports up to 8 internal 
· \ ... .... ····· ··· ········· ·· ' devices 

"-:~ 1 · \l \1'fi11i / ~11 • SP~Cstation 5 or SPARC­..,~11c ': ' 1n: j
·~ .,, \,., ,,, '"J,H! I/ L. : s~at10n 20 motherboard 
'-' · • smgle, dual or quad 


processors available 

• Solaris® l.x or 2.x operating 

system compatibility 

Rave Computer Association, Inc. 
36960 Metro Court • Sterling Heights, MI 48312 

Fax: (810) 939-7431 •E-Mail: info@rave.com 

http://www.rave. net 
Sun1-800-966-7283 MARKETPLACE 

Reseller 

al World Wide Web Con( er­ site of ANT, Ltd. , an inde­
ence, held in 1994 in Gene­ pendent developer of net­

va, Switzerland, attendees working software fo r Acorn 
ofa session on virtual-real­ RISC computers. 

ity inter( aces to the Web 
agreed on the need for a The toll-free number we 
standardized language anal­ listed for PowerQuest on 
ogous to the Web's HTML; page 176 of the April issue 
they dubbed that la nguage was incorrect. The compa­
Virtual Reality Markup Lan­ ny's toll-free number is 
guage, or VRML. However, (800) 379-2566. 
as the VRML specification 
evolved, Markup was In "Web Publishing Made 
changed to Modeling to Easier" (December 1995), 
emphasize the graphical the features table should 
nature ofVRML. have indicated that InCon­

If you've happened to text Systems' Spider directly 
notice VRML defined as supports four fil e formats 
Virtua l Reality Markup Lan­ (ASC II, HTML, GIF, and 
guage recently in BYTE, it JPEG) and that a Web-page 
was an accidental archaism viewer, though not full y 
on our part. -Eds. integrated into the main 

program, is included in a 
bundled browser. 

FIXES 
The telephone number th at 

T he URL http://www.ant. we li sted for Pinnacle Micro 
co. uk, wh ich we listed on pages 150 and 151 of th e 
under Acorn Computer's May issue was inco rrect. 
name in " Inside the Web The correct number is 
PC" (March), is actuall y the (714) 789-3000. 

COMING UP IN JULY 

COVER STORY: 


THE WEB TAKES ON OROUPWARE 

How do Web-based intra nets stack up against Notes and 

Exchange as groupware platforms? We examine the essen­
tials-standards, security, replication, applications develop­

ment, object storehouses, and the messaging models. 

SPECIAL REPORT: 


WINDOWS NT 4.0 

BYTE analyzes what's new in NT 4.0, how to smooth the 

migration from NetWare to NT, and how to build effective 
NT applications servers. 

WEB-SITE BUILDERS 
Netscape and Microsoft are dueling for mind and market 

share in the Web-site arena. The weapons of choice are 


Microsoft's FrontPage and Netscape's LiveWire. We 

test both. 


BORLAND C++ 5.0 
Borland's long-awaited upgrade of its C++ compiler features 

16- and 32-bit targeting, as well as Java support. BYTE tests 

the redesigned development environment and benchmarks 


it against the competition from MetaWare, Microsoft, 

Symantec, and Watcom. 
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EVERY 33 SECONDS, 

SOMEONE Buys A COPY OF 

QEMM® OR MAGNARAM: 


HERE'S WHY: 

It's simple. No matter how much you spend on Windows 95 and Windows 3.1. QEMM's Resource 
memory for your system, you can't do what you Manager controls Windows 3.l's User and GDI 
want unless that memory is managed properly. resources intelligently to allow you to load more 
So no matter which operating environment you use programs at once. 
- Windows 95, Windows 3.1, or DOS-QEMM 8 And QEMM's conventional memory management 
gives you the 32-bit memory management you deftly moves parts of the operating system out of the 
need. QEMM is the powerful, painless way to man­ way, along with memory-eating TSRs and drivers, 
age your memory. giving you up to 634K of precious conventional 
QEMM lets you run more programs simultaneously, memory. All this gives you more memory for your 
without those dreaded "out of memory" messages. operating environment, your applications, and, when 
QEMM's memory multiplier, MagnaRAM (also the work is done, for your games. QEMM and 
available separately), uses memory compression to MagnaRAM are the results of Quarterdeck's 10 years 
increase the amount of memory available in of leading-edge memory management research. 

"QEMM takes memory management to a new level." 
PC MAGAZINE, FEBRUARY 6, 1996 

" ...MagnaRAM 2 is the first and only utility to successfully tackle 
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News & Views 

Pentium Pro Moves to the Desktop 

With Pent ium competition increa6ing, Intel i6 now preparing to make it6 


Pentium Pro TH£ de6ktop PC proceMor by later 99 7. 


ow that the Pentium mi­
croprocesso r faces com­
petition-at the high end 
and th e low end-fro m 
Cy ri x and AMD's lat est 

x86 -compat ibl e p rocessors, Intel is 
reportedly preparing new low-cost desk­
top versions of its Pentium Pro. Sources 
say Intel hopes the new Pentium Pros, 
code-named Klamath and Desc hutes, 
will do what previous Intel chips, such as 
th e 386SX and 75-MHz Pentium, did to 
th e 286 and clock-enhanced 486 pro ­
cessors: bu ry the previous generati on. 

AMD's 75-and 90-MHz Pentium equiv­
alents, the 5K86-P75 and 5K86-P90 ($75 
and $99 each, respectively), offer low­
costalte rnativesto Intel's 75 -and 90-MHz 
Pentiums ($106 and $198 each, prior to 
Intel price cuts expected at th e end of 
April). In addition, AMD says it will roll 
out 120-, 133-, and 150-MHz Pentium 
equivalents throughout the year. AMD's 
first Pentium Pro competitor, the K6, will 
arrive in the fi rst quarter of 1997. 

M eanwhil e, tests show Cyrix's 6x86 is 
a worthy high-end Pentium competitor 
(see the W hat's New H ardware Preview 
on page 220). Cyrix says its next 6x86, 
du e this summer, will run at 150 MHz, 
have a 75-MHz (instead of a 66-MHz) 

Four Paths to a Less Expensive Pentium Pro 
The Pentium Pro is an expensive desktop processor. For example, as of April 15, a 200­

MHz Pentium Pro with a 256-KB cache costs $1018. Here are several ways in which Intel 
might make the Pentium Pro a better desktop processor. 

Burn the Cache: A Pentium Pro processor 
(code-named Kl amath) due in la te 1996 or 
ea rly 1997 reportedly eliminates the inte­
gra ted secondary cache. Intel might compen­
sate for the missing secondary cach e by in­
creasing thesize of theLl cache. 

Shrink the Die: The Deschutes (due in mid­
1997 or later), a Pentium Pro successor to the 
Kl amath, could be built on a 0.25-micron 
(instead of0.35-micron) process,which would 
result in asmall er die size. Smaller die sizes 

memory bus, and outperform Intel's 200­
MHz Pentium, whi ch may ship in th e 
third quarter of this year. And Cyr ix says 
its M2 processor, slated fo r end-of-1996 
ar rival, will outperform the 200-MHz 
Pentium Pro. "We're at the beginning of 
the transition to sixth-generation proces­
sors," says Bill Blagdan, marketing direc­
tor fo r desktop processors at Cyrix. 

H owever, Intel needs to overcome sev­
eral challenges before the Pentium Pro 
can make the transition to mass-market 
desktop PCs. Currently the Pentium Pro 

allow Intel to harvest more chips per wafer. 

Cut System Prices: New PCI chip sets, such as 
lntel's440-FX, allow less-expensive PC designs. 

Improve 16-bit Performance: As long as the 
Pentium delivers a better 16-bit or mixed 16-/ 
32-bit price/performance ratio, most Windows 
users will choose it over the Pentium Pro. Intel 
could tweak the Pentium Pro to improve 16­
bit performance, or the Pentium Pro might run 
fast enough to render th is issue moot. 

is too expensive and doesn't excel at exe­
cuting 16-bit code or the mixed 16- and 
32-bit code found in Win 3.x and Win 95 . 
Intel declined to provide details on future 
Pentium Pros, but sources say the com­
pany will modify the Pentium Pro in 
several ways (see the chart above). 

PC vendors hope Intel's anticipated 
modificati ons will help them sell more 
Pe ntium Pro-base d desktop systems. 
"Enhancing support for 16-bit code and 
ma king the Pentium Pro more price ­
attractive would help stimulate demand 

- . - • Never click on a little pi symbol in the ~ Top 10 Uses for Free AOL Disks 
lower right corner of a Web page unless geek my&tique " 1. CoasterKevorkian's line is busy and you're in a hurry 

2. Jimmy doors open without damaging (The Net). 
-'Tr Computer Lessons from credit cards 

• Don't forget to include an "off" switchI \; the Movies 3. Wedge legs on wobbly tables 
when designing invulnerable machine-gun­

4. Bathtub plug • Never connect air traffic- or missile-con­ toting robots with a homicidal-psychopath­
trol computers to a modem (WarGames, 5. A stack of five makes a great doorstop brain-based OS-no, we don't mean DOS 
Sneakers). 6. Scrape gum off sneakers(Robocop 2). 
•Never create killer slice-'n'-dice robots that 7. Keep shirt pocket flat when ironing•Never implant explosive flash memory chips
look and act exactly like real people (Scream­ 8. Include in next chain letter directly into your own brain; go with a hard 
ers, Blade Runner, Terminator). 9. Back up that JCT 10-MB drive drive (Johnny Mnemonic). 

10. Bookmark in Sex for Dummies 

2 6 BYTE JU NE 1996 



and clearly position the Pentium Pro as the 
next-generation processor," says Paul Col­
la£, desktop -line marketing manager at 
Gateway 2000. "You can't increase vol­
umes unless you address the mainstream's 
need." 

Until that happens, however, the Pen­
tium will remain king of the x86 desktop 
world. And, thanks to healthy competi­
tion, PC buyers will find plenty of Pentium 
PC bargains. 

-Tom R. Halfhill and Dave Andrews 

ActiveX Chases 
Java 
Sun M icrosystems' Java is gaining popu­
larity among Web publishers and has an 
early lead over Microsoft's new ActiveX. 
But deve lopers say both techno logies, 
though imperfect, are promising and 
shou ld be carefully mon itored. ActiveX 
is an umbre ll a term for a set of new 
technologies, incl uding the Winlnet AP!s 
(wh ich are wrappers for HTTP, FTP, go­
pher, andother Internet standards) and 
ActiveX controls. 

ActiveX controls encapsu late the Win­
Inet AP!s. Programmers can wr ite to 

these contro ls using Visua l Basic, Bor­
land 's Delph i, and other programming 
languages. Act iveX began life as OLE 
Controls, or OCXes. But Microsoft has re­
christened OLE as a standard for linking 
Component Object Model (COM) objects 
across the Internet. 

Beginning with Internet Exp lorer 3.0 
(Microsoft's Web browser for Windows 
95, which is slated to ship by midyear, with 
the Mac version to fo llow later this year) 
and Internet Information Server (IIS) 2.0 
(Microsoft's Web server), ActiveX will 
be used to transfer active data across the 
Internet and intranets. The ActiveX Serv­
er Framework, which is based on IIS inte­
grated wi th Windows NT Server, enables 
Web developers to write to the Microsoft 
BackOffice fam ily, which includes Micro­
soft SQL Server. 

One troublesome aspect of ActiveX is 
that several components aren't yet ready. 
Visual Basic Script, a Visual Basic-li ke lan­
guage for automating objects, hadn't 
entered beta testing as of April. M icro­
soft's Internet Contro l Pack, w hich has 
several ActiveX controls for implement­
ing HTTP, FTP, e-mail, and other Internet 
technologies into an application, wasn't 
slated to sh ip until the third quarter, nor 

were the tools for creating other ActiveX 
controls. And support for OLE on the 
Macintosh remains elusive. 

Some members of the object-oriented 
community react to ActiveX with pes­
simism. "Wit h ActiveX, nothing has 
changed except the name: It's still COM 
and OLE," says Chris Stone, president of 
the Object Management Group (OMG, 
Framingham, MA). OMG's own Common 
Object Request Broker Arc h itecture 
(CORBA) and its object request brokers 
(ORBs) are already alive and well in such 
systems as DEC's ObjectBroker, Hewlett­
Packard 's 0 RB+, and IBM's System Object 
Model (SOM). The OMG has also adopt­
ed an interface that fosters bidirectional 
communica t ion between CORBA and 
COM, allowing both object models to exist 
in the same environment. 

SunSoft and OMG have come up with 
a standard for Java app lets to connect 
wi th CORBA app lications: Java Objects 
Everywhere (JOE). Java applets that can 
work with a CORBA ORB (known as ORB­
lets) will be compiled with the OMG's In­
terface Definition Language compiler. 
Iona Technologies, Postmodern Comput­
ing, and SunSoft are all working on such 
compilers. This development might be just 
the boost Java needs to become a major 
tool in the Web-page developers' toolbox. 

Sti ll , all is not perfect with Java, either. 
Kevin Hsu, software engineering manag­
er at Web development company Proxima 
(Vienna, VA), says "Java is nice, but it's dog 
slow due to its interpreted nature." Just­
in -time compilers that compi le interpret­
ed Java applications downloaded by a user 
will help, but Hsu notes that Netscape and 
Microsoft browsers don't yet have such 
compilers built in. 

Another problem is the possibility of 
Java security holes. O ne group, the NASA 
Automated Systems Internet Response 
Capability (NASIRC), says that Java is inse­
cure by its very nature. By running on-line 
programs, such as those that Java and 
ActiveX enab le, client systems cannot 
check for those programs' compliance 
with local security requirements. 

That's in the short run. In the long run, 
CORBA's use of proxies and other secu­
rity features could make JOE applets safe. 
Microsoft says its security measures will 
also make ActiveX safe. For now, though, 
Java and JOE, security risks and all , are 
the only real interactive, distributed-ob­
ject Web languages. ActiveX probably 
won't have any real impact unti l the fourth 
quarter. -Steven]. Vaughan-Nicho ls 

Microsoft has rebounded strongly from a 
slow initial start in recognizing the impor­
tance of the Internet. 

Yeah, but the commercial toolkits for 
writing ActiveX cont rols, and Microsoft's 
Internet Control Pack, aren't due until the 
third quarter of this year. The new Windows 
version of Microsoft's ActiveX-enabled 
Internet Explorer 3.0 is slated to ship soon, 
but IE 3.0 for the Mac isn't slated to ship 
unt il the second half of the year. 

Microsoft is not as Windows-centric as it 
was a year ago. 

Yeah, but where's Microsoft's Unix Web 
server or browser? At press time, Microsoft 
was in the process of porting the Internet 
Services API to other, non-Microsoft Web 
servers for NT, but no time frame was giv­
en as to when that will be fin ished. Ditto 
support for ISAPI on Unix. 

The message that programmers should 
stick with whatthey know (e.g.,Visual Basic 
and Windows) and let Microsoft make it 
run on the Internet-is powerful. 

Yeah, but Java is here now, with lots of 
toolkits fro!" multiple vendors. Microsoft 
has a good story for Windows- based com­
panies, but it has a lot ofwork to do to sup­
port the multi platform enterprise. 
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What makes us such a 

popular destination? 

Well, unlike the average 

PC company, Dell®special izes 

in doing business with large organ izations . 

Which means we take a different approach to 

helping you manage Information Technology. 

To begin with, we custom-bui ld our PCs 

in ISO 9002 cert ified facilities. Th en we 

certify them for most major network operating 

systems. And to help you manage the whole 

process. we have loca l account execut ives 

and system engineers across the country who 

can service all your needs. 

We can even lower the lifetime costs of 

owning a PC. So call us; we have a model 

that can show you how much your company 

can save with Dell and OptiPlex™PCs. 

Approximately how much savings are 

we talking about? 

Well, let's just put it this way: you may 

never fly coach again. 

li1l1l;lifoll@iI 
800-873-1450 
http://www.dell.com/ 
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Tool Makers 
Take It 
to the Net 
New components from Centra Software, 
Microsoft, Spyglass, and others provide 
Web-browser functions and lower-level 
Internet access that developers can inte­
grate di rec tl y into th eir app licati ons. 

"You shouldn't have to leave an appli­
ca ti on to access the Web," says Danjohn­
son, product m anager a t Sp yg lass. 
"We've never viewed a browser as a prod­
uct." Developers can apply tools from the 
three vendors mentioned above to imple­
ment fea tures such as Web-res id ent 
dynamic help files, Internet-based soft­
ware di stribution and registration, and 
built-in browsers aimed only at se lected 
sites. 

Microsoft (Redmond, WA, (206) 882­
8080; www.microsoft.com) offe rs two 
paths to the Web, both Win32-only. First, 
its Intern et Contro l Pack provides Web­
access components (e.g., a browser and 
th e FTP, POP3, and NNT P protoco ls) 
packaged as ActiveX Controls. Second, 
its ActiveX Development Kit, formerly 
known as Sweeper, covers an a rray of 
lower-level techn o logies. Chief among 
these are extensions to the Win32 AP! that 
offer access to the HTTP, gopher, and FTP 
protocols, and a new Persistent Cache AP! 
for storing information from intermit­
tent sources. An OLE-based techn ology 
ca lled URL Monikers all ows containers 
to bind asy nchrono usly to o bj ects via 
their URLs. 

M icrosoft's two paths are currentl y 
separate; controls in the ICP don ' t run 
on top of the Win32 extensions. Micro­
soft pl ans to merge the two with an up­
date to ICP by the end of this year. Mac 
versions of these products should be 
available in the same time fram e. MFCs 
that further abs tract these extensions 
shou ld ship in the third quarter. 

The new Web Technology Kit from 
Spyglass (Naperville, IL, (708) 505-1010; 
www.spyglass.com) provides a full set of 
components for building a browser; its 
modules are arranged into Media Vi ew­
ers (e.g. , HTML o r Java), protocols (e.g., 
HTTP), and various utilities. In contrast 
to Microsoft's current offerings, the Web 
Technology Ki tis undiscriminating ofOS 

o r component tec hnol ogy. It runs on 
Windows, the Mac OS, and Unix plat­
fo rms; in addition, Spyglass licenses the 
kit to QNX Software Systems (Kana ta, 
Ontario, Canada, (613) 591 -0931; www 
.qnx.com) and expects to see small-foot­
print kit components running in set-top 
boxes. 

Each module is ava il ab le as both an 
0 LE server and an OpenDoc component 
and is accessible through a Spyglass AP!. 
Spyglass's HTML module can act as a con­
tainer as well as a control, and the com­
pany promises supp orr fo r all Web en­
titi es, including ActiveX controls and 
NetScape plug-ins. 

Spyg lass's techn o logy fits OEM cus­
tomers only, with current licensing agree­
ments starring at J0,000 units. Centra 
Software (Cambridge, MA, (617) 547­
6300; www.centra.net) offers a more 
accessib le option with its Centra Inter­
net Classes, o r CI Cs, a C+ +class library 
bui lt on MFC. Cl Cs' multithreaded li­
brary abstracts Interne t protocols and 
implements a shareable document cache. 
Centra says a port to the Mac OS is under 
way (although no release tim etable has 
bee n set) ; th e current release runs only 
under Windows. 

Centra, like Spyglass , targe ts com­
mercial programmers deve loping games 
or emerrainment applications more than 

' . 

It targets corpora te dev elopers. "Our 
approach is to provide an Internet solu­
tion right out of the box," says Leon Nav­
1ckas, Centra's president and CEO. "This 
way the end user doesn't have to hunt for 
a Web browser. " 

Other vendors also provide options 
that aren't browser specific. Mac devel­
opers can turn to Apple's (Cupertino, CA, 
(408) 996-1010; http: //cyberdog.apple 
.com) Cyberdog. As a set of Intern et 
OpenDoc parts, the sti ll-beta Cyberdog 
ca n provide FTP, go pher, NNTP, and 
HTML access to any OpenDoc applica­
tion. The modules that constitute Cyber­
dog can also be swapped in and out to, 
say, add support for new protocols. Also, 
the W3C (www.w3.org) maintains its 
own freely distributed C library (the W3C 
Reference Library) , which can be built 
under Windows, on the Mac, and under 
most varieties of Unix . 

Another option for developers wish­
ing to implement browser-specific Inter­
net access in their applications comes 
from such compan ies as Sax Software 
(Euge n e , OR, (54 1) 344-2235; www 
.saxsoft.com), which offers Sax Webster 
control, a Web browser built as a 16­
and 32-bit OLE Control. Whatever sce­
nario you choose, the number of options 
is increasi ng on a daily bas is. 

-Steve Apiki 

l 

Bug o~ the :Month 


A Better UAE Than GPF ... 

Windows 95 users may be shocked to learn 
that, Yes, Virginia, there is a System Crash. 
It's not too difficult to cause one, either, as 
one BYTE editor discovered when attempt­
ing to dial up the Microsoft Network using 
Internet Explorer 2.0. 

The bug shown in the screen shot at 
right occurs at odd times under Win 95 with 
the Plus pack when the editor is attached 
to the BYTE LAN or attempts to dial the 
Microsoft Network access number in Nash­
ua, New Hampshire. At press time, we fol­
lowed the advice of the generic error mes­
sage and were attempting to determine the 
bug's cause with help from Microsoft. 

Tm pr<JgtDm has Retfo1med an ilepalopetatlon 
lltldwilbesh.it down. 

If the problem perm1$, CtJnl&ct th& ~ogram

""""'· 
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4fxlWilbe:IM.dotM'l. 

If the probkm peuistt, eonll!ci !he prOIJlam 
vendof. 

BXPLOH~ Cll.UHd aii invalid P•Vt hul.t in 
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Please send e-mail about your favorite bug 
to edejesus@bix.com. 

Send your&! 
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Cool Fus ion, for video, animation, 
and sound. For now, CoolFusion is 
a codec-independent Netscape 2 
plug-in. But the real fun begins this 
summer when Iterated releases its 
ClearVideo video-compression driv­
ers. Iterated claims ClearVideo will 
compress video to data rates as low 
as 1.25 KBps (up to about 64 KBps). 

Portable Devices 
Highlight Best of CeBIT 

er and off-lin e read er p ro ­
vides a panoramic view of 

111.-llliiijiiiiiiiiiijiiiiiijiiiii-•\\ Web sites and enables you 
BIT awa rd s. Th e aw a rd s 
recogni ze im porta nt and 
in n ova t ive new products 
shown at the annual interna­
ti o nal techno logy ex pos iti o n 
he ld in Hann over, Germany. T he 
No kia 9 000 , a GS M-stand a rd ph o ne 
fr o m N o ki a M obi le Pho nes (+358 10 
505 'J ; www.n o kia.co m) w o n Bes t o f 
Show and Best Commu nications H ard­
ware fo r its integration of personal-orga­
nizer appli cati ons and communicatio ns 
(e .g., fax, e-mail, and Web brows ing). 
The Pi lo t, a 5.5-ounce personal o rganiz­
e r w ith bu il t- in PC co nn ect ivity, fr o m 
Palm Computi ng ((800) 881-7256; www 
.usr. com), won Best Po rtabl e. 

Best Techno logy winner was the Cyrix 
6x86 , from Cyri x ((2'14) 968-8388; www 
.cyri x.com) and manufacturing partner 
IBM. Although Cyrix's six th-generation 
Pl 66+ ac tua lly runs at 133 MHz, it deliv­
ers equ iva lent o r better pe rfo rmance on 
most app licati ons than a 166-MHz Pen­
tium processor. 

Compaq Computer 's ((800) 888-5858; 
www.compaq .co m) 166-MJ-I z Penrium­
based Deskpro won Best System, thanks 
to its 120-M Bfl oppy d rive, optional scan­
ner key board, and o t her fea tures. Best 
Perip hera l was Tektronix's ((800) 835 ­
6100; www.tek .co m/co lo r_printe rs) 
Phaser 550, a 1200- by 1200-do t-per-inch 
co lo r laser printer. 

Visual Web, fro m Innovative Software 
( + 49 211903130; www. isg.de) wo n Best 
Internet Product. Available now fo r Wi n­
d ows 95 and NT and OS/2 Warp (and , 

Compression may relieve the de- 1 .~uture watch ._____________________________________________....mands on Internet bandwidth. 

Tired of waiting for porky Web pages 
to load? Web pages consisting of 
mostly text can compress on the 
server end and decompress on your 
machine. Such a compressed page 
can be half the size of the original, 
which reduces transfer time. Look for 

competition among decompression 
"viewers" using standard squish­
meister formats, such as ZIP and 
Stufflt. 

These products are fine for text, 
but what about slow-motion GIF and 
JPEG graphics? Iterated Systems 

to down load pages fo r o ff­
1i ne browsing. Best Com­
municati ons Software win­

ner was RVS-COM, a sui te o f 
progra ms fo r ISON co n n ec ­

ti vity from RVS Datentechnik ( +49 
89 357 '1 57 O; www.rvscom.com) . 

An unusual six-way t ie fo r Best Mu l­
t imedia H ardware went to co mpani es 
th a t re leased 2- 0 /3-D grap hi cs-acce l­
e ra tor ca rds base d o n S3's ViRGe .!, ip, 
which accelerates 3-0 DOS and Windows 
(inc luding t he fo rth co min g D irect3 D) 
app licati o ns. T he six co mpa nies, Dia­
m o nd M u lt im edi a, Elsa, H e rc u le s, 
Number Ni ne Vi sual Techno logies, Or­
chid (a Micro nics co mpa ny), and STB 
Systems, expect to release these boa rds 
fo r about $250. 

Best Mu ltimedia Software win ner was 
Data Pat h ' s ( + 49 6071 963 0 O; www 
.rea lim ati o n .co m) Rea li mat io n. T h is 
Wind o ws-base d env ironm ent enables 
yo u to create virtual worlds and interac­
ti ve 3-0 mu ltimedia prese ntations. T he 
awa rd fo r Best Application went to Sta r 
Di visio n 's (+49 40 23 646 810 ; www 
. sta rd iv.de) Sta rOffice, a mu ltip lat fo rm 
o ffi ce suite fo r Wi ndows, 05/2, Powe r 
M acs, and Un ix . 

Best Deve lopment So ftware w inner 
w as th e Com Un ity Open Tec hn o logy 
Framework from Siemens N ixdorf ( + 49 
525] 810585; w w w.s ie m ens- ni x d o rf 
.com) . ComUnity, a development envi­
ronment fo r M icrosoft's Visual Basic 4. 0, 
prov ides a framework for bui ld ing la rge­
scale cl ient/server applicati ons. 

already uses its patented fractal­
compression technology to deflate 
Web graphics. Fractal lmager com­
presses an image. A free viewer is 
available for downloading from www 
.iterated.com/fracview/download/fv­
loadp.htm. 

Best of Cebit Fina\ists 

Systems: UPKE 2626, a mult imedia PC from 
UPKESystems(+33 153831313 ;www.upke 
.com) . Gateway 2000's ((800) 270-3094; 
www.gw2k.com) G6-200 Pro fessional Plu s. 

Portables: Toshiba's ((800) 999-4273; 
www.toshiba.com) Tecra 720CDT. Digital 
Eq ui pment's ((800) 344-4825; www.pc 
.d igital.com) HiNote Ul tra II. 

Internet Products: MicroTouch's ((888) 932­
7828; www.microtouch.com) Prospector. 
Iterated Systems' ( +44 1734 880 261; www 
.iterated.com) Fractal lmager. 

Peripherals: Vierte Art's (+49 89 141 71 51; 
www.vierte-art.com) X- lst Facial Expression 
Tracker. SCM Microsystems' (+49 8441896 0; 
www.scmmicro.com) SwapSmart. 

Communications Hardware: AVM Com­
putersysteme's (+49 30 399 76 O; www.avm 
.com) Mob ile ISDN-Contro ller M2. Xy lan's 
((818) 880-3500; www.xylan.com) Pizza 
Swi tch. 

Communications Software: Aries Austra lia's 
(+619221 9393; www.aries.com.au/) Phone­
Control. Media Phonics' (fax: +4138469601; 
sa les@med iaphon ics.ch) Easycom 1.5. 

Multimedia Hardware: Fast Multimed ia's 
(+49 89 502060; http://fast-mult imedia.com) 
AV Master. Virtuality's (+44 11 6 233 7000; 
www.virtuality.com) Elysium Ultrasca ler. 

Multimedia Software: NetPresenter's (+31 
464 370 886; www.eureka.nl/netpresenter) 
NetPresenter 2.0. Perspectix's (+41 1 257 
4569; www.ifi.unizh.ch/sp in-off/perceptix 
.html) Perweb+ Web browser . 

Applications : NewLog's (+33 153 26 46 04; 
74434.126@compuserve.com) Open Back­
up 3.0. Siemens Nixdorf's (+49 89 6 36 5 32 
04; www.siemens-nixdorf.com) SmartAssist. 

Development Software: Oberon Microsys­
tems' (+41 14451751; www.oberon.ch/ 
customers/omi) Direct-to-COM compi ler. 
Aladd in's (+972 3 5375795; www.aks.com) 
HOPE, which offers granular version control. 

Iterated Systems is also address­
ing Web-based multimedia with its 
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Windows® 95 andWi~r1dows NTWorkstation 

put the power of a server on your PC. 


New Back-UPS®Pro™ will keep it there... 


SURGEARREST™ & BACK- UPS® & SMART-UPS® & MATRIX-UPS™ & 

PROTECTNET™ B ACK-UP S ® PRO SMART-UPS® VIS ACCESSORIES 


AC and datali11e surge UPS for PC and Manageable UPS for Mod11/ar V I'S for clie11t/ 
suppressors. adllanced workstations servers and networks server datace11ters 

STARTING AT $19 STARTING AT $119 STARTING AT $299 STARTING AT $3499 

If you're about to in vest in a new 
multi-tasking operating system 
li ke Windows 95 or Windows NT 

-~ -~ 

You get safe automatic shutdown 
(whet.her )'Ou 're there or not), power 
event recording for power quality 
analysis, real-time display of UPS status, 
and certified \Y/indozvs 95 l'l11g & l'lay 
compatibility fo r easy installation. 

Protect aga inst the inevitable power hit with 
new Back-UPS Pro, the one and onl y UPS "Designed 
for Windows 95". Au tomatic Voltage Regulation 
(A YR ) provides the edge you need for ful l protection 
aga inst ex tended brownouts or overvolrages witho ut 
dra ining the battery, while Cel!Guard'" intelligent 
battery management ex tends battery life with fas t 
recharge and deep discharge protection. The un its 
even include built-in lOBase-T network cable/phone 
line surge protection for a bu lletproof res ponse to 

anythi ng Mother Nature or Murphy's Law may send 
in your direction. Plus they' re even backed by an up 
to $25,000 guara ntee aga inst surge damage to your 
equipment (see detai ls). 

All in all, you can't make a bad choice when 
yo u choose the company that protects more PC's 
rhan all other UPS vendors combined: APC. 

For 6 minutes ofruntime on a typical 486, 
choose BU Pro 280PN P. For Pentiums or more 
runtime, choose the BU Pro 420PN P or 650PN P. 
Call for a Free dem o Disk, 60-page cata log, or 
visit our PowerPage'" at http://www.apcc.com 

® 

AMERICAN POWER CONVERSION 

800-800-4APC 
Dept A2 

401-788-2797 fax I 800-347-FAXX PowerFax· 

132 Fairgrounds Rd., \YI. Kingston RI 02892 USA 

Circ le 70 on Inquiry C ard. 

http:http://www.apcc.com


It looks like client/server applications 

are about to heat up dramatically. 

That's because PowerBuilder'" 5.0 has 

arrived. So you can bui ld li ghtning-fast, 

mult i-t ier applications that deploy on any 

plat fo rm and access data anywhere. And 

Check us out at 

http://www. 

powersoft.com 

and you may w in 

free products or 

other great prizes. 

that means now there's no thing standing 

between you and scalable, business-critical 

client/ server so lutions. 

But there's more to PowerBuilder 5.0 

than comp iled code, d istributed obj ec ts 

and multi -p latfo rm fl exibili ty. Because 

http:powersoft.com
http://www


Power Builder 5.0 was engineered for 32-bit Windows" 95 need to build scorching-hot diem/ server applications. 

and also provides powerful Internet extensions, extended And now, Powe rBuilder 5.0 is availabl e in th ree 

OLE 2.0 support and scalable team development tools. ed itions: D esktop, Professional and Enterprise. To 

All-in-all, PowerBuilder 5.0 is the most powerful experience this leading-edge technology at one of our 

development environment on the market, 

Ii Powersoft. 
seminars, or to ge t more inforn1ation, a~ 

which makes it exactly the tool you call us at 1-800-3 95-3525. 

C ircle 68 on Inquiry C ard . 



NT Notebooks 
Get Plug and 
Play-Sort of 
Notebook vendor Digital Equipment is 
adding limited support for Plug and 
Play-like functi onality to its Wind ows 
NT no tebooks to please businesses that 
want NT on all their desktop and portable 
PCs. Although Digital ((800) 344-48 25) 
cautions that it isn' t doing a full imple ­
mentation of the Plug and Play standard 
for Windows NT, the co mpany is look­
ing to add certain capabilities to its lat­
est crop o f no tebooks, including the Hi­
Note Ultra IL 

" I think th ere are significant market 
d e m a nd s t o m a ke NT m o re m o bil e ­
friendly," says Steve Smith, product man­
ager fo r HiNote Ultra II (NT configura­
tions). Customers are increas ingly asking 
how well a portabl e system run s NT." 
Later this year, Digital hopes to make its 

NT notebooks capable of recogni zing 
when they're connected o r disconnect­
ed to a docking sta tion and ma ke th e 
appropriate adjustments. 

Components that Digital has control 
o ver, such as its own po rt repli cato r, 
docking station, mobile media module, 
and other components, will be support­
ed first. The co mpany may also support 
a few popular third-party network inter­
face ca rds (N! Cs), hard drives, and mo ­
dems, but this will be a greater challenge. 
" We can add Plug and Pl ay-like func­
ti o nality where we control bo th ends," 
says Smith. "H owever, it's harder when 
you don' t have access to the source fil es 
for the d rivers of other co mpani es' pe­
ripherals. " 

Digita l's efforts in this a rea illu strate 
the growing importance of NT in the cor­
po rate des ktop a rena. With Microsoft 
saying Plug and Play won't be introduced 
to NT until the version code-named Cairo 
ships later this decade, notebook vendors 
will need to ro ll the ir own so lutio ns to 

make NT a better notebook citizen. 

r--------------------------,

I Survey I 

What Java Developers Want 

Vital Statistics: Java Developers 
Is Java used in your workplace? 

~~s '. \ l I J l I 
0 10 ~ ~ ~ ~ 

79 responses 

What's your Java experience? 

Advanced ELI
! I
Intermediate , 
Beginner , , 
None , , , 

0 10 20 30 

77 responses 
Source: BYTE survey 

Java deve lopers want sample code. Based on 
responses we col lected from asu rvey of visitors 
to BYrE's Web site (www.byte.com), respondents 
are excited about new Java-related program­
ming opportun iti es, but they also need to in­
crease their Java expertise. When respondents 
were asked what they need to help improve their 
expertise, 50 of a total 173 responses (28 per­
cent) indicated a need for sampl e code from 
already-developed applets. Oth er respon ses 
in cluded training from vendors (12 percent). 
a guide to Web sites offering sa mpl e code (28 
percent), and on-line forums ( 19 percent) . 

Have you used Java? 

~:s ! I I I l I I I I I I 
0 10 20 30 40 50 60 

80 responses 

What opportunities does Java enable? 

Platform independence em I 
Interactivity 

Other (education. data access) , , 


0 10 20 

46 responses 
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Codetalk 

Real Classes for Visual Basic 

Visual Basic 4.0 added a touch of class to its 
environment, but the implementation was in­
complete. The raison d''1ltre of VB 4.0 classes 
was to serve as a framework for building OLE 
automation servers. Consequently, some 
class-like characteristics-most important, 
inheritance and polymorphism-were not built 
into VB 4.0 classes. 

Sheridan Software's ((516) 753-985)Class­
Assist adds inheritance and polymorphism in 
such a way that VB 4.0 is not aware that these 
additional capabilities have been inhised. For 
example, suppose I've declared a class Poly­
gon and I want to derive from it a subclass 

Rectangle. Rectangle can override Polygon's 
methods, but should Rectangle wish to explic­
itly call a Polygon method, it does so by using 
the syntax Polygo n_<methodna me>. Poly­
morphism is achieved through a clever nam­
ing convention applied to source code. 

However, more that just source code is in­
volved. ClassAssist keeps all classes in astruc­
tured library that can be shared across a net­
work. To perform any edits to a class, you must 
first check it out of the library; when you do so, 
you can optionally lock the class so that other 
users are barred from checking it out. 

ClassAssist's Class Explorer window is the 
gateway into the ClassAssist I DE, a structured 
collection of windows through which you cre­
ate and edit classes, their properties,and their 
methods. 

ClassAssist automatically generates the 
.CLS files that VB 4.0 uses and will importclass­
es into your VB 4.0 project at your command; 
it even keeps everything in synchronization.That 
is, if you edit aClassAssist-generated classfrom 
VB 4.0, ClassAssist sees the change and 
asks if you want to pass your edits on to the 
ClassAssist library. Bundled with ClassAssist 
are the WinAPI Oblets, a collection of objects 
crafted by in-process Dlls that encapsulate 
significant parts of the Windows AP!. Class­
Assist is well worth its $249 price. 

http:www.byte.com


You never give your HP printe r a second though t. You just know it's going to work. 

Now that same HP performa nce can be found in a line of PCs des igned specifically 

for the dema nds of small bus iness. The HP Vectra 500 PCs . They a rrive ready to work­

some armed with Microsoft'"' Office for Windows"' 95 Professional Edi t ion a nd Microsoft 

Publisher. And to ma ke ever ything a little more manageable, HP gives you free online 

Des ign ed for serv ice a nd suppor t. Dea lers include: Intelligent Electronics , 

: :::~=:a:· .... .,iii! Computerla nd , Da Lago, MicroAge, Ina com a nd CompUSA 
.::=~= ·- ...... iii!... ,,,,,,-_ . Corporate . For m ore info rmation , call 1-800-322-HPPC,
Microsoft ' 

Windows' 95 E>-.'t. 1557.' And see wha t a good family name can do for you. 


'In Canada. call l · B~J.387-3867 . · Average U.S. street price for Pentium' processor-based HP Vectra 510 5!15 PC. Monitor not included. HP Vectra 500 PCs come with Microsoft Windows 95 preinstalled. 
1 Standard on 133 and 166 MCx models, optional on all other models. :other capacities available. 3Standard on CD, MC and MCx rnodels.i~;\ultimedia models only. !Qn-site, second day business seivice. Mic1osoft 
and Windows are U.S. registered trademarks of Microsoft Coqior ation. Pentium and the Imel Inside logo arc U.S. registered t1ademarks of Intel Corpor auon © 1996 Hewlcu-Packard Company PPG429 

HP P Cs For Small Business 

FROM $1,269* 
Minitower or Desktop models: 

•Intel 75, 100, 120, 133, 150or166 MHz 

Pentium processor 

•8 or 16MB EDD Memo ry 

1128 MB max) 

•256 KB ca che memory' 

•64-bit PCI video 

• 1.6G hard dri ve ' 

•4X, BX or BX EIDE CD-ROM Drive ' 

•28.8 fax/data modem with 

telephone answering ma chine' 

•16-bit Soundblaster audio' 

•Hands-free headset with microphone' 

•1yea r on -site warranty' 

•1year free phone support for hard­

wa re,90 day free software support 

r//ffl HEWLE TT ® 
llU~ PACKARD 



.fate/lite· Satellite Prti 
When it comes IO /nke, /Jerfonnance and wl11e, nothing With Sare/lire Pro'" yo11 canget affordable CD-ROM 

comes close IO the Smellite®SLo·ies. These fearnre·ric/1 and /JOrtability in am11/rimedia notebook. Thisseries 
models mal<e it }!Ossiblefar evLO)'One IO have /!OwLo· and offers theadvanced feat11res and /JOwer 11s11all)' 

/Jerfomumce in an inex/Jensive 11me/xJOI<. fo11nd in rmiclr more e\jJensive machines. 

Satellite, Satellite Pro, Portege and Tecra. Quite possibly the best reasons there are for 

buying a portable computer. Four distinct Toshiba notebook lines assure that whatever 

P.~f!\iHQT your needs, there's one uniquely suited to you. Toshiba portables offer uncompromised 

©1996Toshiba America Information Systems. Inc. All products indicated by trademark symbols are trademarked and/or registered by their respective companies. 
Intel Inside and Pentium Processor Logos are trademarks of Intel Corporation. Product availability subject to change. 



PORTEGE. TEcnA~ 
The award-winning Ponege•Series defines high perfomiance Tecra'"embodies dieabsolute latest and greatest in portable 


in 11lrraporrable com/JtHers. At under five po11nds , these technology. With the fastest Pentium• processors and 

super-lightweight notebooks are txu:ked with features most innovative feamres on the marker , Teeranorebooks 


you'd only expect from full-size computers. are the 11/rimare in power and performance. 


quality, and are recognized by the computer industry for technical superiority. And, Toshiba has award-

winning customer service and support. That's why Toshiba sells more portables than anyone in the 

world. Need any more reasons? Call 1-800-457-7777 for more information or a dealer near you. 

In Touch with Tomorrow 

TOSHIBA 

Toshiba. The World's Best Selling Portable Computers. 

Circle 71 on Inquiry Card. 



How Java Can 

Pay the Rent 

Developers eyeing Java development as 
a modern-day gold rush need to careful­
ly weigh the pros and cons of marketing 
their wares. The anticipated avalanche 
of download-on-demand Java applets 

may or may not revolutionize software 
development and distribution, depend­
ing on whom you listen to . But answers 
are emerging about how app let-based 
applications will be best marketed so that 
Java developers can make money. 

Applicati ons development might be 
the first part of the industry to be trans­
formed by the Java model. Java propo­
nents say that teams of developers creat­

., ' ~ ' . )' : ' ' 

book review& 

AGosh-Wow Look at the Future 
By Rick Cook 

One thing about paradigms: Shift happens. 
And when you're up to your neck in shift of 
the paradigmatic variety, there's a strong 
desire to find someone to explain it all to you. 

The Digital Economy is one such attempt. 
It follows a long line of predecessors, includ­
ing Megatrends, Future Shock, The Green­
ing ofAmerica, and The Affluent Society, all 
written in times of societal stress in an effort 
to tell us where we're going. 

The author does yeoman work in pulling 
together the predictive threads about our 
common, digital future. The result is present­
ed in the requisite half-hopeful/ 

' ' c'.-1 

Using smart cards and databases rather than 
pieces of paper (e.g., checks, food stamps, 
and so on) to dispense benefits not only 
increases efficiency but could reduce crime, 
fraud, and abuse. 

Some of Tapscott's comments are just 
plain fatuous, notably those on the role of 
capital in the digital economy and open 
systems. He sees capital in his new world as 
key but fleeting, with capital goods over­
shadowed by corporate brain power as an 
asset. This will come as a bitter surprise to 
anyone who has tried to raise capital for one 
of the new information-age enterprises of 
the sort Tapscott admires. In fact, the diffi­
culty of obtaining capital investment is prob­

ably the biggest check on moving 
us into Tapscott's Digital Economy.half-hypeful, gosh-wow prose. 

Some of the topics merely hintDon Tapscott's book wins shelf 
at possibilities and don't follow space less for his brilliant insights 
them through, as in the discussionthan for his assiduous rounding 

j l"ADMl •ll: ... N O l"C"I L of Multi-user Object-Oriented up of the usual suspects. There is 
l

l H THlt ACIC 1:1 ,. 
NCTWD IUtl: D dungeons (MOOs), Multi-Uservery little in The Digital Economy 

! ll•ITl:LLIDl:NCI; 

1that's original, but there's a lot -- Dungeons (MUDs), and such in 
! ooH T•l'•CoTTI 

of collected thought about what 
our digital future will be like. The 
result is a smorgasbord of food forthought­
from the intellectual equivalent of Hostess 
Twinkies to that of haute cuisine. 

Yourjob as reader is to examine the goods 
and then pick and choose what you want on 
your plate. The quality of the predictions 
varies. For example, the office-supply auc­
tion described in chapter 6 is a policy won k's 
dream and a politician's nightmare. The idea 
of having sellers bidding for a contract simul­
taneously via an electronic network is also 
unlikely, because it ignores the way gov­
ernments use their purchasing power as a 
policy tool. 

However, another scenario, on the digi­
tal transfer and monitoring of government 
benefits, is not only insightful but probable. 

business. As Tapscott notes, MUDs, 
MOOs, and their ilk were devel­

oped as electronic movie sets for role-play­
ing games. 

However, his vision of their uses doesn't 
extend beyond a virtual-reality meeting 
room. In fact, they are already being em­
ployed in more sophisticated ways in train­
ing and troubleshooting, and some compa­
nies, such as Xerox, are looking at their use 
in employee socialization. 

I wouldn't recommend that anyone re­
structure his or her corporation or life based 
on Tapscott's analysis. But I would recom­
mend that you read this book carefully and 
with an open mind. 

Rick Cook keeps up with many future trends 

by reading science fiction. You can contact 
him at rcook @bix.com . 

ing huge, monolithic applicat ions will 
gradually give way to individual devel­
opers creating cooperating components 
that are downloaded by use rs as need­
ed. But one issue in this scenario is how 
well independently developed applets 
gathered fro m across the Web will coop­
erate as a single application. Poor-qual­
ity "crapp lets" that crash or perform 
poorly might discourage early adopters 
and drive them back to well-known com­
mercial software packages . 

The re putat io n of some Web-based 
software has withered as a result of the 
practice where every bug-fix release in­
cludes a host of new features- and often 
new bugs to go with them. With no sta­
ble version available, users feel like per­
petual beta testers. 

Bryce Wilcox, a Java consultant em­
ployed by DigiCash (Pa lo Alto, CA), a 
firm spec iali zi ng in secure elect ronic 
commerce, says that although depend­
ability and quality control will be issues 
for Java applets, these problems aren ' t 
new to th e software indu str y. "This 
would be a wise time for developers to 
start paying more attention to mainte­
nance issues," he observes. "We need to 
trade off development speed for depend­
abili ty and design software that upgrades 
gracefu lly." 

Deve lopers still debate whether the 
evo lu tion of th e Web as a dis tribution 
channel will have a profound impact on 
software marketing. Following today's 
shareware model, an individual could 
develop and market an applet indepen­
dently, eliminating the distributor. But 
adequate exposure remains the greatest 
hurdle. 

"The single most attractive fea ture of 
a Web site is traffic," says George Paoli­
ni , a spokesman fo r Sun Microsystems. 
"People want to go to a shopping mall. 
So, a distributor that sets up and adver­
tises a Web si te wi th a great variety of ap­
plets wi ll generate sales that an individ­
ual with a personal Web page couln 't. " 
However, the marketing model for sin­
gle applets that don't work closely with 
other app lications (e.g., a game as op­
posed to a spelling checker) might evolve 
di fferen tly and rese mble an " impulse 
rack" at a sup ermarket checkout line 
rather than a shopping mal l. 

"The latency between viewing a de­
scription of an applet on a Web site and 
downloading that applet is measured in 
seconds," says Wilcox. "And the elimi­
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c 0 M p u T N G w T H 0 u T L M T S'" 

Making your 486 run like a Pentium" doesn't take magic. 


It just takes a TurboChip '" and a little pocket change. 


Instantly, you will have 5 x 86 clock-quadrupled technology 


that will help your system nm three times faster. And the TurboChip has
-
all the power you need to run today's demanding software, whether 

you have a 486-based DX2, DX, SX2, or SX sys tem. So how does the 

TurboChip compare to Intel's OverDrive®? Not only does the TurboChip 

beat the OverDrive in price, compatibility, and warranty, but in 

a recent study* it also outperformed it . The TurboChip is designed 

with AMD's Am 5 x 86-P75 CPU and upgrades with most IBM-com­

patible desktop systems. And since the TurboChip is a chip-for-chip 

replacement upgrade, it's easy to install. Plus it preserves your system 

configuration. To try out a TurboChip vlfllJSton 
today, just call our ro ll-free number. J_~"fEcHNO~YCORPORATION 

For more informar i o n ca ll us at (BOO) 251-9059 =~ V isir our Web s ir e : http:// www.k in gsron.com/b. hcm 
SGS 

Circle 72 on Inquiry Card (RESELLERS: 73). 

Km. *Wintach test, Advanced Micro Devices, 1995. Kingston Technology Corporatioil, 17600 Ncwhopc Street, Founrnin Valle}'· CA 92708 USA, (714) 435-2600, Fax (714) 435-2699. © 1996 Kingston Tcchnology Corporation. 
~ AmSxB6-:P S A ll riglus reserved. Kingston is a rcgisrered tradem.irk rmd Computing Witho ut Lim its and TurboChip arc 1radi:marks of Kingsmn Technology Corporation. A ll other registered tradcnwrks rirc the property of cheir o wners. 
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nation of the overhead of packaging and 
retail distribution will make the cost of 
an applet minute." 

In addition to resolving the distribu­
tion question, developers must solve an 
equally important problem: getting paid. 
The traditional p ractice of charging a 
one-time fe e is a poor fit for the down­
load-on-demand world of Java applets. 
Alternate paradigms include paying per 
use and paying per elapsed time. Both 
require a system for billing micropay­
ments. 

Felix Kramer, marketing director at 
Clickshare (Williamstown, MA), anoth­
er company that's exploring the field of 
electronic commerce, sees this as one 
of the functions of the Web distributor. 
"People are going to deposit thei r ap­
plets at payware sites on the Web," he 
explains. "Other people will collect the 
fees for them and send them a monthly 
check." 

Kramer envisions a billing model for 
app let use based on data transferred, 
not on time used. Each download of an 
applet might cost a few cents or dollars 
but would allow the use ofan applet dur­
ing an entire session. The alternative, in 
which the applet might be equipped with 
a built-in exp ira ti o n timer, interrupt­
ing your application to demand anoth­
er nickel, is not as likely to occur. "The 
Internet is a state less system," Kramer 
says. "Time as a method of measurement 
will go away." 

The mechanics of deve lopment and 
distribution of Java applets as ide, some 
observers believe that in the long run, 
there may not be enough financial incen­
tive to lure many developers to go out 
on their own. IfJava becomes a popular 
language in the business community, 
you'll begin to see more ads in the clas­
sified section of your local newspaper 
searching for Java programmers who can 
develop intranet applications. 

It's unrealistic to expect th at a signif­
icant percentage ofJava developers will 
choose to make their living marketing 
applets independently, or even th rough 
distributors, according to Alex Newman, 
executive director of Sun User Group/ 
Java-SIG. "There are a lot of great C+ + 
coders out there, but they don't walk 
around se lling code," he says . "They 
go around looking for jobs. Knowing 
how to program in Java will be a resume 
item." -Robert:L. Hummel 
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DataPro Report 

IBM to Improve Enterprise Support 
in OS/2 Warp Server 

IBM hopes to improve upon an already-solid server OS by adding support for multiprocess­
ing as well as directory and security services to OS/2 Warp Server later this year. OS/2 Warp 
Server 4, released in late February, is the latest update of IBM's network OS (NOS). 

OS/2 Warp Server 4 combines the OS/2 Warp version 3 OS with OS/2 LAN Server 4.0. It 
supports multitasking for 16-and 32-bit applications and standards-based system man­
agement and enterprise connectivity through IBM's SystemView. Warp Server also features 
a built-in gateway for accessing Novell NetWare servers, provides applications-server 
capabilities and remote connection for NetWare clients, and permits single sign-on to OS/2 
Warp Server and NetWare servers alike. 

With OS/2 Warp Server, IBM addresses a broad clientele, ranging from small- and mid­
size businesses to organizational departments. Warp Server is especially well suited for work­
groups-particularly those that must be integrated into their organization's management 
systems and services-because ofits interoperability with Digital Equipment, Hewlett-Packard, 
and IBM enterprise-level systems and NetWare LANs. 

With its software distribution, license management, and remote access, OS/2 Warp Serv­
er shows strong potential as an applications server. However, despite excellent reported 
performance, OS/2 Warp Server lacks a key component: symmetric multiprocessing (SMP). 
Competing products, such as Windows NT Server, can already take advantage of multiple­
processor servers through SMP support. NetWare also has an SMP configuration option. IBM 
expects to have Warp Server SMP ready by the third quarter. Also not yet ready for prime 
time is Directory Security Services, IBM's global directory software, currently in beta test­
ing. DSS will let users access any connected OS/2 resource; provide a unified client view; offer 
Distributed Computing Services security; and let administrators maintain resources locally, 
remotely, or centrally. DSS will give Warp Server significant advantages over NT, which pro­
vides applications services but has no centralized directory, and NetWare, which has a direc­
tory but doesn 't include Warp Server's built-in software administration and performance 
monitoring. -Deborah Hess is a senior analyst at DataPro Information Services Group 
(Delran, NJ, (609) 764-0100), a division of The McGraw-Hi// Companies, Inc. 

OS/2 Warp Server 4 Windows NTServer3.51 

Target market 

Interface 

Clustering 

Server hardware 

Network management 

Networks 

LAN protocols 

Clients 

Small business/ 
departmental 

OS/2 Workplace Shell 

No 

x86 

SNMP, IBM 
SystemView, DMI 

Ethernet,Token Ring, 
PC-Net, FOOi, 
Asynchronous 
Transfer Mode (ATM) 

NetBEUI and Apple 
EtherTalk (client); 
NetBIOS; TCP/IP; 
IPX/SPX; 802.2 ; 
Named Pipes; AppleTalk 
and Unix/NFS via 
additional software 

DOS, OS/2, Win 3.x, 
Win 95, Win for 
Workgroups, Win NT 
client; AIX and Mac 
with additional software 

Departmental/enterprise 

Win 3.1 ; version 4 
will have Win 95 GUI 

Expected by 1997 

x86, PowerPC, Alpha, Mips 

SNMP, IBM NetView 
(via SNA Server) 

Ethernet, Token Ring, FOOi 

NetBIOS, NetBEUI, TCP/IP, 
IPX/SPX, SNMP, LU6.2, SMB, 
AppleTalk, XNS, DLC 

DOS, Win 3.x, 
Workgroups, Win 95, 
Win NT Workstation 

http:NTServer3.51


Watcom C/C++. 

Performance 


on any Platform. 


Watcom CIC++ accelerates 

development of lightning-

fas t , multi-pla tfo rm 16 

and 32 bit applications. 

Reliable , high-perfo rmance 

code generation and consistent C and C++ 

language imp lementation are delivered 

across all supported platforms, making it easy 

to develop applications fo r several targets 

from a common source code base. In a single 

package, Watcom CIC++ provides a compre­

hensive development environment with the 

tools, SDKs and libraries you need to create 

powerful applica tions fo r popular PC 

platfo rms including Windows®, OS/2® Warp, 

Windows®95, and Windows NT'". 

To find out more about 

Watcom C/ C++, call us at 1- 800-265-4555 


· or visit littp://www.powersoft.com 


IPowersoft 


http:littp://www.powersoft.com
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b i g In trod u c in g BayStac k. Because you do n't h ave to be b i g to need 

IOBase-T Hub. Up to JO segments and 260 ports IOOBase-T Hub. Grenter bandwidth to servers Ethernet ~Vorkgro11p Switch. Increased thro11gh­
i11 each mmwgcd stack. and high-power works tatio11s. put for existi11g JOBasc-T l..A Ns. 
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1 et w o r k t e c h n o Io g y. 

"bi] 
Access Node Router. Full protocol support nud 

high nvni/nbility for remote offices. 
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~ BayStack.. Big. sma 11. No matter what size 

your network, it has a lot riding on it. So to 

be certain it can handle the load, build it 

with BayStack. 

BayStack has it all: routing, switching, 

lOBase-T hubs, lOOBase-T hubs and network 

management-all in one stackable system, all 

based on open standards. You can put together 

exactly what you need, using the same technology 

we build into the world's l argest networks. 

It's the perfect way to build a robust network, 

because a ll BayStack products are scalab le, both 

within the stack and through high-speed uplinks. 

Plus BayStack has big-network reliability, 

with redundant links, Dial Back-up and 

redundant power. And with Optivity~ you can 

manage all the components as a single unit-

even remote sites . Even with optiona l RMON . 

And get this: it costs less than you'd 

expect . So call 1-800-8-BAYNET EXT. 27 

for a free BayStack video and brochure. 

Because when you build with BayStack, your 

network has th e potential to really take off. 

-
-~ ~ Bay Networks 
The Merged Company ofSynOptics and Wellfieet 

Circ le 75 on Inquiry Card . 

http:http://www.baynetworks.com
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cd-rom review 

Personal Guitar Tutor 

Learning how to play an instrument takes 
time and usually involves costly lessons. 
The eMedia Guitar Method CD-ROM is a 
remarkably helpful instruction program 
for beginning guitar students that's an 
order of magnitude ahead ofany book and 
that does th ings even a personal tutor 
can't do. The CD-ROM (availablefor Win­
dows now, with a Mac version slated to 
ship in June) gently leads you through a 
series of 60 comprehensive lessons, rang­
ing from stringing the guitar to playing 
chords, strumming styles, finger picking, 
and much more. 

The lessons are varied and self-paced 
and build on previous material. You learn 
how to replace a string; hold the guitar; 
learn the different sounds of an acoustic, 
steel, and electric guitar; and advance at 
your own pace. There are 30 full -motion 
instructional videos, 3 hours of audio that 
contains over 100 exercises and songs, and 
a dictionary that contains fingering charts 
and sound for more than 250 chords. 
Using your computer's microphone, you 
can record your playing and even tune 

The Bass Note Strum ~ EJ 

.,,.. 
The eMed ia Guitar Method C D-ROM 

inclu des instructional videos that you can 
view as you learn a new techn ique , such 

as a bass note strum. 

your guitar against a simple-to-use tun­
ing program. 

The instruction is not geared toward a 
specific style of music; it includes songs 
from such genres as folk, popular, blues, 
and country. For those who have the 
patience, discipline,and desire to learn to 
play a guitar without a personal instruc­
tor, eMedia Guitar Method will get you 
off to a good start. -Rich Friedman 

eMedia Guitar Method 

eMedia Corp., 24 03 East Aloha St., 


Seattl e, WA 9811 2, (206) 329-5657 

fax : (206) 329-0235 


www.emedia.or9/9uitar.htm l 

$ 59 .95 


L-------------.J 
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Faster, Fatter 
CD-ROM Titles 
on Hold 
Alth ough the next wave o f CD-ROM 
drives promises higher performance than 
today's quad-speed and x6 drives, devel­
opers say that they wi ll wai t for the next 
CD -ROM standard, Digita l Videod isc 
(DVD), to arrive befo re they release the 
next generation of"edutain ment" ti tl es. 

New x8 dr ives have already arrived, 
and more are on the way. By June, most 
drive vendors will offer x8 drives wi th 
up to 1200-KBps data transfer rates for 
$250 or less; at least one vendor says it 
will release an even-faster x10 dr ive in 
the third quarter of this year. 

But whi le the latest dr ives offer im­
proved seek-time perfo rmance and po­
tentiall y smoother video playback than 
current dr ives, they' re still shackled by 
the CD-ROM standard's 640-MB mem­
ory restricti on. Th is li mit has deve lopers 
wa it ing fo r the DVD standa rd and its 
4.7-GB storage min imu m before t hey 
release the next wave of ti tl es with opti­
mized (i .e., fu ll-screen, 30-frame-per-sec­
ond) video . 

"When we develop titles, we want our 
products to run we ll on the majority of 
the CD-ROM drives on the market today, 
and those are two-speed and quad-speed 
drives," says Dave Wooldridge, director 
of marketing for L3 Interact ive (Santa 
Monica, CA, (800) 644-2823), whose ed u­
tainment titles incl ude Mathemagics and 
extreme-sports instructional programs . 
The do uble-speed drives' low data trans­
fe r rate means they can 't play back video 
that's recorded at 30 fps without drop­
ping frames. Th is is why con tent deve l­
opers often use 256-color video record­
ed at 8 to 10 fps. If your titl e doesn' t run 
well on the lowest common denom ina­
tor, Wooldridge says, "you lose your main­
stream market." 

However, content developers say that 
even if a ll consum ers were ro insta ll 
new x8 CD-ROM drives, developers still 
coul dn't optimize for the drives' higher 
performance without having to eli minate 
content. Officia ls at Graph ix Zone (Ir­
vine, CA, (800) 828-3838) say they already 
have a problem squeezing all th e content 
they want onto a CD-ROM disc. The com­
pany's ti tl es, includ ing its latest, Nixon, 

already have a lot of video and audio clips 
squeezed into a standard CD-ROM. In­
creasing the quali ry of the video (e .g., by 
including 30-fps instead of 12- or 15-fps 
video) would force the company to in­
clude fewer video clips. 

Grap hix Zone officials say DVD's in­
creased storage will let the company in­
clude longer-playing, fu ll-screen mov­
ies instead of the small-window videos 
it currently provides. More disc space 
also allows for better-qualiry audio: DVD 
can more easily accommodate 16-bit, 44­
kHz (CD-quali ry) audio instead of the 22­
kHz audio rypically used today. 

Although content developers are, for 
the most part, not optimizing for x8 or 
xlO drives, purchasers of the latest tech­
nology will still see benefits in the area of 
CD-ROM disc access, according to soft­
ware developers and drive manufactur­
ers. Vendors say the fas ter ro tation of x8 
and x 10 drives results in improved access 
ti mes; th is benefits database-intensive 
programs. 

To achieve the maximum performance 
benefi t fro m xlO, Pioneer New Media 
Technologies (Long Beach, CA, (800) 444­
6784) will release a dual-mode drive in 
the thi rd quarter of this year. One mode, 
Constant Li near Velocity (CLY), has the 
disc rotate at a faster rate while the drive 
reads inner tracks and at a slower rate 
while it reads outer tracks. This ensures 
cons istent and smooth video playback 
when video stored on the outer tracks is 
accessed. 

But CAY mode spins the disc at a fixed 
rate, eliminating the access delays that 
occur when a disc is slowed down in 
CLY mode. Pioneer says CAY mode's 80­
mi llisecond access ti me wi ll make its 
Super lOX drive a better so lut ion fo r 
applications that require fast access times. 

In general, the fas ter CD-ROM drives 
also allow for less expensive components, 
says Scott Eirich, product development/ 
marketing manager at Teac America 
(Montebello, CA, (213 ) 727-7669), which 
wi ll re lease a x8 drive in June for about 
$200. For example, as access times drop 
(e.g., a 300-ms access time was typica l 
about two years ago), cache sizes can also 
decrease, from 256 to 128 KB. Higher 
production volu mes from drive makers 
also contribute to lower prices, and that's 
good news for game players who will 
want to buy drives offering the la test 
technology in orde r to get smooth-play­
ing video. -D. A. 

www.emedia.or9/9uitar.html
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Mike wants to upgrade his company 
to Lotus Notes Release 4. 

If 2,352 people in 8 departments 
will use it, how many servers will 
Mike have to add? 

a) 4 b) 8 c) 12 

The correct answer is: 
d) None of the above. 

Because Mike chose theRS/6000 
Notes Server, he can add users 
without adding servers. 

Boy, that was an easy one. 

Can your ] 
Notes 

While Lotus Notes® 
Release 4 can be 

[ server 
do this? 

the answer to 
your collaborative 

computing prayers, it can also 
raise some important questions. 
Like how many servers will you 
need to handle all of the added 
users Notes'" Release 4 supports? 
Fortunately, there's a rather 
simple solution: the RS/6000 '" 
1 otes Server. 

By consolidating your existing 
servers with the UNIX®-based 
RS/6000 server, you can take on 
more users ·without bringing 

in more servers. And, because the 
RS/6000 offers unsurpassed 
scalability, your business can 
grow with it, not out of it. 

What's more, the H.S/6000 
Notes Server lets you manage 
your entire network from one 
easy-to-access location. 

Of course, you won't be left 
to figure things out on your own. 
H.S/6000 specialists will help 
you design a customized solution 
that best meets your collaborative 
computing needs. 

The H.S/6000 Notes Server. 
It's subtraction by addition. 

How can the RS/6000 
TheAS/6000 

Guide lo 
 simplify y our move to 
l otus Notes 
andCollaboratlve 

Compul!ng 
 · Lotus Notes Release 4? 

For the answers, get 
our free booklet, 

____ 1BM_, "The RS/6000 Guide 
to Lotus Notes and Collaborative 
Computing. " Call l 800 IBM-3333, 
ext. FA230, or visit us on the Net 
at www.rs6000.ibm. coni 

--- ·-® 
Solutions for a small planer 

IBM is aregistered trademark and RS/6000and Solutions tor a sma ll planet are trademarksot International Business Machines Corporation. Lotusand Lotus Noles arereg istered trademarks and Notes is a trademark of Lotus Development Corporation. 
UNIX is a registered trademark in the U.S. andother countries, licensed exclusively through X/Open Company Limited. The IBMhome page can be tound al http://w11wibm.com ©1996 IBM Corporation. 

http:http://w11wibm.com
www.rs6000.ibm


Bla&t& ~rom 
the Pa&t 

Years ago in BYTE 

ACE, the Advanced Computing Environment 

consorti um, made noise with its 21 big-name 

vendors, including Compaq and Microsoft, 

who promised big things for next-generation 

workstations. But then Intel accelerated its 

rollout of x86 processors, and such compa­

nies as Compaq left the organization, saying 

the x86 architecture offered pretty good per­

formance after all. 

Years ago in BYTE 

BYTE took an early look at the Mac Plus, a 

$2599 system that came with 1 MB of RAM, 

a 9-inch display, a 7.8-MHz Motorola 68000 

processor, and an optional 20-MB hard drive 

(but no expansion slots) . The Compaq Desk­

pro 286, which we also reviewed, had 512 KB 

of RAM, a 30-MB hard drive, and four expan­

sion slots; it cost $6245 with a monitor, but it 

was faster than IBM's AT. 

Years ago in BYTE 

Appl e Computer's Steve Wozniak wrote 

about his experiences in computing the math­

ematical constant e to 11 6,000 digits of pre­

cision on an Apple II computer. He theorized 

that one cou ld build a dedicated "e-machine" 

for under $1 0,000 that 

could calculate e to 

100,000,000 places in 

three months. 

In the same issue, Dig­

ital Research's Gary Kil­

dall wrote about CP/M, 

a popular OS that by 

1983 had lost market share to Microsoft's MS­

DOS OS on the IBM PC;MS-DOS got on the 

PC first. The same issue also contained an arti· 

cle about Microsoft's Xenix OS. Now Micro· 

soft positions Windows NT against Unix. 

A Road Map to Better Bandwidth 
Widely known a6 the uather ou the Internet becau6e ou hi6 pioneering 

work in creating TCP/IP, Vinton Cert, 6enior vice pre6ident ou data 

6ervice6 architecture at MCI, comment6 here on technologie6 that will 

improve Internet bandwidth. 

BYTE: It seems the internet is slowing 
down. MCI recently announced plans to 
upgrade its backb one from 45 to 155 
Mbps. When does that take effect? 

Cerf: It takes e ffect app rox imately 
Apri l 15 and runs over an ATM substrate 
th a t uses MCI's So net tr a nsmi ssio n 
backbone. I expect increases in capacity 
throughout the course of the year. 

BYTE: Even with the upgrade to 155 
Mbps, with all the people creating new 
Web pages, will that be enough? 

Cerf: No, and we' ll be working to in­
crease the capacity this yea r. 

BYTE: What other technologies could 
improve the bandwidth situation? 

Cerf: We look fo rward to tens of mega­
bits per second on direct-broadcast satel­
li te in 1997. Mea nwhile, cable modems 
and ADSL may be alternatives to modem 
and ISON access. We are very interested 
in advanced services, such as mul ticast, 
that could reduce some of the load from 
streaming audio and video services. Web 
host mirroring can also help to reduce 
the load. 

BYTE: What 's your reaction to maga­
zine articles that predict the death ofWeb­
based media due to bandwidth problems? 

Cerf: I think that's premature. 
BYTE: Why is business migrating from 

private WANs to the internet? 

Cerf: Dedicated services are expe n­
sive. We see a lot of interest in virtual pri­
vate networks derived from frame relay, 
SMDS, and ATM and look forward to sim­
ilar capabilities over the Internet with, 
for exampl e, MCI 's Safenet [a hardware­
based security service fo r open netw~ rks 
and electronic commerce over the Inter­
net] . Since most intra nets ultimately need 
to connect to the public Internet, via fire­
wall typ ica ll y, we see co mpani es inrer­
ested in either using the Intern et direct­
ly or interconnecting their virtual private 
nets with the Intern et. Private WANs will 
stay around where they make economic 
sense. In general, th e Internet is needed 
for interorganizati on communi cations, 
so th e two wi ll co mplement each o ther. 

BYTE: What needs to be fixed most in 
the move from private WA Ns? Internet 
security? Performance? Both? 

Cerf: Private WANs-if by thi s yo u 
mean dedicated-circuit nets- are often 
replaced with virtual private nets because 
VPNs are mo re cost effective until you get 
to really intensive use. Use of the Internet 
for intranet communicati o ns requires 
strong cryptographic security end to encl , 
at least between the ro ute rs li nking the 
local corporate net or nets to the Inter­
net. Performance is always an issue in a 
shared net, but I see vastly increased In­
ternet capacities as time advances and de­
mand increases. 

BYTE: H owwill MCJ address voice and 
data communications for countries with 
poor infrastructures? 

Ce rf: First, we will use sate llite links 
where there's no o ther means of provid­
ing intern ational access. We will a lways 
look fo r terres tria l fiber where it 's eco­
no mica ll y feas ible and ava il able. W ire­
less is a fas t way to get goi ng for loca l 
access in the absence of local loop infra­
structure. I would not be surprised to find 
voice and data services ultimately merg­
ing on the Internet once th e techno logy 
fo r providing multiple qualiti es of ser­
vice is available. 
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Apple hopeo a primitive 3-D interuace will lead 

to 6ophioticated 3-D gameo. By Peter Wayner 

Crave the RAVE 


ow that hardware accel­
eration for 3-D computing is 
about to enter the mass 
market for home PCs, soft­

ware developers are scrambling to come 
up with a standard language that will 
make it possible for their applications to 
run on as many machines as possible . 
Apple Computer (Cupertino, CA) is 
trying to establish one such standard with 
3D RAVE (Rendering Acceleration Virtual 
Engine), which is a low-level 3-D render­
ing system that should smooth differ­
ences between all machines, be the y 
Wintel or Mac. 

The goal is simple: Ifa developer wants 
to draw a triangle on-screen, he or she 
makes one call to the 3D RAVE AP!. It's 
then up to RAVE to do the right thing 
depending on the end user's hardware. 
If the software is running on a computer 
equipped with a hardware accelerator for 
3-D graphics, the RAVE layer should use 
this fast hardware to render the triangle 
as fast as possible. If the software is run­
ning on a plain machine with no special 
equipment or video hardware, a software 
rendering engine should step onto the 
stage and do the job correctly, if more 
slowly. 

A smart AP! like this is a big time­
saver for developers and accelerator 
manufacturers. Thousands ofgames and 
dozens of video accelerator cards are on 
the market. The RAVE structure lets each 
accelerator card manufacturer write a 
single engine that will be accessible to 
each game designer through the RAVE 
interface. All engines will accept the same 
basic calls for rendering points, lines, and 
triangles, so all software will work with 
each board. 

Actually, 3D RAVE is one of two Apple 
AP! sets for rendering 3-D objects. The 
other one, which is called QuickDraw 
30, is a much-higher-level AP! that offers 
developers the abiliry to simply open up 

a window and hand QuickDraw 30 a file 
that describes a complex item. Quick­
Draw 30 will interpret the complex data 
structures and break them into such low­
level items as triangles, lines, and points 
before handing them to 30 RAVE to do 
the right thing with the local hardware 
configuration. 

Two Halves Are Better Than One 
Apple split the APIs into two sets because 
its engineers realized that not all software 
developers are alike. Some developers 
wanted a powerful tool that would do 

Using the RAVE API 

='\~ 
/

IApplication I 
0 Application issues 

drawing command 
ano dat(l to RAVE API. 

Applications write to the RAVE interface, which deals with the 

hardware accelerators and software libraries on that machine. 

all the rendering work for them. Those 
developers would use the full version of 
QuickDraw 30. 

However, others had invested a great 
deal of time and effort in their own ren­
dering engines that provided a distinc­
tive "look" for their games. Game design­
ers may concentrate on different effects. 
One developer might include a com­
plex rendering engine for dealing with 
effects such as smoke and fog; another 
developer might choose for the action to 
occur in clear light. Visual sryles such as 
this are important. 

Software companies with their own 

rendering engines still need an APl such 
as RAVE. This allows them access to 

mu ltiple machines with different accel­
erator cards. Their rendering engines 
break up the complex models into trian­
gles and th en RAVE handles the loca l 
details. 

Although the RAVE AP! layer is meant 
to be a low-level AP!, it still offers a strong 
collection of the most important features. 
You can texture-map triangles with tex­
tures that are as detailed as 4000 by 4000 
pixels. Z-buffering is available, but you 
can turn it off to save memory and add 

speed. Some game programmers have 
already calculated distance information 
in their code, and they're able to draw 
programs from back to front and present 
the correct information without help 
from a z-buffer. You can clip these oper­
ations to fit into windows and other 
shapes. 

The AP! does not offer access to any 
higher-level features that might be found 
in the full QuickDraw 30 AP!. That AP! 
offers commands that will open standard 
3-D files and import them. Game devel­
opers must do this for themselves if they 
want to deal only with RAVE. Also, such 
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higher-level constructs as smooth polyg­
onal object models are missing. These 
constructs are a large part of the heavy 
overhead that graphics languages sucfi as 
GL impose on the systems that run them. 
With RAYE, game developers don't have 
to worry about losing memory to these 
functions. 

The Difference Engines 
A general API (like RAVE) should offer the 
same effect on different platforms in a 
manner that is completely transparent to 
the software. For instance, the standard 
window accelerator will move rectangles 
around in the same way. A 3-D AP! must 
also offer consistency across platforms, 
but it would actually be better if it weren't 
perfect. This is because software devel­
opers don't want exactly the same thing 
to happen on each machine. They want 
the best possible image to emerge on each 
machine. 

This flexibility is offered by RAVE's 
Gestalt interface and the different ras­
tering engines. A game program might 
poll RAVE to find out which of the engines 
are avai lable and a lso determine their 
performance. 

If you install a high-speed hardware­
accelerated engine, the game could load 
the most realistic, complex models and 
use them in the game play, knowing that 
the engine could deliver. If you have a 
low-speed software-only engine, the 
game would use lower-grade models to 
maintain performance. 

The Gestalt interface also describes the 
different features available on the differ­
ent acce lerators. Some might offer tex­
ture-mapping, while others might offer 
higher-grade mapping with interpola­
tion. Some might offer transparency 
blending, while others might use an alpha 
channel. 

Some might handle depth through 
simple z-buffering, while others might 
add deep z-buffering or perspective cor­
rection. Through the Gestalt interface, 
the game can poll the local hardware and 
choose the appropriate object models 
to fit the performance characteristics of 
the board. 

www.info.app le.com/qd3d/qd3d 

.html (Netscape frames) 


www.info.apple.com/qd3d/main 

.html (same as above, 


without frames) 

www.info.apple.com/qd3d 


/rave/rave.htm l 
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When the software begins executing, 
it can flip through a list of the available 
low-level RAVE engines and choose the 
best one for the job. It is quite possible 
that a package might forgo a zippy hard­
ware accelerator engine for a slower soft­
ware-on ly engine because the software­
only engine offers features that are not 
avai lable on the accelerator engine. If the 
software-only engine still renders the 
image fast enough, it would be the right 
choice for that situation. 

This information is available through 
the Gestalt interface. Giving the software 
developer access to these choices is an 
important item if they're going to be able 
to tailor the drawing to present the best 
possible image on each machine. 

Using the Gestalt Manager 


mer makes the same call to draw a tex­
ture-mapped triangle on either a Mac 
with a Matrox card or a PC with an ATI 
Technologies accelerator card. 

The Windows development kit con­
tains a Software Development Kit (SDK) 
with DLLs for the game programmer and 
a device-driver kit (DDK) for the board 
manufacturer. Both kits contain the def­
initions for the data structures that 
work consistently across both plat­
forms-they are just recompiled for use 
on the PC . The Mac kit's SDK for the 
game programmers includes the headers 
for the system ca lls that are part of the 
QuickDraw 3D system extension. The 
board manufacturers can develop their 
own system extensions. 

·t--..--..... 0 Send 
display 
lists to 
graphics 
hardware. 

Graphics 
accelerator 

The Gestalt interface lets applications query the RAVE subsystem to 

see what hardware and software are on that machine. 

This Gestalt interface also offers a sur­
prising amount of forward-looking cross­
platform flexibility. It is entirely possible 
that software written to the RAYE stan­
dard will run in several years on hardware 
acce lerators that weren't even designed 
when the software was written. The soft­
ware wi ll access the Gestalt interface and 
choose the best-performing engine that's 
available. 

Cross-Platform Wintel and Mac 
The original core of RAVE was designed 
as a hardware abstraction layer (HAL) 
that wou ld hide the details of each accel­
erator card fro m the Mac programmer. 
Once the abstraction is set up, it is not 
much trouble to extend this to work well 
on Windows machines as well. 

As of this writing, Apple has said it will 
ship a version of RAVE for Windows pro­
grammers. This wi ll let game program­
mers write to a single low-level standard 
and have their software run on either 
machine. In essence, the game program-

Apple has been the source of a wide 
variety of cross-platform standards, but 
its most successful ones have come in the 
graphics arts world. QuickTime and its 
virtual-reality cousin QuickTime YR are 
used on a number of CD-ROM games and 
graphics additions. The domination of 
the Mac platform in the graphics arts 
world helps this process. 

If RAVE succeeds in helping 3-D game 
developers market their products, Mac 
users will benefit. Porting PC games to the 
Mac will be a relatively simple process, 
and there will be more games. The work 
may also flow in the other direction. Port­
ing games from the Mac to the PC will 
be an easier process. That w ill allow 
graphic designers who cling to the Mac 
to stick with it into the future. Ii) 

Peter Wayner is a regular BYTE contributor in 
Baltimore, Maryland. His latest book is Disap­
pearing Cryptography: Being and Nothing­

ness on the Net. His home page is at http: 

//access.digex.net/-pcw/pcpage.html. 

www.info.apple.com/qd3d
www.info.apple.com/qd3d/main
www.info.apple.com/qd3d/qd3d
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Technology and information to keep you current. 
http://www.microsoft.com/ msdn 

Like milk, your tools need to be fresh. 

Fortunately, you can get the latest tools, technology, 

and information delivered straight to your door. 

Just subscribe to MSDN and Microsoft Visual c++, and you ' ll get all 

the essentials needed to keep you up-to-date. With the Visual c++ 

Subscription, you get the Visual C++ 4 .0'" development system (the 

PC Week Analyst 's Choice , November 27 , 1995), which offers un­

precedented code reuse . You even get three subscription releases 

that include new features, OLE controls, c++ components , additions 

to MFC, and a fresh supply of technical articles. 

The Microsoft Developer Network (MSDN) subscription brings you a 

full year 's supply of SDKs , DDKs, and operating systems, as well as 

Never create from scratch. 
http://www.microsoft.com/ visualc 

the BackOffice'" Test Platform and extensive sample 

code and programming information. Available in 

three levels, MSDN is updated and delivered four 

times a year. Which helps you stay ahead of the 

technology curve. 

To learn more about these subscriptions, use the 

URLs listed above. For subscription delivery or the 

name of your local retailer, call (800)759-5474, 

Dept. A199 (U.S. and Canada only). 

V ISU A L © 1996 Microsoft Corporation. All rights reserved. M icrosoft and Visual C++ are registered trademarks W H ERE DO YOU WANT T O GO T ODAY?" I 
T 0 0 LS and BackO ffi ce and Where do you want to go today? are trademarks of Microsoft Corporation. 

http:http://www.microsoft.com


The NEW Corel® WordPerfect® Suite for 
Windows® 3.lx will bring an unparalleled 
level of power and value to the world's best 
word processor. Delivering all the standard 
office suite features plus powerful graphics 
and Internet capability, the Corel 
WordPerfect Suite packs so much power 
and so much value into one CD-ROM it 
leaps far ahead of Microsoft® Office. 

Corel WordPerfect Suite for Windows® 3. lx 
CD-ROM versiont includes: 

• Corel WordPerfect 6.1 
• Corel Quattro® Pro 6.0 

• AT&T WorldNet'" SeIVice Software 
including Netscape Navigator ni 

• Corel Presentations rn 3.0 • Dashboard "' 3.0 
• CorelFLOW"" 2 • Corel Screen Saver • 150 fonts 
• Sidekick "" 2.0 • Envoy"' 1.0 • 10,000 clipart images 

WordPerfect 3.5 for Macintosh"' beats
The figures spea k for Microsoft"' Word for Macintosh"' for 
themselves. When people MacUser 1995 Editor's Choice Award. 
choose a standalone MacUser, December 1995 
word processor, they WordPerfect 6.1 for DOS 
choose WordPerfect. In receives Editor's Choice. 
fact, WordPerfect has PC Magazine, November 1995 
consistently outsold and 

WordPerfect 6.1 beats 
outperformed Microsoft® Microsoft"' Word 
Word for Windows® 3.lx and for Windows"' 95 for Editor's Choice. 

U.S. shipruonls ofstnndalono 

Windows® 95. w;:::;:';::~::;.',~~:;;;;;~;,:,:•','~.·~~:;;" PC Magazine, November 1995 

Includes eve rything in the 
Core l Wo rdPe rfect Suite, 

plus G roupWise '" 4.1 
E-mai l client license and 
Paradox"' 5.0 database. 

T he only spreadsheet app lication 

th at seamlessly uses fil es from 


a ll three major spreadsheet 

programs: Q uattro Pro, 


Microsoft"' Excel and Lotus 1-2-3~ 


Easy, powerful 

presentations in minutes, 


with sophisticated 

transitions, sound 


and more. 


(ISOFTWARE 
I SPECTRUM 1-800-824-3323 

Call now for 
CALL TODAY Softwa re Spectrum pricing! 

7 a.m. to 7p.m. !Central) 

http://www.corel.com 
Call now for faxed literature! 

1-613-728-0826 ext. 3080 
•suggcst..:11 hst price plus .1ppll c.1hlc t nx~i. .md sh1pp111g m USS. Dc.1!cr m.1y sell fo r k ., s. 
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Web browtierti can otter a common tront end 

to maintrame data. By Salvatore Salamone 

How to Put Mainframes on the Web 
s the Web browser the ulti­
mate corporate front end? 
The hype about intranets cer­
tainly indicates this is the case. 

Trouble is, one vital component is miss­
ing from Web technology: access to a ll 
that mainframe data. 

And that's a problem. "Approximate­
ly 75 percent of all real-time transactions 
in the world still run on main frame-based 
networks," says John Dunkle, president 
of Workgroup Strategic (Portsmouth, 
NH), a consulting firm. In other words, 
th e data on which corporate America 
runs is currently inaccessible through 
browsers and intranets. 

You can fix that. 

Pick One, Any One 
There are a couple of fundamentally 
different ways to give browsers access 
to IBM hosts. The two basic methods can 
generically be called native 3270 and 
Hypertext Markup Language (HTML) 

conversion. Each method has technical 
merits and deficiencies. 

With native 3270, you need to have a 
special browser. In this case, the brows­
er needs some form of built-in 3270 ter­
minal emulator and applets that know 
what to do with the 3270 data streams 
once they reach the desktop system. 

With conversion, 3270 screens are 
changed to HTML format and posted to 
a Web server. The converted screens can 
then be viewed using any browser. 

HTML conversion comes in two fla­
vors. One is a static approach, where 
the user has what amounts to read-only 
access to data made available by an 
administrator. The other method is more 
dynamic (and similar to your typ ical 
transaction-oriented mainframe data 
access), where the user queries a database 
and views the results using a browser. 

An example of the static approach 
would be where some mainframe data is 

made availab le to an organization . For 
instance, a human resources department 
might, on a monthly bas is, post to an 
intranet server the amount each employ­
ee has in the 401 (k) plan. 

To do this, th e 401 (k) information 
would be pulled off the mainframe and 
converted to HTML format . Then 
employees would be able to look up this 
information using the browser on their 
desktop computers simply by entering 

Real-Time Access 

0 Request data 

D 
Desktop 
machine 
with Web 
browser 

0HTMLpage 
displayed 

embedded HTML scripts. (In a sense, this 
is the normal HTML process applied to 
3270 data streams.) 

First, a Systems Network Architecture 
(SNA) gateway into an IBM host pulls off 
a standard IBM host screen with embed­
ded data. This screen is then converted 
to HTML format on-the-fly. That's what 
Salvo Server Edition from Simware and 
the Emissary Host Publishing System 
from Attachmate do. 

e_:_~~-v~_1~-n--d@D~,~D~I
Web Publishing SNA 

server software gateway 

3270 
data 

server stream 

One approach is to convert 3270 data on-the-fly to HTML. 

the uniform resource locator (URL) of the 
Web serve r. (Obviously, security is an 
issue here and the information would 
need to be password-protected.) 

This approach to making mainframe 
data available through browsers is fairly 
limited . And while such access might do 
in many situations, it 's not sufficient 
when users need access to data that 
changes more frequently. 

For example, you might have an inven­
tory database that sales staffers frequently 
check when they're taking orders over 
the phone. For such app lications, you 
need an HTML conversion method that 
is more dynamic. 

The way to accomplish this leve l of 
access to mainframe data is through 

From a common browser, the user 
enters the URL of an intranet server that 
is connected to the server that's per­
forming the HTML conversion. Com­
mon Gateway Interface (CG!) scripts 
are employed to generate the HTML 

pages based on user queries. 
The possible downside to the HTML 

conversion approach is that you may not, 
in all cases, be able to support some of the 
more complex 3270 commands, such as 
creating built-in function keys that per­
form a series of operations. 

The Natives Are Wild 
An alternative to HTML conversion is to 
leave the data in native 3270 data stream 
format and use a special browser. Such a 
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browserwould need 3270 terminal emu­
lation features and would require an 
applet to handle the data. 

T hese browsers would replace a ter­
minal emulator and would include th e 
underlying technology needed to main­
tain a connection with the mai nframe 
(e.g., by sending acknowledgments to the 
host to keep the session alive). 

Using a special browser may see m 
idiotic. Would anyone actually do that? 
The answer is probably- especially if the 
browser solves a specific problem, li ke 
giving users access to mainframe data. 
The Aberdeen Group consultin g firm 
believes the browser market will become 
fragmented and, despite Netscape's cur­
rent dominance, users will buy browsers 
based on their personal requirements. 

With the native 3270 approach, a user 
establishes a session with the mainframe, 
typically by running a Telnet session into 
th e host. The res ultin g TN3270 data 
stream would travel across the network 
to the desktop system. There, the brows­
er would need to have embedded applets 
to take the data stream and display it as 
a normal 3270 screen. 

The applets could be designed to han­
dle even the most complex 32 70 com­
mands. This would overcome th e sho rt­
comings you might encounter with an 
HTML conversion approach. The trade­
off, of course, is that you need a special 
browser that can perform emulation and 
handle the data. 

But that may not be a problem if you 
decide to use a common applet techno l­
ogy, such as Java. If that's the case, then 
any o f the major browsers will work, 
since virtually all the browser ve nd ors 
either support Java or plan to do so. 

And when it comes to mainframe con­
nectivity, there's already some movement 
in Java's direction. For example, Open­
Connect Systems, a TCP/IP-to-SNA con­
nectivity company, offers a product 

WHERE TO FIND 

Attach mate OpenConnect 
Bellevue, WA Systems 
(800) 426-6283 Dallas, TIC 
(206) 644-4010 (800) 551-5881 

fax: (206) 649-6484 (214) 484-5200 

http://www.attach­ fax: (214) 888-0688 

mate.com http://www.oc.com 


IBM Simware 

Armonk, NY Ottawa, ON, Canada 

(800) 426-3333 (800) 267-9991 
(914) 765-1900 (613) 727-1779 

http://www.as400 fax: (613) 727-8797 

.ibm.com http://www.simware 
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called OC://WebConnect, which is Java­
enhanced server software that lets users 
access mainframes and midrange systems 
through a Java-enabled browser. 

With the OC://WebConnect software, 
Java applets convert standard data fl ows 
into HTMVJava data flows (and vice ver­
sa). This conversion enables multisession, 
mu Iti p rotocol access to ex ist in g main­
frame applications. 

Fast Forward 
Giving users access to mainframe data 
th rough Web browsers is a big start. But 
many organizations also want to extend 
this level of connecti vity to other ty pes 
of IBM enviro nments- specifica ll y, to 
AS/400 systems. 

Some he lp in this a rea has already 
arrived . Earlier this year, IBM's AS/400 
Division announced it was teaming up 

with I/NET, a research and custom soft­
ware solution provider, to bring AS/400 
use rs o nto th e Web. I/NET has a soft ­
ware package called Web Server/400 that 
enables an AS/400 running 05/400 version 
3.1 to operate as a Web server. (About 
360,000 such systems are install ed today. ) 

The move to open corporate data to 
Web technology has just begun. And it's 
like ly that for the next year or so HTML 
conversion and th e native 3270 access 
methods we've outlined here will be the 
best ones to consider. But in the future, 
a better way to access mainframe data 
may become avai lable. 

One idea being considered is to use 
existing client/server too ls, such as Visu ­
al Basic, C+ + ,and OLE 2.0, to develop 
applications that can access mai nfra me 
data. You can then ready any app li ca ­

tion for intranet use by dropping an 
OLE custom control (OCX) onto a form 
to display the data in HTML format with 
a browser. 

Regardless of th e m ethod used to 
access mainframe data with a browser, 
one other issue must be addressed before 
opening up the corporate treasures. That 
is security. 

Many Web browsers (including the 
Ne tscape Navigator) sto re on-screen 
images in a local cache and often in a serv­
er cache. After a user logs out of a session 
with a mainframe computer, these screen 
images ca n then be viewed by anyone 
with a Web browser. 

That mean s so meone co uld come 
a long after a session and vi ew data to 
which the original user gained access only 
after entering a password and ID when 
logging onto the main fra me application. 

Peeking at the cached screen images also 
defeats any encryption that would have 
been used when the data passed over the 
corporate network. 

This is an area that wi ll probably be 
addressed quickly. Web browser vendors 
will most likely add HTML extensions 
to tackle this security breach. That's at 
least something to consider before open­
ing th e doors to yo ur mai nframe data. 
But once that's done, you may have an 
easy way to give users a common inter­
face to all your corporate data, whether 
it's on big iron or li ttle. Iii 

Salvatore Sa lamone is a BYTE news editor 

based in New York and author ofReducing the 
Cost of LAN Ownership (Van Nostrand 

Reinhold). You can reach him at ssalamone 
@bix.com. 

Simware's Salvo allowed the Smithsonian to turn its 3270 screens 

(left) into an easier way to access information on mainframes. 
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What will you do today? 


N ewCom and the Internet Make it Easy. 
With complete multimedia communications kits, even the smallest 

business enjoys big business advantages. NewCom Multimedia Kits have 

everything you and your PC need for world-wide connections: High speed, 

high quality NewCom modems; Rapid-read CD-ROM drives; speakers, 

sound cards, and microphone. And the most complete collection of 

interconnect software anywhere, including browsers, e-mail, Internet 

Phone by Internet Relay Chatrn and lots more. Let NewCom tailor just the 

right kit for your business and see how far you get by 11:00 A.M. 

Call l-800-5NewCom. 
HIGH FIDIUTr 

.{~,··l 

Your.lift.2.the.info.superhwy. 
NewCom, Inc., a subsidiary of Aura Systems, Inc. • 31166 Via Colina , We tlake Village, CA 91362 
Tel (818) 597-3200 • Fax (818) 597-3210 hllp:/ilrn·w.newcominc.com 

Circle 614 on Inquiry Card (RES ELLERS : 615) . 
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NEXT-BUSINESS-DAY AT-YOUR-DESK 
SERVICE GUARANTEE* 

If your Dell system experiences acovered har4ware failure 

while it is under anext--business--da~ contract 

purchased from Dell, 

by the end of the next 

rare event that the technician does 

ve as promised, let Dell know. Your situation 

will receive top priority for resolution, plus you will 

receive an additional month of service for free. 



DELL DIMENSION'" XPS Pro150n 
150MHz PENTIUM®PRO PROCESSOR 

• Mini Tower Model 
• 16MB EDD Memory 

• 256KB Internal L2 Cache 
• 2.5GB Hard Drive [10.5ms) 

• 17LS Monitor (15.7" v.i.s I 
• 9FX Motion Graphics Accelerator 

with 2MB VRAM 
• BX Multi-session EIDE CD-ROM Drive 
• MS®Office Professional with Bookshelf 

for Windows®95 

• Microsoft® Windows 95/30 Days 
Free Support/MS Mouse 

• 3Year Limited Warranty' 
*	 Upgrade to the Imagine 128-bit 

Graphics Accelerator with 4MB 
VRAM for only $330 more. 

$2899 
BusinessLeaseO: $107/Mo. 
Order Code #500259 

DELL DIMENSION XPS P133c 
133MHz PENTIUM PROCESSOR 

• Mini Tower Model 
• 16MB EDD Memory 
• 256KB Pipeline Burst Cache 
• 1.6GB Hard Drive [10ms) 

• 15LS Monitor (137" v.i.s.) 

• 9FX Motion Graphics Accelerator 

with 2MB VRAM 


• 6X Multi-session EIDE CD-ROM Drive 
• MS Office Professional with Bookshelf 

for Windows 95 
• Microsoft Windows 95/30 Days 


Free Support/MS Mouse 

• 3 Year Limited Warranty

*Upgrade to 32MB of EDD memory 

for only $399 more. 


Business Lease: $B1/Mo. 
Order Code #500252 

Dell 's featu red computer artist is Daniel Fenelon. 

NEW DELL DIMENSION XPS P166s 
166MHz PENTIUM PROCESSOR 

• Mini Tower Model 
• 16MB SD RAM Memory 

• 256KB Pipeline Burst Cache 
• 1.6GB Hard Drive [10ms) 

• 15LS Monitor (137" v i.s I 
• 9FX Motion GraphicsAccelerator 

with 2MB VRAM 
• BX Multi-sess ion EIDE CD-ROM Drive 

• MS Office Profess ional with Bookshelf 
for Windows 95 

• Integrated Sound Blaster 16 Sound 

• Altec Lansing ACS-5 Speakers 

• Microsoft Windows 95/30 Days 
Free Support/MS Mouse 

• 3 Year Limi ted Warranty 
*	 Upgrade to the Dell 17LS(15.7" v.i.s.) 

monitor for only $270more. 

PICTURED SYSTEM 

Business Lease: $94/Mo. 
Order Code #500254 

DELL DIMENSION P100t 
1OOMHzPENTIUM PROCESSOR 

• Mini Tower Model 
• BMB EDD Memory 
• B50MB Hard Drive [12ms) 

• 14XEMonitor (13.19" v.i.s I 
• 64-bit PCI 1MB DRAM Video 

• 4X Multi-session EIDE CD-ROM Drive 

• Microsoft Windows 95/30 Days 
Free Support/Dell Mouse 

• 3 Year Limited Warranty

*Upgrade to 16MB of EDD memory 
for only $739 more. 

*Upgrade to a 1.6GB hard drive for 
only $100 more. 

*Add a 3Com EtherLink Ill Network 
Interface Combo Card with Parallel 
Tasking for only $99 more. 

$1449 
Business Lease: $54/Mo. 
Order Code #500250 

If you are looking for a better service 

program, we have one word for you : 

guaranteed. At Dell, we guarantee that 

if there's a problem with your Del I 

Dimension, a Dell-certified technician 

will be at your desk the next business 

day, servicing your PC. And in the rarest 

of events that we're not there the next 

day, you get an extra month of service at 

no charge. 

It's al I part of our new and improved 

standard service program that covers 

;~ru; ~:ii ~i::.nsion PC@ 

Including one 

year of Guaranteed .. 
Next-Business-Day, On-

Site service0 the first year, and then two 

additional years of Next-Business-Day 

Parts Delivery. 

So call today and get covered by the 

Dell Service program. 

litlm!ifollfti!I 
800-545-5705 
In Canada~ ca ll BOO-B39-014B 
Mon-Fri 7am-9pm CT • Sat 10am-6pmCT 

Sun 12pm-5pm CT • http://www.dell.com/ 

I Keycode #011141 

·Guarantees available in the U.S. only for registered owners of Dell Dimension systems purchased after 8/1/93. tFor acomplete copy of our Guarantees or Limited Warranties, please write 
Dell USA LP., 2214 W. Braker Lane. Suite D. Austin. TX 78758. D.On-site service provided by BancTec Service Corp. On-site service may not be available in certain remote locations. 
oBus iness leasing arranged by Leasing Group, Inc. •Prices andspecifications valid in the U.S. on ly and subject to change without notice. The Intel Inside logoand Pentium are registered 
trademarks of Intel Corporation.MS. Microsoft. Windows and the Windows logo are registered trademarks of Microsoft Corporation. ©1996 Dell Computer Corporation. All rights reserved. 

http:http://www.dell.com


Menu H elp 

We would like to introduce you to the Oldsmobile Virtual Showroom, a free 

CD-ROM. chock-full of pictures and information about the entire Oldsmobile 

lineup. If you've got a Windows® PC and CD-ROM drive, just boot up and tour 

the showroom. It's easy to decide which O ldsmobi le meets your needs. You can view each car from any of 

40 positions. Open the doors. Check under the hood. Take a peek inside the trunk. You can even compare your 

favorite Oldsmobile to some of the competition. So call 1-800-448-0087 today. The Oldsmobile Virtual 

Showroom is absolutely free while supplies last. And 

when viewed properly, the chances of spraining your Call now for your free 

big toe are quite slim. '2:> Oldsmobile 
·. Oldsmobile 

Virtual 

Showroom 
MINIMUM SYSTEM REQUIREMENTS: • 486SX/33MHZ OR FASTE R MICROPROCESSOR • 

8 MB OF AVAILABLE RAM • SVGA GRAPHICS CARD (640X480. 2S6 COLORS) AND COMPATIBLE 

MONITOR • MICROSOFT WINDOWS' 95 OR MICROSOFT WINDOWS' 3.1 • SOU ND BLASTER'" 

OR 100% MICROSOFT WINDOWS COMPATIBLE SOUND CARD • MPC COMPATIBLE CD·ROM DRIVE 

WITH MICROSOFT CD·ROM EXTENSION MSCDEX.EXE 2.21 OR LATER (150 KB/S SUSTAINED 

TRANSFER RATE OR BETTER) • DOS 5.0 OR LATER (NOT APPLICABLE UNDE R WINDOWS 9S) • 

MICROSOFT COMPATIBLE MOUSE 1-800-448-0087 
~~. 

~.© 1996 GM Corp. A lf rights reserved. 

Limir<!d to callo.?rs age 18 mid over. On<! pi:1· liouschold. Allow 4 to 6 11111:o!ks {or ddive1y. 
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The Motorola DSP56800 otterti DSP and microcontroller 

tunctionti on a tiingle chip. By Tom Thomption 

Two, Two Chips in One! 

esigning consumer electron­
ics is a daunting job. Today's 
equipment must be flexible, 
smarter, and offer more fea­

tures, yet remain affordable. These re­
quirements have caused a slow conver­
gence between two disparate devices­
the general-purpose microcontroller and 
the digital signal processor (DSP). 

Embedded microcontrollers operate 
the servo motors in disk drives and the 
focus control on camcorders. DSPs, on 
the other hand, enable a cordless phone 
to filter noisy signals or implement the 
fax/modem functions in a hand-held 
computer. Of course, the next-genera­
tion cordless phone has to do more: It 
must not only filter out noise but also 
perform caller-ID verification and be able 
to display messages on an LCD screen. 
Combining these functions traditional­
ly required adding two processors to a 
product's design. 

Early this year, Motorola introduced 
the DSP56800, a 16-bit processor core de­
signed to tackle low-cost designs that 
require DSP and microcontroll er func­
tions. Because these capabilities are com­
bined into one chip, the DSP56800 core 
saves board real estate, minimizes pow­
er consumption, and reduces a design 's 
parts count. It also trims RAM usage, be­
cause you don't have to store separate 
DSP and microcontroller programs. 

The DSP56800 core offers a stream­
lined DSP instruction set derived from 
its 56000 DSP line. This allows existing 
56000-based DSP applications written in 
assembly to run with little or no modifi­
cation. It also provides a host of micro­
controller functions, such as timers for 
fielding periodic events, serial peripheral 
interfaces that communicate with periph­
erals, and up to 32 general-purpose 1/0 
(GPIO) signals that can monitor or con­
trol devices. 

A phase-locked loop (PLL) enables the 

processor to operate at different clock 
speeds at different times, to either con­
serve power or boost performance. It's 
a fully static design that operates from DC 
(i.e., no clock) to 40 MHz. At this speed, 

ally require a response within millisec­
onds, or even several seconds. 

On the other hand, a DSP's sole pur­
pose in life is to rapidly process data. It 
executes sophisticated mathematical op-

Bus· and bit­
manipulation 

unit 

Address· 
generation 

unit 

How the DSP56800 processes a DSP instruction. 

The DSP56800's DSP Components 

GPIO, 
serial 110, and timers 

it consumes only 27 milliwattS. This pow­
er-consumption level makes the proces­
sor ideal for PC Cards and mobile devices. 

Combining the Odd Couple 
It ' s hard to imagine merging two pro­
cessors whose functions are so vastly dif­
ferent. A microconrroller, as its name 
indicates , controls devices. Microcon­
trollers normally don ' t need to be speed 
demons: The devices they manage usu-

Program @ 
memory 

Data memory 4 -KB RAM
4-KB RAM 44-Kf;l ROM. 

On-chip 
expansion 

erations-such as a voice-compression/ 
decompression algorithm- repetitively 
so that it can process signals in real time. 
To accomplish this, a DSP has a repertoire 
consisting of fast math instructions and 
matrix operations. 

Motorola designed the DSP56800 core 
from the ground up. First, the designers 
profiled the instruction usage of many 
DSP and microcontroller applications. 
Seldom-used DSP56000 instructions were 
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discarded first. Others instructions were 
eliminated if they complicated the pro­
cessor architecture or weren' t compact 
in size. The resulting instruction set offers 
a gamut of DSP capabilities , such as a 
fast multiply-accumulate (MAC) instruc­
t io n and a fixed-point data type. For mi­
crocontro llers, there are instructi o ns fo r 
bit manipulation and interru pt handling. 

The end result was a streamlin ed in­
struction set that reduces a firm ware pro­
gra m's size by o ne-third . Acco rding to 
Motoro la, the DSP56800's code storage 
compares favorab ly to that of an 8-bit 
microcontroll er, eve n th o ugh the core 
is a 16-bit processor. Due to the efficien­
cies of the instruction set and architec ­
ture, Motorola says the DSP56800 de li v­
e rs 20 MIPS at 40 MHz. 

Processor Architecture 
T he DSP56800 core uses a H a rvard ar­
chitecture with separate address and data 
buses. The core is full of data and pro­
gram buses that permit up to three simul ­
taneous accesses to da ta and prog ra m 
memory; this expedites the movement of 
data and code th roughout the processor. 
The core also has several con current exe­
cutio n units. 

The data ar ithmeti c logic unit (ALU ) 
provides n o npipelined multi p ly a nd 
MAC opera ti o ns. Ir a lso has a co mp le­
ment of ar ithmeti c an d logica l o pera­
ti o ns; th e la t ter he lp test th e sta tu s o f 
d evices. A 16-bit bidirectiona l ba rr e l 
shi fte r enables fast data-stream parsing 
(such as a ne two rk p rotoco l strea m) , 
which reduces programming ove rhead. 

The ALU a lso has two 36-bit accumu­
lators and three 16-bit input reg iste rs . 
Arithmetic and bit results a like can be 
written back to any register, nor just the 
accumul ato rs; this simplifi es progra m­
ming and imp roves performance. 

The bus- and bit-manipul at io n unit 

Physical 

2.7-V part 

0.65-micron three-metal-layer CMOS 

100 pin TOFP, 14 square millimeters 

Peripheral interface 

16 dedicated GPJO pins (eight 
programmable as interrupts) 

Two serial peripheral interfaces, configurable 
as two four-pin ports or eight G PIO pins 

One synchronous serial interface, config­
urable as a six-pin port or six G PIO pins 

Three programmable timers with two 1/0 pins, 
configurable as two GPIO pins 
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The DSP56800'sMicrocontroller Components 

() 
GPIO, 

serial 1/0, and timers 

Bus- and bit­
manipulation 

unit 

@ 
Address­

generation 
unit 

Data 
memory 

4-KBRAM 

Program 
memory 

4-KB RAM 
44-KB ROM 

Program controller Data ALU 

0 Program controller decodes microcontroller instruction 

@ Instructions dispatched to bus- and bit-manipulation unit 

@ AGU selects GPIO module 

0 Bus- and bit-manipulation unit sends bit to GPIO 

How the DSP56800 processes a microcontroller instruction. 

handles many control activities, such as 
bit-manipulation operations and bit-test 
and bit-branch instructions. It comple­
ments some of the ALU's ari thmet ic and 
shi ft ing operations. 

As a separate unit, the ad dress-gener­
ation unit (AGU) can pipeline instructions 
and compute the next address in advance. 
It can manage two data-memory accesses 
and two address updates in one instruc­

ri o n. It has a modu lo ad dress in g mode 
th at 's e ffective at implementing circu lar 
buffers for DSP applications. 

T he program contro ll er (PC) manages 
the overa ll operation of the core. Ir fetch­
es and decodes instructions and rou tes 
th em to the appropri ate executi on unit. 
The PC supports the hardware and so ft­
ware stacks. A two-level hardware stack 
impl e me nts ha rdware DO a nd REP 
loops-the stapl e of DSP a lgo rithms­
fo r performance. These hardwa re loops 
have zero overhead yet are interruptibl e, 
whi ch reduces interrupt latency. 

Th e DSP56800 core has an o n-chip 
expansion area that sports additi onal on­
chip memory and several types of inte­
grated pe ripheral modul es. There are 
two ki nds of serial interface modul es, a 
rimer modul e, and a general-purpose 1/0 

(GPIO) interface module. Certain mod­
ules, such as serial 1/0, can be pro­
grammed to behave as GPIO modules. 

Currentl y Motoro la is sampling the 
DSP56800 core as two configurations 
with different resources in the expansi on 
area . The first is the DSP56L811, which 
contains 2 KB of program RAM and 4 KB 
of data RAM; the second is the DSP56L812, 
which contains 44 KB of PROM, 4 KB of 

data ROM, and 4 KB of data RAM . 
Given its wealth of DSP and controller 

fu nctions, the DS P5 6800 is well suited fo r 
a variety of applications. For example, a 
DSP56L812 could no t on ly o perate as a 
data pump for a low-cost V.22bis fax/data 
modem but also handle all the modem­
control signals, such as o n/off hook and 
carrier detect. A high-density disk drive 
could use the DSP56L812 no t o nl y to op­
erate the servos that steer the head mech­
anism but a lso to read, process, and buf­
fe r the data. In additi o n, the DSP56800 
has an advantage in projects where time 
to market is critical, because it can be pro­
grammed in C. Ill 

Tom Thompson is a BYTE senior technical 
editor at large. You can reach him at tom _ 

thompson @bix.com. 
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To stay ahead, you need both the 
brilliant logic of Einstein, and the bold 
creativity of Van Gogh. And the right tools 
to keep up-ABC Graphics Suite. Three 
powerful programs in one package that 
let you diagram one minute, illustrate or 
image edit the next. 

Microsoft® Office™ compatible and 
designed for Win NT and Win 95, ABC 
Graphics Suite gives you true 32-bit 

multithreading technology, plus the ease and speed 
of a drag and drop environment. 

Powerful. Versatile. Indispensable. The software 
that brings the art and science of business together. 
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VxDo muot now be two-taced, providing AP!o tor 32-bit 

ao well ao 16-bit Windowo applicationo. By Rick Grehan 

VxDs In Windows 95 
xDs-virtual device driv­
ers-are the hidden supports 
of Windows 3.x and 95. Like 
the small thieves in Terry 

Gilliam's Time Bandits who enjoyed 
access to the plumbings of the universe, 
VxDs simultaneously operate at the low­
est and highest levels: Lowest in the sense 
that they directly access system hardware, 
and highest in that they run at the ring 0 
privilege level. 

Windows 95 has magnified the impor­
tance of VxDs, which are the means by 
which Microsoft extends the capabilities 
of the OS kernel. VxDs in Win 95 handle 
everything from file systems to sound 
cards to network systems. 

Perhaps you haven't considered the 
fact that VxDs, though 32-bit in nature, 
were birthed in a 16-bit, nonthreaded, 
non preemptive OS. Now they're expect­
ed-required even-to participate in an 
OS that has all these characteristics. This 
is not a simple metamorphosis. 

The Crand Illusion 
A virtual machine (VM) is an illusion . 
Specifically, the illusion is that a given 
process "thinks" it has exclusive access 
to all a computer's hardware. This in­
cludes memory, 1/0 ports, interrupts, and 
whatever other components the process 
chooses to manipulate. VxDs help to cre­
ate this illusion. 

Two kinds ofVMs existed in Windows 
3.1: DOS boxes and the Windows VM 
itself. (The latter is called the "System 
VM"-within which runs all Windows 
applications.) A third software entity, the 
VM manager (VMM), though not a VM 
itself, acted as the chief supervisor for 
active VMs and VxDs. For example, the 
VMM had the job of handling the pre­
emptive time-slicing among the execut­
ing VMs. 

Additionally, any VxD that was to serve 
as the virtualizing mechanism for an 1/0 

device had to reg iste r itse lf with the 
VMM. So, if a VxD wanted to act as the 
handler for a particular 1/0 port, it had 
to ask the VMM to "hook" that port. Sub­
sequently, whenever a Windows appli­
cation attempted access on that port, an 
exception was sent to the VMM, which 

Calling aVxD 
16-bit Applications 
0Application calls Windows, passing 

it the desired VxD's ID. Windows returns 
VxD entry-point address. 

'J 
Application Windows VxD 

@using the entry point, the application 

can call the VxD directly. 


, .!..,...._. r;r, ..­
Application ~ VxD 

would pass the access request along to 
the appropriate VxD. 

Under Win 95, life is much the same, 
but better in key ways. There's still one 
VM per DOS box and still one VM for all 
the Windows processes. But now some 
of the Windows processes are Win32 
applications with more capabilities than 
the Win32s progra ms of Windows 3.x. 

This produces a variety of new twists 
that VxD designers must be aware of. For 
example, Win32 applications in Win 95 
can be multithreaded. No longer must a 
VxD be aware only ofwhich VM requires 
service; there are occasions wherein a 
VxD must discover which thread within 
a particular VM needs help. 

By the way, some readers might sus­
pect that each Win32 application is its 
own VM in Win 95, as I first did. This 

turns out not to be the case. Each Win32 
application runs as a member of the Sys­
tem VM, though with its own address 
space. 

More important, a successful VxD in 
Win 95 had better be prepared to coop­
erate with old 16-bit Windows applica­

Win32 Applications 
0Application calls the CreateFile() 

routine with the VxD's name as 
the argument. Windows 95 returns 
a handle. 

IN32 

Application Windows VxD VxD 

@using the handle, the application sends 
commands to the VxD using DeviceloControl(). 
This call is actually routed through a "helper" 
VxD, VWIN32. 

tions as well as with new 32-bit Win32 
applications. And when it comes to VxDs, 
"cooperation" can mean a number of dif­
ferent things. 

The Old Way 
Although VxDs can hook 1/0 ports and 
interrupts and perform other ring 0 feats 
to virtualize the hardware, this turns 
out to be only part of what VxDs do on 
behalf of applications. VxDs can also pro­
vide callable AP!s so that an application 
can directly petition a VxD for services. 

In Windows 3.x, it's possible to get at 
a VxD's API via interrupt 2Fh. I demon­
strated how to do this in "The Software 
Stopwatch" (April 1995 BYTE), where I 
described how you can access the AP! of 
Windows' virtual timing device. 

This mechanism still works in Win 
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95, provided you use it from a 16-bit ap­
plication. In fact, Win 95 allows a varia­
tion: Rather than loading the device ID 
in the BX register, you set the BX register 
to zero and place a pointer in the ES:Dl 
register pair. This pointer references an 
eight-character, blank-padded, upper­
case string, which is the name of the VxD. 
As before, after your program issues an 
INT 2Fh instruction, the address of the 
VxD's AP! is returned in ES:Dl. 

Unfortunately, you can't use the INT 
2Fh technique from a Win32 application. 
In fact, Win32 applications can't execute 
software interrupts, period; they ' ll crash 
if they try. 

Does this mean that Win32 applica­
tions and VxDs live on opposite sides of 
an uncrossable digital chasm? A VxD can 
still do such things as virtualizing 1/0 
ports on behalf of a 32-bit application, 
but what if you want to allow your VxD 
to expose its AP! to Win32 programs? 
Thankfully, your VxD can provide both 
a 16-bit and a 32-bit AP!, and thus play 
happily with 16-bit Windows applica­
tions as well as Win32 applications in the 
Win 95 environment. 

TheNewVxD 
Whenever an event occurs of which a 
VxD must be notified, that VxD is sent 
a control message. These messages can 
come from the VMM or other VxDs, and 
they are processed by the VxD much as a 
Windows program processes Windows 
events. Ordinarily, these messages tell the 
VxD things such as, "An application is try­
ing to access an 1/0 port that you said 
you'd handle. Here's the info ... take care 
of it." 

Win 95 adds a new message, W32_DE­
VICEIOCONTROL. This message is sent 
to the VxD in response to a Win32 appli­
cation's issuing a De vi celoCo nt r ol () 
to the VxD, and it's the mechanism 
whereby a Win32 application can call a 
VxD directly. 

From the Win32 application's stand­
point, it must first obtain a handle to the 
particular VxD by calling (oddly enough) 
the Cr eat e Fi le ( ) routine. Ordinarily, 
this function is used to create or open disk 
files. But if your program prefixes the file­
name with\\.\ when making the call, the 
system recognizes that the filename cor­
responds to a VxD name. (Of course, in 
c or c++, backslash characters appear­
ing in a string must be prefixed with more 
backslash characters, so \\.\ becomes\\\\.\\. 
Oh, well.) 
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The CreateFi le ()call returns a han­
dle-in this case, it's a handle to the VxD. 
The application can then use this handle 
In subsequent calls to Dev i ce I oCo n ­
t ro l () to send messages to the VxD. 
(Calling Device I oCo nt ro l ( ) actually 
calls an "intermediary" VxD, VWIN32, 
which in turn calls the control-dispatch­
entry point of the VxD on behalf of the 
application.) 

Device IoCont r o l () provides param­
eters for informing the Vx D of which 
function to perform, as well as input 
and output buffer pointers for transfer­
ring data between the application and 

How Does It Know? 

How does Windows know 
where the VxD's entry 
point is? The DOB (device 
descriptor block) is stored 
in the VxD and examined 
when the VxD is loaded. 
It contains, among other 
things, the VxD's API entry­
point address. 

Once a VxD's handle count reaches 
zero, the system issues to the VxD the 
control message SYS_DYNAMIC_DEVICE 
_EXIT, tellingitin essence: "You're about 
to be unloaded ... please clean up before 
you leave." Once the VxD processes this 
message, the system unloads it. 

VxDs Forever 
Of course, we haven't quite closed the 
loop here. For any of this to work, the 
VxD authors have to craft the additional 
handlers to process the W32 _ DEVICEIO­
CONTROL message. Although building 
a separate route into the VxD's AP! might 

the Vx D. (We won't show Dev i ce Io · 
Co nt r ol ( )'s function prototype here; 
you can easily find it in any Win32 refer­
ence manual.) 

Dynamic VxDs 
There's an additional benefit that comes 
from using Devi celoCo ntrol () to com­
municate with a VxD. If you step back 
into Windows 3 .1 for a moment, you dis­
cover that VxDs are statically loaded. 
That is, all the VxDs a system will use are 
loaded when Windows starts up, and 
they hang around for the lifetime of Win­
dows' execution. 

Win 95 (and Windows for Workgroups 
3.11) allows for dynamically loaded (and 
unloaded) VxDs. When an application 
issues a Create Fi l e ( ) call to access a 
VxD, the system keeps track ofhow many 
handles are open on each VxD. When 
an application is terminating, it should 
issue a Cl o s e Hand l e ( ) call to release the 
VxD's handle, which causes the system to 
decrement the handle count. (It's impor­
tant to note that the handles associated 
with a process are automatically called 
when the process exits.) 

be something of a pain, it will likely be 
a well-trodden route as the number of 
Win32 programs multiplies. 

Actually, this separate route is not real­
ly separate at all. A VxD will already have 
a control-dispatch handler in place to cap­
ture incoming messages sent to it by the 
VMM. Typically, this amounts to a jump 
table that pairs event codes with han­
dler routines. Once the code to deal with 
W32_DEVICEIOCONTROL messages is 
written, it should be a simple matter to 
insert an additional entry into the jump 
table to complete the wiring. 

With the Devi ce I oCont r o l () calling 
mechanism, there is no reason wh y 
Win32 applications have to be left out in 
the virtual cold. liJ 

Rick Crehan is a BYTE senior technical editor 

with an M.S. in mathematics/computer sci­
ence. You can reach him by sending e-mail to 
rick_g@bix.com. 
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Avoid Memory Leaks. 

Avoid The Maze. 


Stop spending time debugging memrny 
leaks and premature frees in your C and C++ 
programs. Automatica lly eliminate them with 
G reat C ircle. 

C hasing down and fix ing memory leaks 
and premature frees--even when you've 
already checked for leaks with the best 
debuggers--is extremely time-consuming 
and frustrating. And just when you think 
you've found the very last leak, you run into 
another one-blocking you from delivering 
a completely leak-free program. 

G reat Circle puts an end to all that. 
Instead of simply identify ing memory leaks 
and premanire frees, Great C ircle eliminates 
them-automatically. 

Automatically Eliminate Leaks 
Without Sacrificing Any 
Performance Or Control. 

Simply link your program with G reat 
Circle and you'll eliminate the memory 
leaks and premanire frees. A ll of them. 
Without impacting the performance of your 
program. W ithout changing a line of code. 
Without recompiling. 

And we're not just talking new code, 
we're talking legacy code and third party 
libraries - even when you don't have the 
source code. 

To answer more of your questions: 
1) you don't sacrifice any control or flexibili ty, 
2) you don't need to change your program­
ming style, and 3) while G reat C ircle can 
provide a full report, it's des igned to eliminate 
memo1y leaks, not simply identify them. 

The Futu re Of CIC++ 
Is Five Minutes Away. 

In just five minutes-which is how long 
it takes to leam and use G reat C ircle-you'll 
be a part of the future of C/C++ . A future 
where programmers are saved from the time ­
consuming drndgery of manually finding 
and fix ing memory leaks. A future where 
computers deallocate and free memory by 
themselves. A future where programs are 
100% leak-free. 

And once you're part of this future, 
you'll never want to go back to the old way 
of detecting and fix ing memory leaks. 

Try Great Circle Risk-Free 
With Our "Leak-Free" 
Guarantee. 

"If your C or C++ program leaks or 
prematurely frees memrny after linking with 
G reat C ircle, simply return Great Circle;--­
within 90 days of the receipt date-and 
we'll refund the entire purchase price. 
No questions asked." 
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That's not simply a promise; it's our 
"Leak-Free" guarantee. Every word of it. 
No more ifs, ands, or leaks. 

Eliminate All Your Leaks 
With One Phone Call. 

To order your risk-free copy of 
G reat C ircle-or for more infonnation­
call 800-360-8388 (Internationally, call 
312-728-7196). You can also e-mail us at 
info@geodesic.com or visit our web site at 
http://www.geodesic.com. 

Order G reat C ircle today, because while 
a maze might be an enjoyable challenge, 
it's no longer the best way to deal with 
memory leaks. 

from 

6-eod-esic s~sternS © 

800-360-8388 


312-728-7196 (IL) 

e-mail : info@geodes ic.com 


VISIT OUR WEB SITE: http://www.geodesic.com 
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Polywell' s 333- MHz Alpha Workstati on 

Depending on yo ur ct ppli ccttion. Poly we ll «'.l 333 -MHz Alphct workotctti on 

cctn mi <1e Wind ow6 NTto new level6. By Selinda Chiquoine 

NT Flies at 333 MHz 

po rting the fastes t CPU we've 
eve r rested , Po lywe ll 's Po ly 
333 P-A sho u ld make a great 
Windows NT wor kstatio n . 

With some NT applications, however, the 
Po ly 333 P-A fe ll beh ind a Pentium Pro 
machin e running a t mu ch lowe r c lock 
speeds. 

Digita l Equi pment's333-MHz2 I 164A 
Alpha CPU is a 0.35-micron ve rsio n o f th e 
0.5-micron 2·11 64 wi th support fo r 8- and 
16-bit loads and stores to imp rove x86 
emu latio n perfo rmance. Late r this yea r, 
D ig ita l w ill in troduce FX!32, an em ul a­
t io n / t ranslat io n tec hn o logy fo r 32-b it 
x86 app licatio ns, w hi ch should increase 
the number o f NT app licat io ns you can 
use on the Alp ha p lat fo rm . 

T he Po ly 333 P-A's mo th erboa rd uses 
an L3 cache th at ho lds 2 MB of synchro­
nous static RAM (SRAM) on a 128-bir data 
path. T his is besid es the 2l 164A's built­
in 96 -KB three-wa y se t- assoc iat ive L2 
cac he and 16-KB LJ cache. T he mo ther­
boa rd conta in s two .12 -bit PCI slo ts, two 
64-bi t PCI slots, and three ISA slots (o ne 
shared). 

O ur sys tem had 64 MB of 70-n ano­
seco nd pa rity-checking RAM (Po lywe ll 
offe rs up to I GB). T he 4. 3 -GB SCS I-3 
Q uantum Grand Pr ix ha rd d ri ve sp ins 
at 7200 rp m and co nn ects w ith a 16-bir 
co nnect io n to QLogic 's fast and w id e 

Polywell's screamer is loaded t o t he max with up to 1 GB 

of RAM and a 4.3-GB hard drive that spins at 7200 rpm. 

"' "' "' 

co nt ro ll e r (20-MBps t hro ughput) . A 4­
MB Diamo nd M ultim edi a Stea lth 64 
vid eo card supporred our test mode: 1024 
by 768 pi xe ls wir h 24-bit co lo r. 

BYTEmark proves that the 333-MHz 
21 164 A Alp h a c hi p has pl enty o f raw 
speed. H owever, Bapco's SYS mark NT, 
an app lications-based rest sui te, put the 
Poly 333 P-A behin d a 200-MHz Pentium 

Pro De ll Dime nsio n XPS Pro200 by 13 
percent, on average . The 211 64A's 96-KB 
L2 cache (co mpared to the Pentium Pro 's 
256-KB cache) may no t be large enough 

RATINGS 

TECHNOLOGY 


I MPLEMENTATION 


PERFORMANCE 
 * * 
to handle the context switches ca used by 
t he Windo ws NT 3.51 API. (Thi s prob­
lem sho u ld go away with NT 4.0 .)The 
Poly 333 P-A perfo rmed remarkably bet­
ter on ly with the CA D test, where intense 
float ing-p o int ca lcu lati o ns come into 
p lay. Save the Poly 333 P-A for 3-D mod­
e lin g a nd CA D, o r if yo u wa nt to run 
Open VMS o r OS/Fl, wh ich Polywell also 
supports. Ill 

Selinda Chiquoine is a former BYTE technical 

editor. You can reach her 011 the Internet at 

selinda@bix.com. 
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NEC flat-panel monitor 

N£C'6 ulat-panel LCD300 monitor ouuen a cri6p color di6play 
while wvins you de6k 6pace. By Su6an Colwell 

Big Picture, Little Box 

he prove rb "one picture is 
worth more tha n ten th o u­
sand words" applies to NEC 
Technologies' LCD300 mon­

itor. You have to see it to believe it, so 
we can barely do justice to it here. 

The 13-inch active-matrix LCD sup­
ports a resolution of 1280 by 1024 pixels 
with a true-color depth of 24 bits (1 6.7 
million colors). With this high resolution, 
a refresh rate up to 72 Hz, and a dot pitch 
of o nl y 0.20 millimeters, the images are 
sharp and clear. Besides color clarity, you 
get the added bonus of a small footprint; 
the monitor weighs in at only 8.8 pounds 
and has a depth of 6.7 inches, leaving you 
room to spare o n your deskto p. The 
monitor's o nly hefty feature is its $5999 
price rag. 

Although the LCD300 costs half of 
what it used to, it's still well above the 
cost of a CRT monitor. In the pas t, the 
steep price was due to the complex ity of 
the LCD techno logy and co mpatibility 
issues with graphi cs cards. Now the unit 
uses a sta ndar d a na log signal, whic h 
means it ca n di sp lay unlimited co lors 
sim ultaneously and works with any stan-

TECH FOCUS 
An Analog LCD? 
To work with PC graphics cards, the NEC 

"' LCD300 takes a standard analog signal (0 "' "' 
to 0.7 V). The continuous nature ofthis sig­

nal means the LCD300 can read an infi­

nite number of colors. While it's unusual 

for an LCD panel to use an analog signal, 

the technologically hard part is designing 

a panel responsive enough to handle CRT 

refresh rates. The LCD300 must refresh all 

its pixels (1280 by 1024) 60 to 72 times 

per second; this means the LSI drivers that 

control the panel must handle a signal fre­

quency of between 96 and 126 MHz, un­

usually high for an LCD. 

NEC's 13-inch active-matrix LCD300 desktop monitor produces 

high-quality images at a resolution of 1280 by 1024 pixels. 

dard Video Electronics Standards Asso­
ciation (VESA) graphics card. 

Ri ght from th e sta rt , we loved th e 
LCD300's compactness. It's easy to han­
dl e a nd se t up-you just have to con­
nect its five color-coded BNC plugs. To 
test the monitor at its recommended 1280 
by 1024 reso lution , we used a 60-MHz 
Pentium Zeos Pantera running Windows 
95 with an NEC-supplied Matrox MGA 
M illennium graphics card installed. 

On star t-up, we discovered that the 
LCD300 is not plug and play, which isn't 
a problem if you know the right video­
mo de se ttin gs for your graphics card. 
NEC's documentation wasn't up to date 
on the Matrox settings, but the compa­
ny assured us that this data will be avail­
able on its FastFacts line ((800) 366-0476) 
and Web page. 

Once the monitor was running a t 
1280 by 1024, the clarity of its fl at, flick­
erl ess screen was imp ressive. The text 

is sharp but small, and yo u have to sit 
fairly close to appreciate its clarity. With 
some appl ications, using larger fonts im­
proves the readability. 

To position and loc k an on-screen 
image, you press the control buttons on 

SCORES 

TECHNOLOGY 


IMPLEMENTATION 


the back of th e monitor. We'd prefer to 
have them on the front. The mode set­
tings are also on the back. 

Overall, the LCD300 is ideal for those 
who work with complex graphics and 
high-color images. Its small size and sleek 
design give it a personal fl a ir that com­
mands your attent ion. The only draw­
back is its high price. Ill 

Susan Co lwell is a BYTE technical edito r. 

You can. contact her by sending e-mail to 

scolwell@bix.com. 
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magnified 25x 

Notice there's no asterisk 
to qualify that statement.ill No ifs, ands, °' bots. Jost 

pure, unbridled speed. Period. 

BES That's the Dell Dimension XPS 

Pro20Dn. The breathtakingly fa st machine 

that prompted PC Computing to reachfor 

oxygenas th ey remarked, " ... it's the fastest 

Intel-basedsystem we've ever seen-hands 

down:· And in comparing the perfo rmance 

of this Pentium Pro to that of the Pentium. 

they sa id, ''. .. exceptional - more than double 

that of the 133MHz Pentium." 

If you're a 32-bit power user, give us a 

call. We'll set you up with what they're 

calling the ultimate Pentium Pro syste m. 

You know, the one with no asteri sks . 

l iiiil;J.h;l ffij!I 
800-545-6094 
In Ca nada~ call 800-839-0148 

Mon-Fri 7am-9pm CT • Sat 10am-6pm CT 

Sun12pm-5pm CT • http://www.de ll.com/ 

I Keycode #01115 1 

http:http://www.dell.com
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It runs with · · ' ' Wfi.J~• '" 
NetWare · · · · · cOM~1111llE'" Mac OS 

Each year, the illegal use of software 
consumes nearly50%of your potential 
revenues. With the flames of piracy 
eating awayat your profits,can you 
afford not to protect your software? 
Software Obtained Illegally, by region, 1993 vs. 1994 

$666,440,105 
392,687,055 

$3,963,527,364 
4,350,981 ,640 

$4,900,882,960io-.!!!!'!!'_________ ,,6,002,681 ,255 

$821 ,992,751 
1,334,894,665 

$2,487,300,944i 
3,131,455,600 

HASP®is widely acclaimed as the 
world's most advanced software 
protection solution. Since 1984, 
thousands of leading developers 

Source: BSA 

have used over two million HASP keys 
to protect billions of doll ars worth 
of software. 

Based on a fu/1­
custom ASIC, 
the new 
HASP key 
redefines industr 
standards of security, 
reliability and compatibility. 
And because it's the smallest 
software protection key in the world, 
it's also easier on your clients! 

Today, more developers are choosing 
HASP than any other software 
protection method.To learn why, and 
to see how easily you can increase your 
revenues, call now to order your HASP 
Developer's Kit. 

1-800-223-4277 
http://www . aks.com 

D .111]11111 
The Professional 1s Choice 

Aladdin Software Security Inc. 
·1e1: (800) 223 4277, 212-564 5678 
fax:2 12-564 3377 
E-mail: hasp.5ales@u5.aks.com 

lnt'I Office Aladdin Knowledge Systems Ltd. 
·1el: 972-3­636 2222, Fax: 972-3-537 5796 
E-mail: ha5p.5a les@aks.com 
Aladdin Knowledge Systems UK Ltd. 
Tel: 01753­622266, F:Lx: 01753­622262 
E-mail: sales@aldn.co. uk 

• Aladdin Benelux 024 641 9777 • Al addin France 14085 9885 • Aladdin Japan Tel: 0426 60 7191 • Ala ddin Ru ssia Tel: 095 923 0588 • Australia Conlab 3 98985685 • Chile 
Micrologica 2222 1388 • China Shanghai URI 021 6437 7828 • CzechAlias 2766085 • Oenmail< Berendsen 39 577316 • Egypt Zeineldein 23604632 • Flnland ID-Systems 0870 3520 
• Germany CSS 201 278804 • GreeceUnibrain 16756320 • Hong Kong Hastings 02 5484629 • India Solution t 1 2148254 • Italy Partner Da~ 226 147380 • Korea Dae·A 2848 4481 
• Mexico Si Soft 52087 472 • New Zealand Training 45666014 • Poland Systhcrm 61 480273 • Portugal Futurmatica 141 16269 • Romania lnteractiv 64 153112 • South Africa 
D Le Roux 11 886 4704 • Spain PC Hardware 3 4493 193 • Switzerland Opag 61 71692 22 • Taiwan Teco 2 555 9676 • Turkey Mikrobeta 312 467 0635 
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VDOnet Internet video software 

Th e promi6e i6 real-time vid.eo overthe Intern et: the reality i6 leM exciting. 
By Stephen Satchell and H. B. ]. Cliuuord 

Internet Video: Small Isn't Beautiful 
o n' t se ll your cable-TV stock 
just yet. Internet video broad­
casts for your PC are in their 
infan cy, wai tin g for better 

communications lin ks. 
VDOn et's VDO Live software prom­

ises over-the-Internet real-time playback 
of audio a nd video material on PCs and 
Macs. The co mpan y claims slow video 
and AM -quality sound over a 14.4-Kbps 
connection, up to J0 to 15 frames of vid­
eo per second ove r a 28.8-Kbps lin k, and 
even better video and sound over faster 
hookups. Don'tconfuse this w ith video­
co nfe rencin g products like CU-SeeM e 
(Corn e ll Univ ers ity/ W hite Pin e Soft­
ware), wh ich are designed for meetings 
where multiple participants contribute 
sound and video. 

We dow nl oaded version 1.0 o f th e 
VDOLive viewer for Windows 95 from 
th e Web. When we went to vi ew a c li p 
on a co mputer lac k in g a so und card, 
VDOL ive co mpl a in ed but showe d us 
silent video . Although VDOLive's screen d o ubl e the size of th e viewe r wind o w With a 28 .8-Kbps lin k o n a 486DX2/ 
is tiny-o nl y 160 by 120 pixe ls- you can to ease the eyestrain. With N etscape 2.0, 66, the audio wou ld occasio nally break 

the VDO Li ve plug-in puts integrated vid­ up and we experienced far fewe r video 
eo o n a Web page. fram es th an VDO net cl ai ms- 3 frame s TECH FOCUS W hen we ran VDOLive using an SVGA every 5 seconds was typical. This prob ­
board at 256 colors, the picture was some­ lem appeared to be mostly caused by our 

Working the Video Stream times muddy and dark, and other times particular Internet link rather than by a 
To test whether our VDOLive problems acceptably bright. T he da rkn ess was es ­ flaw in e ither the server or the viewer. 
resulted from a poor Internet link, we pecia lly annoying with a net\vork news Our experience indicates the I nrernet 
downloaded Stream Works from Xing Tech­ feed shown on a bright-white sur round­ isn' t ready for rea l-time audi o and video 
nology (Arroyo Grande, CA) onto a Mac llci ing, a lthough with the stand-alone play- without a faster-than-modem-speed con­
with 256-color video. Using the same Inter­ necti on. During a few near-perfect mo­RATINGS 
net service provider (ISP), we got results dem sessions, VDOLive delivered a few 

TECHNOLOGY
similar to VDOLive's. The Stream Works pic­ frames pe r second. H oweve r, a hi gh­* * * * IMPLEMENTATION 
ture is about the same size as the VDOLive speed lin k is cl early crucial. ISDN users * * * PERFORMANCE
picture and displays the same murkiness; should see far better frame ra tes and au­* * 
we also experienced audio breakup. These er you can manipulate the desktop back­ dio quality. rn 

symptoms led us to believe that packets ground for easier viewing. Sometimes the 

were being delayed, starving the player image quality was quire high with co n­ Stephen Satchell is president ofSatchell Eval­


software of data. In addition, Stream­ siderable de ta il , whil e at other times it uations (Incline Vi llage, NV) . You can reach 


Works' diagnostics indicated we had net­ was heavily pixelated and uninforma tive. him on the Internet at satchell@accutek.com. 


work-throughput problems. Overall , VDOLive worked best with ta lk­ H. B.]. Clifford is editorofthe newsletter Sep­

ing heads and bright scenes. rel. You can reach her on BIX c/o "editors. " 

Actual size! This is how a VDOLive image looks 


on a 15-inch monitor running at 800 by 600 pixels. 
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PowerBook Duo 2300c/100 

£quipped tor the tir6 t time with a PowerPC chip. Apple ' 6 dockable Duo 
notebook can keep up with de6ktop Mac6. By G. Armour Van Horn 

Apple's Desktop Replacement 

iven the price premium of a 
notebook/docking setup 
compared to an equivalent 
desktop PC, it's fair to ask 

how a docked notebook rates solely as a 
desktop system. In the case of Apple's 
PowerBook Duo 2300c/100 and its Duo 
Dock Plus docking station, the answer 
is "very well." 

The 2300c/100 is App le's PowerPC 
update to its 4.8-pound Duo notebook. 
It's built around a 100-MHz 603e, the low­
power chip designed for portables. 

Our test system came with a 1.1-GB 
hard disk and 20 MB of RAM, for around 
$4600. (The standard is 8MB of RAM and 
a 750-MB drive.) The 9.5-inch, 640- by 
480-pixe l, active-matrix color LCD is 
clear and bright, usable in most indoor 
environments and outside in the shade. 

The App le trackpad is smooth and 
accurate, once you learn to keep only one 
finger in contact with the pad. T he 
Power Book Duo 2300c/100 has no pro­
vision for PC Cards in any configuration, The Duo 2300's nickel-metal-hydride notebook from the docking station, but 
although Newer Technology (Wichita, battery lasts two to four hours and only if you've properly shut down. 
KS, (800) 678-3726) has docking products recharges in as little as two hours. We ran the Duo 2300 with an Apple 
that offer PC Card connections. T he Duo Dock Plus complete ly Multiscan 15 monitor, keyboard, mouse, 

encloses the 2300, so you add a standard CD-ROM drive, and an Apple auxiliary 

TECH FOCUS Apple keyboard, the pointer of your 
choice , and a standard monitor. The 

Cold Dock dock's built-in floppy drive is on the side, 
Apple's 68K-based Duo notebook/Duo and standard Macintosh ports are on the 
Dock was the first well-integrated docking back. The Duo Dock Plus has two NuBus unit interface (AAUJ) network connector; 
system. But Intel-based notebooks have, in slots and can hold a single 1-inch-high, we had no problem accessing any 
one sense, surpassed Apple's. 3!.1-inch SCSI hard drive. resource on our local network. 

Running Windows 95 with its imperfect You must first shut down the Duo Running the BYTEmark CPU test 
Plug and Play, many Intel-based docking before docking it (a cold dock); docking showed that the 100-MHz 603e gives 
systems allow warm and hot docking­ in sleep mode prevents connection to roughly three-fourths the integer per­
docking in suspend and active mode, storage and network resources. When formance of a 100-MHz Power PC 604. 
respectively. Its PowerPC 603e brings the you insert the closed Duo in the front of Now that the Duo runs the 603e chip, 
Duo 2300c/100 up to date performance­ the dock, a motorized mechanism pulls Apple's docking setup can keep pace with 
wise, but it still supports only cold docking, it firmly into place. When you turn the desktop Power Macs. Iii 
which. means you have to turn the note­ notebook back on, it automatically rec­
book off first. Apple chose this route for ognizes and handles the attached periph­ G. ArmourVan Horn is a production artist and 
backward compatibility. erals-as any Mac user wo uld expect. consultant in electronic imaging and prepress. 

Pressing a front-panel button ejects the You can reach him at vanhorn@bix.com. 

Housed in the Duo Dock Pro, Apple's 4.8-pound PowerBook Duo 

2300c/100 notebook becomes a credible desktop replacement. 
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STANDARD FEATURES----------­
• I33MHz Mobile Intel Pentium®processor 
• Intel 430MX PCiset 
• 256KB L2 pipelined burst cache 
• 16MB EDO memory (48MB max.) 
• 4X modular CD-ROM drive 
• 11.3" SVGA color display, 800 x 600 
• PC! graphics accelerator, I MB RAM 
•Pick-a-Point"' dual pointing devices 

integrate both pointing stick and touchpad 
• Removable EIDE hard drive (l.2GB max.) 
• 3.5'' modular floppy drive 
• Intelligent modular lithium-ion battery 

• SoundBlaster™16-bit stereo sound 
• Built-in stereo speakers and microphone 
• 2 Type ll or one Type HI PCMCIA slots 
• S-Video and NTSC video-outputs 
• Headphone, microphone and line-in jacks 
• 2 infrared ports, one front, one back 
• Parallel , serial , VGA and 2 PS/2 ports 
• Dimensions: 11.7" x 9.4" x 2.0", Weight: 6.9 lbs. 
• Nylon carrying case 
• Microsoft®Windows® 95 CD & MS Plus! CD 
• Microsoft Office Pro 95 and Bookshelf 95 CDs 
• 5-year/3-year Micron Power" ' warranty* 

MILLENNIA TRANSPORT P133 
• Intel I33 MHz Pentium processor 
• 11.3" active matrix color display, 800 x 600 
• 32MB EDO memory (48MB max.) 
• I .2GB removable hard drive 
• 2nd intelligent modular lith ium-ion battery 
• Motorola®Montana 28.8 fax/modem 

$5, 799 Business lease $182/month 

• Intel I33MHz Pentium processor 
• 11.3" active matrix color display, 800 x 600 
• 16MB EDO memory (48MB max.) 
• I.2GB removable hard drive 
• 2nd intelligent modular lithium-ion battery

54,899 Business lease $167/month 



•5-year limited warranty on microprocessor and main memory 
•3-year limi1ed parts-only syslem warranly 
• 30 days of free Micron-suppl ied software support 
• 30-day money-back policy 
• 24-hour technical support 
All sales arc subject to Micron's standard limi1cd warran1ics and tenns and conditions of sale. 
Copies of the limi!cd warranties may be obl:line<l by calli ng Micron. 

:::==• 
~ ::~s! 

....... jl!
............. 

Micr osof t• 

Windows"95 
 800-250-5807 

http://www.mei.micron.com
900 E. Karcher Road , Nampa, ID 83687 
Mon-Fri 6am- 10pm Sat 7am-5pm (MT) 

24-hour technical support 
208-893-3434 •Fax 208-893-3424 
Purchase Order Fax 208-893-8992 

© 1996 Micron Electronics, Inc. All rights reserved. All prices and specifications subject to chango without notice. Micron Electronics, Inc. is no! responsible for 
omissions andlor errors in typography or photography. Micron Power is a service maf1c; Millennia TransPort, Pick-a-Point. MicronDock, MicranExec and FlexOpt 
are trademarks of Micron Electrnnics Inc.. Intel. Intel Inside and Pentium are regis1e1ed trademarks ol the Intel Corporation. Microsoft is a registered ttademark 
and Windows 95 and the Windows logos are trademarks ct Microsoft Corporation. An other oompany !rademarks a1e trade names of each respective company. 
Prices do not include shipping and handling. 30-day money·back policy does not include return freight and original shippingfhandling charges, applies only to 
Micron brand produc1s and bQgins tram da1o of shipment. AU returns require AMA numbers and must be shipped in the original condition prepaid and insured. 
Lease prices based on 36·month leaso. TRNS·BYTE·9606 
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ELECTRIC 

MONEY 


Cat:.h, checkt:., and coupont:. are all going 

digital. Here are the technical 

underpinningt:. ou tomorrow't:. legal tender. 

By UdoFLohr 

microbit saved is a microbit earned. Machine time 
is money. Bitwise and byte foolish. IfBen Franklin 
were alive today, Poor Richard's Almanac-the 
CD-ROM version-might brim with homey advice 
about electric money. But don't think the differ­

ences between traditional currency and the coming electronic 
versions are as superficial as updating our economic lexicon. 
The changes under way in our monetary system will funda­
mentally alter how consumers interact with businesses and how 
businesses interact with one another. 

What will be the most sweeping change brought on by an 
electronic economy? Money may no longer be controlled exclu­
sively by central authorities-like the U.S. Treasury-that are 
tied to individual political systems. In its place will be digital cur­
rency "minted" by companies responsible for keeping it secure 
and valuable (see the text box "H ow to Make a Million Dollars" 
on page 76). If this sounds farfe tched, check out DigiCash bv, an 
Amsterdam company that already implements this vision. Mark 
Twain Bank of St. Louis, among others, licenses DigiCash tech­
nology and has been circulating its own E-cash since last fa ll. 

So if electric money is already legal tender, why did the U.S. 
Treasury just issue a new $100 bill instead of shutting down the 
printing presses? We need to resolve four technology issues before 
consumers and merchants anoint electric money with the same 
real and perceived value as our tangible bills and coins. The key 
areas are: 

• Security: For on-line transactions, transferring funds, and 
minting electric currency. 

• Authentication: So buyers and sellers can verify that the 
electric currency they receive is rea l. 
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Transactions between consumers and retailers rep­
resent only a small section of the electric-money infra­

structure. Peel away this layer and you'll find intercon­
nected public and private networks that extend to banks, 
financial-service companies, Electronic Data Interchange 
(EDI) networks, manufacturers, and distributors. 

1. Consumer: The catalyst for electronic commerce. 
Mouse-clicks by a home shopper can send orders that 
energize companies at all ends of our domestic and inter­
national economies. 

2. Retailer: The point of contact for consumers, banks 
and financial 0rganizations, distributors, manufacturers, 
and suppliers. 

3. Credit-card companies: They help merchants ver­
ify credit cards at the point of sale and collect reim­
bursements later. This is usually done over dedicated 
networks, which can handle almost any currency and 
work with a variety of banks across the globe. 

4. Banks/financial-services companies: An interbank 
clearinghouse coordinates financial transfers between 
banks. U.S. banks use the Automated Clearing House 
(ACH). Local banks register payments in a database, 

0 

which are then exchanged overnight. 
S. EDI service companies: Most EDI transactions still 

use dedicated lines or value-added networks (VANs) 
run by commercial services. However, EDI also could 
work over the Internet. 

6. VANs: Special-purpose networks for electronic 
commerce using EDI or credit-card transactions. VANs 
might connect with Virtual Private Networks (VPNs) 
across the Internet. 

7. VPNs: For transactions among parties in the same 
organization or with companies that have continuous 
relationships, such as distributors (8), manufacturers (9), 
and materials suppliers (10). VPNs can be direct private 
links among divisions and companies, or you can create 
one via a special Internet connection with an encryption 
tunnel. Network administrators sometimes build these 
tunnels by integrating encryption schemes into bridg­
ing, routing, or modem hardware. 

11 . Internet: The common denominator for electric­
money transactions among consumers, retailers, and 
suppliers. 



Retailer 

Firewall 

Forms-based 
transactions 

VAN 
(value 
added 

The Money Pipeline 

EDI services 
company 

Materials suppliers 
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Cove' Sto'y IElectric Money 

• Anonymity: To assure that con­
sumers, merchants, and the transactions 
themselves remain confidential. 

• Divisibility: So electric money will 
come in cent or less denominations that 
can make high-volume, small-value trans­
actions on the Internet practical. 

Who Will Profit? 
Both consumers and merchants could see 
a w indfall if these problems are so lved. 
For merchants, a secure and easily divisi­
ble supply of electric money will motivate 
more Internet surfers to become on-line 
shoppers. Electric money wi ll also make 
it easier for smaller busi nesses to achieve 
a level of automation already enjoyed by 
many large corporations whose Electronic 
Data Inte rc hange (EDI) heritage means 
streams of electronic bits now flow instead 
of cash in back-end fi nancial processes. 

For consumers, electric money means 
greater efficiency than using hard cur­
rency, paper bills, and traditional banks. 
Automation also brings the convenience 
of 24-hour, seven-day banking and shop­
ping wi th ho me PCs tied di rec tly to a 
bank's (or other financial service's) com­
puters. Electric money also co uld offer 
greater secu rity than a paper-and-coin sys­
tem. Imagine being able to make a back­
up copy of your fu nds: If you lose your E­
cash, you can get it back wi th a fi le-copy 
command. Ifsomeone steals your electric 
money, you can invalidate th e serial num­
ber just as yo u now stop pay ment on a 
paper check. And you never have to won­
der where this month 's salary went: Just 
reconstruct your e- mail log to see where 
you sent each digita l cent. 

Because so many d iffere nt types o f 
individuals- from home shoppers to cor­
porate purchasing agents- wi ll be spend­
ing electric money, digita l currency will 
come in many for mats (see the text box 
"Colors of M oney" on page 78 ). These 
manifestations will be only small compo­
nents of a larger monetary system tuned 
for electronic t ransactions (see the figure 
"The M oney Pipeline"). For it to succeed, 
the underlying fi nancial network needs to 

be open, scalable, and able to interweave 
consumers with retai lers, materials sup­
pliers, and financial insti tutions. T his quilt 
will extend over the Internet and across 
private LANs, value-add ed networks 
(VANs), and intranets. 

Within this system, consumers will use 
dedicated payment software and hard­
ware or general-purpose client software, 
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1Perhaps you want to use digital coupons 
to launch a sales promotion. First, set up 

a server. In most cases, you'll need a 
486/ 66 or better PC or a PowerPC-based 

How to Make 
Macintosh (with 8 MB of RAM and a 500-MB 
hard drive) and an Internet connection. 

a Million 
Dollars 

Digital coupons and vouchers can be 
important ways to generate sales 

for your company in the years ahead. 
For example, you might create your own 
currency for promotiol'ls or to supply 
services withowt using money to regu­
late the exchange. It's not the same as 
printing a million dollars, but used effec­
tively, private money could help you 
grow y0ur business. 

Minting electric money is surprisingly 5Issue coupons. You can do this by 
simple. Coupons and vouchers are noth­ sending the coupon file via e-mail to 
ing more than promises to do something customers that buy a particular product 
in the future. These IOUs have no value you 're promoting or any other criteriayou 
unless consumer and merchant both trust choose. Anyone can trade or exchange the 

coupoi:is via the Web or e,mailthe notes. That means ctJ,stomers must be 
through clipping, cutting, or pasting the text.able to verify that the note is auther:itic. 

Merchants must be able to determine that 
no one counterfeited the coupon. Authen­
tication is relatively easy:Encryption tech­
nology, such as the freely distributed PGP, 
is fast and accurate. 

Constructing asimple coupon is straight­
forward, in part because It's just a block of 
text endorsed with the company's digital 
signature. The block contains a descrip­
tion of what the coupon buys you as well 
as an ider:itjfying serial n1;1mber.Ar:iyone cam 
cut and paste this block of text in a word 
processor, e-mail eclitor, or Web form to 
pass it around. -PeterWayner 

Peter Wayner is a BYTE consulting editor 
in Baltimore. You can reach him on the 
Internet at pcw@access.dlgex.net 

such as a Web browser. Merchants w ill 
process payments with software that is 
either dedicated or integrated wi th a Web 
server. The servers carry software to ver­
ify tra nsacti ons, perfo rm acco unti ng 
duties, guarantee payments, and even cre­
ate digital money. Merchants may choose 
to ru n their own server or become part of 
an "electro nic mall " li ke eS hop Plaza or 
CommerceNet. 

Security Blankets 
Without the messy matter of secu ri ty, on­
line commerce is simple: You just se nd 
your credit-card details to your electronic 
merchant, and your credit-card organiza­
tion will process the transaction. Too bad 

this process could be hazardous to your 
fin ancia l health. As your message passes 
through multiple network hubs along the 
way, criminals can scan messages to steal 
your informati on . True, it can happen 
with any conventiona l credit-card trans­
act ion, but in d igita l comme rce, thieves 
can sweep thousands of credi t-card mun­
bers from a single database. 

Commercial R&D departments and 
univers ity labs are develop ing measures 
to address security fo r both Intern et and 
private-network transacti ons. T he vener­
able answer to secur ing sensit ive in fo r­
mat ion, li ke credit-card nu mbers , is to 

encrypt the data before you send it out. 
MIT's Kerberos, which is named after th e 

mailto:pcw@access.dlgex.net
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2Publish a public key. Standard encryption 
software, such as PGP, will let you do this 

using easy menu selections. 

Pick your RSA key size: 


O 512 bits- ~~~l~~~:~~~~ I grade, fast 


O 768 bits- lllgh commercial grod e, 

medium speed, good securi ty 

@ 1024 bits - ~~~t:;~ sg::udr~l ~ery s low , 

Pick your own size (be twee n 384 ond 

2048 bits) : C=:=J 
Number of bits in encryptio n ettpon ent: ~ 
User I D for your public key. Des ir ed form is nome 

fo llowed by E-m ail address In angle bracke ts. 

Ea: John Q. Smith <1234:J.6789@compuserue.com> 


\ pcW~KCfSS .d i9 fX.t1ft I 

3Create coupons. Encryption software 
can also help here. Acoupon consists 

of a short text message with essential details, 
like the issuing company's name, 
the value of the coupon, and a unique serial 
number to guard against someone trying to 
redeem a coupon more than once. If you 're 
using PGP, the coupons will look like this: 

----BEGIN PGP SIGNED MESSAGE ­ - ­ -

Serial Num : 03A43BB 
Issuer : 
Value : 

Larry ' s Limericks 
One Verse 

Redemption URL : 

http : //www . limerick .com/ 

Expiration Date : 01/01 / 1998 


4Sign the coupon with a digital signature, 
which can also be automatically 

generated by encryption software. 

-----BEGIN PGP 
Version : 2.6.2 

iQC VAwUBMSnxuPSaDwZMk6nBAQEjUAP/ 
QayyklUhEMj61JqwVwwBzseLDmcv FTq6 
8Ds/v hsl WWr AyTbUivYOpTT8/nsxrWem 
4aOHLehsfC588kPtXVU5clmES8tmCTMS 
qfU l eBqBOGFKNasKaaCOY9qxNf4g2o08 
j8rFBBlNOoNvqz l jH8ui4vY2mo3qbTKU
+fRJG Zpc26c= 
=RO LM 
-----END PGP SIGNATU RE--- -­

------- --- -- ·----­
Consumers verify the coupon's validity by checking the digital Redeem the coupon. Note on the coupon database that this6 7signature of the note. Web servers can also verify that a particular particular serial number is no longer valid and send one free 

serial number hasn't been redeemed. Consumers redeem a coupon by limerick to the consumer. 
pasting it into a Web form or mailing it to an e-mail processor. 

[J Netscape: l imeri ck.ht ml 

Serial lfum : 
Issuer : 
Va l ue : 

03A43BB 
Larry's Lita& i cks 
One l erse 

Red e 1r1p tion URL : http : / / ,,,.,,,,, . lime ricr. . c om/ 
Expin.t.ion Date : 01 / 01 / 1998 

---­- BESill PGP SIGMATURE----­ I 
Version. : 2.6.2 

1' 
i QCVAwUB f1 SrucuJ> SaDCLl'Z f1l:6nBAQEj UAP /Qa.yy~ 1Ub.El1j 61JqC!Vm"JB:;seLDmcvF j !! 
8Ds /vbslW\VrAyTbUIv Y 0 pTT8 /nsxrWem4 a OHl.e hs.fCSB 8kPtXV U5clmE SSt mC 
q.t U 1 eBqBOGFIOlas.KaaCO Y9q xRf4g'2o 08 j Sr F BBlJiOo Hvq =: l j H8ui 4 v Y2mo3q b 
+tRJGZpc26c= 
•ROLf1 
---- - E'JrD PGP SIGNATURE-­-­-

th ree-headed watchdog of Greek mytho l­
ogy, is one of the best-known private- key 
encryption techno logies. It creates an 
encrypted data packet, called a ticket, which 
securely identi fi es the user. To make a pur­
chase, yo u ge nera te t he t icket d u ri ng a 
ser ies o f cod ed messages yo u exc ha nge 
with a Kerberos server, which sirs between 
your computer system an d the one yo u' re 
communicat ing wi th . T he latte r two sys­
tems share a secret key wi th the Kerberos 
se rver to p rotect information fro m pry ­
ing eyes and to assure that your data has 
not been altered du ring th e transmi ssio n. 
But this techno logy has a potentia ll y weak 
link: Breach the server, and the watchdog 
ro lls over and plays dead . 

NetC heq ue, deve loped ar th e Info r­
mati on Sciences Institute of the University 
o f Southern Ca li fo rn ia, uses Kerberos to 
auth ent ica te signatures o n electro n ic 
checks rh ar Internet users have registe red 
w ith an accoun ting server. A NetCheque 
is a special Kerberos ti cker: A merchant's 
d igita l signatu re creates o ne t icker- a 
check-which the payee's digita l endo rse­
ment transforms into another ticker-an 
o rde r to a ba n k computer to tra nsfe r 
funds. T he merchant can send NetCheques 
via e-mail or th rough netwo rk protoco ls. 
NetC heq ue is appea ling because it's scal­
ab le: As dema nd grows, compani es can 
add mu ltip le accounting se rvers. 

However, private-key encryptio n has 

so me fu ndamental drawbacks for electric 
money. Most notable is rhar transactions 
aren't ano nymous. These types of encryp­
tion systems accum ul ate buyer, se ller, and 
transaction data, w hi ch makes it possible 
to create spending profi les on consumers 
and threaten t heir pri vacy. 

An alternat ive to private-key cryptog­
rap hy is a public-key system that di rectly 
con nects consumers and merchants. Busi­
nesses need two keys in public-key encryp­
t ion : one to encrypt, the orher to decrypt 
rhe m essage. Everyo ne w ho ex pects to 
receive messages pub lishes a ke y. To send 
d igita l cash to so meone, you loo k up rhe 
publi c key a nd use the algorithm to en­
crypt the payment. T he recipient rhen uses 
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the private half of the key pair fo r decryp­
tion . One of the better- known public-key 
systems is MIT's RSA encryptio n standard 
(which is named for its creators: Rivest, 
Shamir, and Adleman). 

A comm ercial vers io n of RSA techn o l­
ogy, fr om RSA D ata Security (Redwood 
C ity, Californi a), helped settl e th e secu­
rity-stand ards fe ud between two majo r 
credit-card com pani es ea rli e r this year. 
The warriors- Visa and MasterCard­
agreed to support Secure Electronic Trans­
actions (SET) as the nonprop ri etary seCLt­
rity protocol fo r Internet transactions, and 
it appears that their technology partners­
Microsoft and Netscape Co mmuni ca­
tions, respectively- also support the agree­
ment. The standard will include pi eces o f 
separate proposals supported by the two 
camps, with the RSA encryption technol­
ogy p rov iding the glue th at binds the 
pieces toge th er. As we go to p ress, th e 
groups haven' t ye t published th e techni­
ca l specifi cations of the stand ard , but the 
two credit-card companies expected to 
have code ready for testing by now, w ith 
commercial implementati o ns before the 
end of the year. 

IBM's Intern et Keyed Payments (i KP) , 
a fa mily of secure paym ent protocols, 
combines publi c- and p rivate-key co n­
cepts for use on the Intern et. IBM based 
iKP's architecture on the assum pti on that 
buyers and sell ers will interact with third 
parti es, such as credit-card compani es or 
banks, to complete transactions. With iKP, 
consumers place an order over the Inter­
ne t, but the system uses a secure private 
network for the payment transacti o ns. 

Will the most effective blend of encryp­
ti on systems so lve a ll our electri c- mo ney 
problems? No such luck. Encry ptio n for­
tifi es our electro nic transac ti ons aga inst 
thieves, but there's a cost: The processing 
overhead of encryption/decryption makes 
hi gh-vo lume, low-va lue payments pro­
hibiti vely expensive. Processing time for a 
reasonably safe digita l signature conspires 
agai nst keeping costs per transactio n low. 
D ependin g o n key length, an ave rage 
machine can sign between 20 and 50 mes­
sages per second. Decryption is fas ter. Still , 
if a server rece ives one cent pe r transac­
ti o n , thi s wou ld ge nera te on ly abo ut 
$5 00,000 per year. 

One way to factor out the overhead is 
to use a trustee organiza tion, one that col­
lects batches of sma ll transactio ns before 
pass ing them on to the credit-ca rd orga­
ni zat io n for processing. Firs t Virtu al, an 
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E-Cash 
Digital cash consists of a token that you can authenticate independently of the issuer. You 

can withdraw digital currency from an Internet bank account and store it on your comput­
er's hard drive or on Smart Cards the size of credit cards. E-cash uses digital signatures, 

usually called "coins:' which represent a fixed value. The coins establish their own authen­

ticity by a complex software algorithm or through tamper-proof hardware. DigiCash, a Dutch 

company, holds a patent for E-cash. 

Digital Checks 
A digital check uses a paper-check model. You can't validate digital checks without involv­

ing the issuer. You sign and endorse the checks using digital signatures. Digital certificates 
establish the payer's identity and bank information. Authentication is achieved using the 

public-key system. The payer digitally signs a form containing a description of the transac­

tion, payer and payee information, the amount, and a time stamp. The payee, who may receive 
the signed form via public e-mail or various other forms of electronic communication, can 

validate the check using a public key and deposit it to collect payment. 
Digital checks integrate with automatic ordering and billing systems. They also tie in well 

with existing interbank clearinghouses. 

Digital Bank Checks 
Guaranteed by a bank, these checks function similarly to digital cash, minus the anonymity. 

You use it when the payee requires a bank certificate that suffic ient funds are available and 
will be paid out. Users buy the checks from a bank, which redeems each serial number only 
once. Digital bearer bonds with interest coupons are a special flavor of a digital check. The 

bearer periodically sends in a coupon to the issuer to collect interest at a specified rate. 

Smart Cards 
Smart Cards usually use a debit system: The prepaid card stores value that the holder cat! 
spend. Merchants receive payments through the card organization. Particularly in Europe, 
old-style Smart Ca ds-simple memory cards that are not too smart-are popular for pay 
phones, vending machines, road tolls, photocopiers, and other pedestrian uses. Some com­
panies are introducing newer, more soph isticated cards that contain embedded micro­
processors. The cards are much more tamper-resistant than their predecessors, thanks to 

challenge-response al!l thentication. In some implementations, users combine the cards with 
electronic wallets that can read the data on the card and exchange value with other users. 

Electronic Coupons and Tokens 
Electronic coupons, the electronic equivalent of the supermarket coupon, are functionally 
similar to cashier's checks, but they can be redeemed only at the issuing organization. They 

usually pay for some specified service and can't be redeemed for cash. 
' 

Inte rn et-based banking orga ni zation , 
re li es on this approach. Consumers regis­
te r their c red it cards with First Virtua l 
(registra tion happens over the phone to 
e liminate security risks). From then o n , 
they use perso nal ide ntifi cation numbers 
(PI Ns) to make purchases. 

Real-World Authentication 
Encryption may help make electric money 
more secure, but we also need guarantees 
that no one alters the data-most notably 
the denomin ati o n of t he currency-at 
either encl of the transaction. One form of 
ver ifi ca ti o n is secure has h a lgo rithms, 
w hi ch represent a la rge fil e of multiple 
megabytes w ith a relatively short number 
consistin g of a few hun dred bits. We use 
th e sur rogate fi le-whose smal ler size 

saves co m putin g time-to ver ify th e 
integrity of a larger b loc k of data. H ash 
algorithms work sim il ar ly to the check­
sums used in communications protocols: 
The sender adds up a ll the bytes in a data 
packet and appends the sum to the packet. 
T he recipient performs the sa me ca lcul a­
tion and compares the two sums to make 
sure eve rything arrived co rrectl y. 

One possible implementation of secure 
has h fun ctio ns is in a zero -knowledge­
proof system, w hich rel ies o n chall enge/ 
respo nse protocols. The serve r poses a 
questi o n, and th e system seek ing access 
offers an answer. If the answer checks out, 
access is granted. In practice, develo pers 
cou ld incorpo rate th e com mo n know l­
edge into so ftware or a hardware encryp­
ti on device, and the challenge could th en 
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In Austria, 2.5 million consumers already carry a card.t~at has the , ~Europe,~:Cks Conventions standard ATM magnetic stripe as well as the embedded Smart-Card 

Wan~·;~·~~;·~~·~~~~~~t;~~~~;·;~~~~~~::~·~l~~~·;i~· ~~~~~;~~~~~ical, 
financial , and political forces are now coalescing to make Europe the 

place to turn to see the future of electronic commerce. 
Europe is in the unique situation of inventing a new monetary§ys­

·· tem. Before the turn of the millennium, the 20 or so currencies 1:1 ~ed by 

individ~al European states will be replaced by one cyrre~y, called 
the E'uro. This should do away with exchange-rate speculation on inter­

natioJal money markets, help money flow more smoothly across bor­

ders, boost the pan-European ~~rketplace , and bootstrap a state-of­

the-art electronic commerce environment. 
This sweeping chaoge is happening in an already progressive 

monetary environment. Many 6uropeans·now find clogging up the 
payment channels with)Japer cnecRs-sent from payer to payee to the , 
bank !jnd back-aboutas guaint as the 1-2-hour clock. If they want to 

pay a bill, they ~on't send a check. They send a•payment request and 
the relevant account numbers to the bank, which tr.ahsfers money from 
the customer's account to the merchant's. About 15 years ago, banks 
introduced a phone- or modem-based version of this service. 

These systems continue to evolve. Much of Europe's research on 
electric money focuses on Smart Cards. Many countries are running . 

field tests with cards that use automated tell~r machines (ATMs) or 
pay phones:.Yo4 generally use these cards off'line (payments don't 
require you to conne,ct to abank or ca~dprocessor) for low-volume 
transactions. For lar§er, point-of-sale transactions, regular ATM and 
credit cards remain ubiquitous. A calcu lator-size electronic wallet, 

with a slot for the card, allows transactions practically anywhere. 

.______________. _ _ 

chip: In the British town of Swindon, some parents even dole out their 

Europe's 

Conditional 

Access for Europe 

(CAFE) project 

uses several types 

of electronic 

wallets with 

infrared 

transceivers to 

secure electric­

money 

transactions. 


children's allowance with the Mondex Smart Card. British Telecom 
and two major British banks, National Westminster a~d Midland, jointly 

developed Mondex. The card can store the local equivalent of about 
$250. Hitachi has developed a prototype modem that would allow 

you to use Mondex on the Internet. 
Conditional Access for Europe (CAFE), a project in the European 

Community's ESPRIT research program, is developing a secure elec­
tronic payment system based on Smart Cards and several types of 
electronic wallets with infrared transceivers. You can run the proto­

cols using standard PDAs. Thirteen partners from several countries, 
including the Netherlands, Denmark, Britain, France, and Germany, 
are involved. CAFE is now in field trial. 

co nsi st of a random-number string. The 
device mi ght, for example, submit the 
number to a secure hash functi o n to gen­
erate the respo nse. 

Ties That Bind 
Companies don't have to tackl e secu rity 
and authenticati on on a piecemeal basis : 
Two protoco ls a lready ex ist that jo in a 
variety of measures for Internet-based 
electronic commerce. Netscape Commu­
nications champions Secure Sockets Layer 
(SSL) as the best protocol for data encryp­
tion, serve r authentica ti o n , message 
integrity, and optional cli ent auth entica­
tion for TCP/JP connections. SSL sits be­
tween the raw Internet protocol (TCP/ IP) 
and application protocols; it encrypts and 
decrypts on the fl y any communication 
between client and serve r, including the 
uniform resource locator (URL), docu­
ment contents, and perhaps credi r-card 
numbers. To access documents with SSL, 
yo u simp ly type Imps: //. 

The second security candidate is a sim­
ple HTTP extensio n called S-HTTP, from 
Enterprise Integration Techno logies. It 
adds message-based security to the HTTP 
protocol and lets you sign, encrypt, and 
authenticate interprocess communications 
(!PC) . If desired, businesses can laye r S­
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HTTP atop SSL to use rhe two together. 
In the encl, some observers do n ' r fret 

about security at all. They believe the tech­
nical issues will be resolved if only because 
they have to be if anyone is to cap itali ze 
on a ll the potential profits electric money 
promises. "It's like aski ng, what d o yo u 
think of oxygen? It's vita l that it be th ere, 
bur you don ' t thin k about it," says Scott 
Cook, chairman of Intuit (see th e text box 
"E-Commerce: Safe Today?" on page 84 ). 

First-Class Privacy 
The third component of th e e lectro ni c­
currency infras tructure is ano nymity­
th e ability to buy and se ll as we p lease 
without threatening our fundam enta l 
freedom of privacy. What's the clanger? If 
unch ecked, all our transactions, as well as 
analyses of o ur spending habits, co uld 
eventuall y reside on th e corpo rate data­
bases o f indi vidual companies o r in ce n­
tral cl ea ringh ouses, like those th a t now 
track our cred it hi stories. 

Se rial numbers offer th e grea tes t 
opportunity for broadcasting o ur spend­
ing habits to th e o utside world. Today's 
paper money floats so free ly throughout 
the eco nom y th at serial numbers revea l 
nothing about our spending habits. But a 
company th at mints an e lectri c dollar 

could kee p a database of se ria l numbers 
that reco rds who spent rhe currency and 
what th e do ll a rs purchased. H ow do we 
build a degree o f anonymity in to electri c 
mo ney? Blind signatures are o ne answe r. 
Devised by DigiCas h's Dav id C haum , it 
lets co nsumers scrambl e se ri a l numbers. 
When a consum er makes an E-cash with­
drawa l, the re calcul ates th e number of 
digital co ins needed and generates ran­
dom se rial numbers for th e co ins. The PC 
specifies a bli nding facto r, a random num­
ber that it uses to multipl y the coin se ria l 
numbe rs. A bank encod es the blinded 
numbers using its own secret key and deb­
its the consumer's account. The bank then 
sends the auth enticated co ins back to th e 
consumer, who removes the bl inding fac­
tor. The co nsum er ca n spe nd bank-va li ­
dated co ins, but th e ba nk itse lf has no 
record of how the co ins were spenr. 

Dialing for Microcents 
The fourt h tec hnical component in th e 
evo lution of e lectric money is flex ibili ty. 
Everything may work fin e if transactions 
use ni ce rou nd doll ar amo unts, bur th at 
changes w hen a company se ll s in for ma­
tion fo r a few ce nts or eve n frac tions of 
cents per page- a business mode l that' s 
evolving on the Internet. Electric-mo ney 
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Oscard Makes Phones Pay .. 
;,i .. .. ... ....... . .......... . . ~ .. ..... ........ ..... ... ...... ... .... 

Smart Cards may be the rage in Europe, but in the U.S ., a new/ 
approach , using remote-value devices, could be like putt ing aujo­
mated teller machines (ATMs) in your pocket. Unlike Smart Cards, 

Unlike Smart Cards, 
which store value inter­
nally, Oscard and its 
portable reader manage 
digital currency stored 
at a central location. 

... .. ..~ . . ....... ...... . . ... ~""~I 


which hold digital representations of currency in their internal (iiem­
ory, remote-value devices store balance information for cash reserves 

that reside at a bank or other central location. ~ 
One of the first implementations of this strategy is the optic~-, 

scanner card called O scard, from Bri lliant Color-Cards (San Rafael, 

California) . O scard is an evolution of the phone card, and in its initial 
implementation, it will be limited to purchasing phone services. But 
in the future, the device could be issued by any type of commercial 
business, according to founder Larry Brilliant, who developed Oscard 

with Shelly Howard, a security expert. 
Oscard includes a DTM F tone reader and decoder that convert 

telephone tones to digital information that resides in the card's mem­
ory. To conduct a transaction, the consumer simply dials an 800 num­

ber and uses DTMF tones generated by Oscard to tell the bank to 
transfer a payment to the merchant. Personal identification numl;lers 
(PINs) provide security against unauthorized purchases. The DT_MF~ 

signals also can relay account balance information to the device: 
An OCR scanner, which sits within a slit at one end of the device, 

reads proprietary OS code-a close relative to bar code-which you 
can swipe in from a printed check or, potentially, view from an ATM 
screen. The company uses proprietary OCR software. The next-gen­

eration Oscard, due commercially in September, will have an LC@ 
screen for displaying account information. 

Oscard takes advantage of relatively low phone service costs in 

the U.S. This keeps transaction expenses low even though an Oscard 

< 
tra saction requires two telephone calls.(the first to a l6c<!I telephone 

point of presence-or POP-using the 80,0 number, the secontj to the 
merchant, a toll call). Second, Oscard uses stp.ndard telephone equip­

ment, so tnere are no added expenses for Smart Card readers. "There ,. 
are 200 million phones in the U.S., and these are the best entty points 

for digital mon~y;• says Brilliant, who estimates the cards w ill sell for 

about $20. "This system isn't dependent on new standards or changes 

in the infrastructure:' 
Brilliant developed Oscard in part because he doesn't see the 

U.S. market embracing Smart Cards because of their expense and 

unresolved standards. In the meantime, Oscard blends establi hed 
technolci'g ies like DTMF with the evolving need for electric money. 
· ' -AlanJoch 

Alan foch is BYTE's senior editor for featitres . Ypit can reaah him 
on the Internet at ajoch@bix.com. .· 

systems must be able to handl e high vo l­
ume at a margi nal cost per transaction. 

Mil li cent , from a div isio n of Digita l 
Equipm ent, may achi eve this goal. Mil­
li cent uses a var iation on the digita l-check 
model with decentralized validation at the 
vendor's server. Mi lli cent re lies o n th ird­
party orga nizati o ns th a t take care of 
account management, billing, and other 
administrat ive duti es. 

Mill icent transactions use scrip , di gi­
tal money that is valid onl y for M illicent. 
Scrip consists of a digita l signature, a se­
rial number, and a stated va lue (typ ically 
a ce nt or less). To authenti ca te transac­
ti o ns, Millicent uses a variation of th e 
zero-knowledge-proof system. Consum­
ers receive a secret code when they obtain 
a scrip . This proves ownership of the cur­
rency when it's being spent. The ve ndor 
that issues th e scrip value uses a master­
customer secret to verify th e consumer's 
secret. 

The syste m hasn't yet been lau nched 
commerciall y, bur Digita l says internal 
tests of transactions across TCP/JP net­
works indicate th e system can va lidate 
approx imately 1000 requests per second, 
with TCP connection handling taking up 
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most o f th e processing time. Digita l sees 
the syste m as a way for compa ni es to 
charge for information that Internet users 
obta in from Web sites. 

Another micropayment sc heme is 
NetBill , from Carnegie Mellon University. 
NetBi ll includes a business model, proto­
co ls, and software that lets Internet users 
pay for information at a transaction cost of 
about 1 cent for each 10 cents of purchase 
price. The proposal a lso strives for a high 
degree of a nonymity. Consumers in 
NetBill transactions use a "checkbook," 
while merchants use a "till. " A single trans­
action-oriented protoco l hand les com­
muni catio ns between these two entiti es 
and with NetBill. Other comm unications 
between cli ent and server rem ain un­
changed, allowi ng NetBi ll to work with 
diverse channels including the Web, FTP 
servers, SQLqueries, or MPEG-2 streams. 

Game Plan 
Security, authentication, anonymity, and 
divisibility all have developers working to 
produce the co ll ective answers th at may 
open the flo o dgates to e lectronic com­
merce in th e next 12 to 24 months. But 
where does a ll this leave you if yo u need 

to make strategic d ec isions right now 
about how and when to bank on electr ic 
mon ey? T here are essentially two strate­
gies you can use. 

T he first strategy is active : Look to 
pi oneerin g turnkey systems. Using this 
approach, you estab li sh or grow a net­
work composed of the Internet, intranets, 
and Virtual Private Networks (VPNs) to 
cement business-to-business ties. This seg­
ment, an evolution of the established EDI 
market, a lready sees a number of large 
companies offering systems to energize 
digital commerce. One example is Sterling 
Software's Electronic Commerce Gate­
way, which extends the reach of EDI VANs 
to the Internet. Its Dataguard client/server 
product is based on EDIX12, which-along 
w ith EDIFACT-defines digital versions 
of business documents (such as purchase 
orders and invoices) used in EDI transac­
tions. X12 is an ANSI standard; the United 
Nations supports EDIFACT. Sterling also 
offers commerc ial businesses Vector : 
Connexion, which links merchants to the 
VisaNet credit-card network. 

Simi larly, Computer Associates and 
Microsoft have jointly announced they 
will Internet-enable a cobranded product 

mailto:ajoch@bix.com
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for Windows NT servers. CA's CA-Uni­
center/ICE (Internet Commerce Enabled) 
provides security as well as network and 
systems management for th e Internet. 
Microsoft distributes for free its Internet 
Information Server for Windows NT. The 
package comes with Merchant Work­
bench, a set of tools for launching a vari­
ety of services, including on-line payments. 

Harbinger, a VAN services provider, 
added Internet capabilities to its EDI-based 
electronic-commerce software. Relational 
database vendors, including Oracle, 
Sybase, and IBM, have announced Web 
support for Harbinger's PC and Unix 
products. This will a llow businesses to 
establish live links from inventory systems 
to Web servers without reformatting their 
database. Users can launch SQL queries 
directly from their Web browsers. 

SBT Internet Systems has a multipart 
E-commerce suite. Web Trader, Internet 
in a box for business, lets you capture crit­
ica l customer information such as sales 
orders and product registration-all pro­
tected by RSA encryption. WebPay, a 
Windows-based payro ll application, lets 
accounting depa rtments manage their 
direct deposits. 

The R/3 system, from German-based 
SAP, is a framework for corporate infor­
mation processin g. The company joined 
forces with Sun Microsystems, Netscape, 
Microsoft, and o thers to support EDI as 
well as standard Intern et transactions. 
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Intuit, publ!shei:2 PQpickea ~nd Turbo Tax, is working to ma~e its perso11al financia\soft- f. 
ware~he interfifce between co isa1 rs and financial institutions across the electric 1!1,0ney • 
pipeline. Int 1e-f~ llowing interview, Intuit chairman Scott Cook discusses his vision of elec- · . 
rronic commerce and the role he expect Intuit to play iriits evoluti©n.• * 
BYTE: w ·11 we ever see a secure and rilllable emote-payment system for the Internet? , :;";; 

' • /_' ' '"' 'I .. .Cook:: Right now, there is a remote-payment system that's quite well established. It's calle' ,,;.:
" i / ' I . '> ~I
a creoit card. Witli slight adjustments it vyill work on )he Internet. l 

BYTE: What adjustmeQts? 

Cook: Frankly, not mucnb~cause you can type in a credit:Card-number and ; end it over the 
Nettto ay]. Arid it's probably as secure, if ~ot more sec9_~e,trr a' using a cr~pit card to buy 
dinner in a restaurant. Because when t e waiter 
disapjl>ears with you r'eredit card, you don't how 
many charge slips he's running off, what notes 
he 's making, or what happens to the trash. All 
sorts of bad things can happen, but the credit­
card companies c0ve.r your butt, and you don't 
worry about it. On-line., !here's no waiter gG>ing 
anywhere. Especially ifyou put any kind of mos­
es! security on it, it's going to have an equal or 
better chance of not being tam Re red with.than . 
in the restaurant e,xample.,Wl>iat need,s ·to hap­
pen? The banks need to 60ver your butt the way 
they do with credit-card users. I fhink you'll get 
better security on the Net;than you will in a restau- . 
rant. VISA and Mast(;lrCard are coming out with 

~r.. ·,i.· 
a secut-ity st~nctard [see the section, 1"Security lntuit's Sc?Jt fFook: ' =Fhe--Net will be.,.
Bla,.~kets'' in triE; main st0iy). ..,, S~f. t~·an'waitersyjth your credit 
BYTE: What do you think ap0ut that? caril. 

. ---r: 
CooK: Whatever they do is fine.. ln two\tears, no one will think about it. _..,, 
BYTE:Will ll'ltuit 1:1ve)'.91finto the transaction-processing business? 

Oo.ok: No~We belie~e the payment system should be run b; l:i>anks. And·'t liat'group~ of
' ..... .

bai'iks.§hould run intracountry transactions. So we're in essence unrelated to DigiCash arid 
CyberCa'sh.'Orie, we don't do payment transactions. Second, we don't do retail-to-con­
sumer. wopk at al. We're building electronic-commerce software that helps financial insti­
tutions (oa~ks, ihSU )anee~ _i;>(llpanies) sell to and serve their cwstomers. 

The financial'institutjRns'ar-e ' ajr.~ady tremendously automated at the back end. There's 
no physical delivery: Wealth is ~6h;nged by exchanging electror:ik:.bits. Our goal is to get ­
an end-to-end digital link [forconsumers]": l ­

rxos Software will provide users a real­
time "live link" between an R/3 database 
and a N etscape browser. 

No Going Back 
Of course, there's a seco nd st rategy: 
Check back at the millennium . This skep­
tical approach takes the somewhat cyni­
cal view that electric money's technical 
problems will see only mode rately suc­
cessful answers to our security questions, 
and that the sophistication of thieves will 
grow at the sa me pace as that of security 
expe rts. Transactions will become more 
secure but never enough to ga in our full 
confidence. In the meantime, traditional 
currencies will prevail. 

This attitude recognizes the technical 

hurdles that have yet to be overcome, but 
it doesn't acknowledge the fact that the 
electric-money genie is already our of the 
bottle. The market will demand electric 
money because of the accompanying new 
efficiencies that will shave costs in both 
consumer and supplier transactions. Con­
sumers eve rywhere will want the bounty 
of a global marketplace, not one that's tied 
to bankers' hours. These efficiencies will 
push developers to overcome today's 
technical hurdles, allowing bits to replace 
paper as our most trusted medium of 
exchange. Ci) 

Udo Flohr is a BYTE contributing editor 
based in Ha nnover, Germany. You can 
reach him. on the Internet at flohr@dfn.de. 
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"KEA!'" FOR VAX®/UNIX: 
CONNECTIVITY PRODUCT 

OF THE YEAR." 

AGAIN, FOR THE THIRD STRAIGHT YEAR , THE 

READERS OF DEC USER CAST THEIR VOTES FOR KEA! 

FROM ATTACH MATE ® AS THE BEST PC-TO-VAX 

CON ECTIVITY PRODUCT. 

THOSE CUSTOMERS ARE NOT ALONE . AFTER 

EXTENSIVE COMPETITIVE TESTING , DIGITAL® CAME TO 

THE SAME CONCLUSION WHEN THEY DECIDED TO 

BUNDLE KEA! 340 FOR WINDOWS NT'" WITH THEIR 

NEW MULTIA PRODUCT. AND MAKE IT THEIR OWN 

INTERNAL CONNECTIVITY STANDARD. 

ACCLAIMED FOR ITS POWER , SIMPLICITY, 

VERSATILITY AND SECURITY, KEA! USERS THE 

WORLD. OVER CAN HAVE CUSTOM COLORS , KEYBOARD 

MAPPING , MENUS AND DIALOG BOXES FOR EACH 

HOST APPLI CATION TH EY USE , ALL IN A WINDOWS® 

ENVIRONMENT. 

WHEN IT COMES TO EMPOWERING YOUR WORK­

STATIONS , NOTHING IN THE VAX/UNIX ARENA CAN 

MATCH KEA!. TO DEVELOP CUSTOM CLIENT/SERVER 

APPLICATIONS , ONLY KEA! INCLUDES INTEGRATED SUP­

PORT FOR VISUAL BASIC ,® POWERBUILDER ' " AS WELL 

AS QUICKAPP ,® THE POINT-AND-CLICK CODE WRITER . 

YEAR AFTER YEAR THE PROFESSIONALS KEEP 

COM ING BACK TO KEA! 340/420 FOR WINDOWS, 

WINDOWS 95 AND WINDOWS NT. 

FOR YOUR FREE DEMO DISK OR TO QUALIFY FOR 

A FREE EVALUATION COPY, CALL 800-426-6283 

OR 206-644-4010 AND MENTION REP ONS E 

CODE 322.01. OR VISIT OUR WEB SITE. 

URL:HTIP//WWW.ATTACHMATE .COM 
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APlace for 

Everything 

Data-otorage pioneen continue 

to pu6h technology to the limit6. 

•1111!11111!1• ata storage is the most exciting techn ology on th e 
planet-and the dullest. Face it: Most users could not 
care less about the type ofstorage their computer uses, 

llilll_lllliiil.. as long as they can get their programs and info rma­
tion when they want them-fast. Yet, the technology users most 
want to ignore is constantly pushing the bounds of the possible. 

Pundits have long been predicting the demise of th ose slow 
electromechanical dinosaurs-to-be-hard drives. But hard drives 
continue rocketing to faste r speed, higher capaci ty, better relia­
bility, and-asto ni shingly-lower pr ices. Designers are ra n­
sacking diverse regions of science and technology. To perfor m 
their magic, today 's hard drives depend on mind-bending com­
binati ons o f aerodynamics, signal-p rocessing algorithms, and 
quantum mechanics. 

Also magical is the notion that sil icon chips can store data indef­
initely, without electrical power. Yet, that is exactly what solid­
state storage using fl ash memory does. This technology remains 
too p r icey to deth ro ne hard d r ives in th e deskto p-storage 
rea lm, but it continues to boost storage density and lower prices. 
As fl ash memory keeps conquering more noncomputer fi elds, 
such as digital cameras and answering machines, this challenger 
may someday take the desktop throne, too. 

An other surprise you may find on your des ktop : CD-ROM 
recording equipment. There was a time when recording your 
own CDs seemed about as practical as recording your own record 
albums. Yet, today, under-$1000 CD Recordable (CD-R) units can 
record-and read-CDs in the same-size bay as an o rdinary CD­
ROM drive. M any organiza ti ons, such as NASA, are seizing on 
CD-Ras the answer to an archivist's prayer: cheap, easy- and 
bull etproof-long-term storage. 

All these advances in storage may radically alter the fu ture of 
"everyday" computing. Larger and fas ter hard drives already sup­
port RAID storage and will permit eve r-larger database opera­
tions-without bothering the network unduly. Some users even 
"mirror" slower CDs on their hard drive for fas ter access. Flash 
memory could quietly back up your live work envi ronment, 
reducing any problems should the system crash. 

So, just what's going on with storage ? M ore, fas ter, easier, 
cheaper. Sounds pretty exciting. Ill 

-By Edmund X. DeJesus 
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Irresistible 
Drives .. 91 
How hard drive6 
will become 
ia,6ter, bigger, 
and more reliable 

Mainframe, tape, hard drive, 
network, floppy, and C[}.RQM 

Spinning platters at up 
to 10,000 rpm 
slashes access time. 

New PRML algorithms 
pump up the 
signal-to-noise ratio. 

Transfer culled data to large 
hard drive. 



Magneto-resistive 
heads are replacing 
inductive heads, 
boosting areal 
density. 

Fresh from IBM labs, 
spin valve heads 
have crashed the 
10-Gb-per-square­
inch milestone. 

Dynamic head loading. 
Until the platters spin up, 
the heads rest on a ramp 
off the platter surface. 

The Way of 
Al I Flash .. 99 
Nonvolatile Morage 
iind6 creative application6 

I gate 7 

I gate 6 

Create an image file of 
the data. 

Road-test the CD Produce master disc and copy 650 
MB of data at about $7 per disc. 

Compare and verify 
the contents of the 
new disc and the 
original data. 
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When it comes to storing data, durability is a 

very attractive feature. So Kingston" offers 

a complete line of the world's most 

rugged and reliable data storage subsystems. 

Kingston's storage products were designed for 

the most demanding commercial env iron­

ments. But they've also survived duty in tanks, 

submarines, and even the space shuttle. You can't 

buy a more reliable subsystem. To prove it, we offer a 

seven-year warranty- the longest in the industry. The 

Kingston Data Silo" DS500 tower or rack-mount enclosure 

can house 3.5-inch and 5.25-inch half- or 


full-height SCSI peripheral devices. 


Our Data Express" DE300 remov­

able device subsystems, integrated into our 

DS500 chassis, provide an ideal housing 

for up to 12 removable, hot-swappable SCSI 

dev ices. Of course, Kingston storage prod­

ucts are compatible with all major platforms. 

For more information call us at (800) 435-0670. 

It could be the beginning vlflRSton 
of a beautiful relationsh ip. .l'-.~CHNO~YCORPORATION 

RAMfax ca ll t o ll -free: (800) 435-0056 :~< Visit our Web si t e: hct/J: /lw ww . kingston.com/b.htm, 
sos 

Kingston Techn o log y Corp o ra t io n, 17600 Newho pe Street , Fountain Va ll e y, CA 92 708 U SA, { 714) 438- 1850, Fax ( 7 14) 438- 184 7. © 19 96 Kin gs to n Techno logy Corpo ratio n. A ll rights rese rved. 
Data Express , Data Silo, and King ston are regi stered trademarks o( Kin gsto n Tec hnology Co rpo rati o n. 
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Quantum mechanico meeto aerodynamico in hard 

driveo: the next generation. By fdmundX. De]e6u6 

Irresistible Drives 

ard drives can ' t stand still. 
Sure, the colossal 40-MB 

drives of yesteryear also had 
magnetic platters rotating 

swiftly under hovering read-write heads. 
But the similarities with today's multi­
gigabyte wonders stop there. The hard 
drives of today-and especially tomor­
row-range deep into new territories 
including quantum mechanics, aerody­
namics, and dizzying spin speeds. 

As a result ofsuch technologies, capac­
ities are compounding at 60 percent each 
year-a tenfold increase in capacity 
every five years. Analysts expect this rate 
to continue into the next century. 

The gray hairs of hard-drive designers 
are due largely to the mutually interact­
ing relationships of drive components. 
Want to increase the capacity? Simple: 
Move the heads closer to the surface of 
the disk. The heads can write and read 
smaller magnetic domains, and the small­
er the domain, the more data each plat­
ter can hold. Of course, the closer the 
heads, the more you have to worry about 
the heads hitting the platter and com­ time-how long on average it rakes the is referred to as zone-bit recording. 
pletely shaving off the magnetic domains. head to move to the correct track-and One way to improve the access time 

So coat the platters with protective th e latency-how long on average it is to reduce this latency by speeding up 
materials. You might want to redesign the rakes the desired data on the correct track the rotation of the disk (th e spindle 
aerodynamic properties of those heads, to move under the head. (Advertisements speed). Faster spin rates generally mean 
too. With more data flowin g past each often, deliberately or accidentally, con­ better performance. In the olden days 
head, yo u'll need better e lectronics, fuse access time with seek time. They also (a few years ago), all desktop spindle 
maybe even a bigger on-board cache, to usually quote the lower- fas ter-read­ speeds were the same: 3600 rpm. The 
handle the increased throughput. Prob­ seek rime rather than the higher- slow­ resulting latency (time for half a rotation) 
ably a good idea to change the algorithm er-write-seek time.) was 8.3 milliseconds. 
for detecting each magnetic domain, too. The seek time depends on the size of Top-speed hard drives for desktop PCs 
Don't forget to check that the smaller the drive (e.g., 3Yi inch) , the number of these days rotate at 5400 rpm, 50 percent 
domains are still stable at the usual oper­ tracks per inch (rpi, which itself depends faster, for a latency of 5.6 ms. Some cur­
ating temperatures . Most likely you' ll on such things as the size of the magnet­ rent hard drives rotate at 4500 rpm, for 
shorten up the spindle length also, and ic domains), and the speed and precision a latency of 6.7 ms. Many hard drives for 
design a new housing to hold the whole of the head ac tuators . The latency portable computers still use a rotation 
thing, and reposition all the mounting depends upo n the spin rate: the ro ta­ speed of 3600 rpm in order to consume 
gear on the outside. All at a competitive tional speed of the disk. Latency is half less power. 
price, of course. You get the picture. the rime it takes for a complete rotation Current hard drives for servers rotate 

of the disk. The actual throughput also at an even zippier 7200 rpm, twice as fast 
Spin Doctoring depends on the layout of the magnetic as the old brand. Their latency is 4.17 ms, 
Access time is the most widely used domains: You can pack more sectors in half the old latency. This is especially sig­
indication of the speed of a hard drive. the tracks near the outer edge than on nificant for transaction-oriented servers, 
Access time is the sum of the average seek tracks nearer the center. This approach points our James Porte r, pres ident of 
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Current flows through layer 3 based on magnetic fields of layers 2 

and 4. Layer 4's magnetic field derives from domains on the platter. 



Irresistible Drives 

Disk/Trend (Mountain View, CA), a com­
pany that monitors drive business and 
technology. Server administrators typi­
cal ly str ive to put data that belongs 
together in the same area on a hard drive 
to reduce the effective seek times of drive 
access. Thus, their access time is espe­
cia ll y sensitive to changes in late ncy: 
Reduce the latency sign ificantly and you 
have a happy server administrator. 

That's why you see server administra­
tors turning cartwheels lately over the 
newest prospects fo r spindle speeds: 
10,000 rpm. On th is new speed plateau, 
the latency will be a mere 3 ms. Heat dis­
sipation gets to be a problem at this spin 
rate, however. Zoomy spindle speeds like 
these will require new fluid-bearing 
motors for the spindles. The ball-bearing 
motors currently being used can't take 
such speeds without shortening drive re li­
abi li ty drastically: The little suckers burn 
outtoo fast. 

Some analysts are looking even further 
ahead, to 14,000-rpm drives with latency 
rates of 2.1 ms. These latter speeds may 
appear first in 2 ~-inch drives: With less 
platter matter for the motors to turn, they 
can turn faster. 

Atomic Bits 

Nestled in the hills of south San Jose, California, next to a county park, lies the intel\ectu­
' al birthplace of the disk drive. IBM's Almaden Research Center is home to some of the 

most creative and brilliant people you'll ever meet. Recently, these experts gathered to dis­
cuss the future of storage systems. 

There was the expected talk about cobalt, chrome, and platinum underlayers with mag­
nesium-oxide or nickel-aluminum coatings, and of inductive write heads made of various 
metallic nitrides. David Thompson, IBM Fellow and director of the Advanced Magnetic 
Recording Lab, discussed the superparamagnetic limit (which basically says that the 
smaller you make the particles, the sooner they forget what you tell them) ; described opti­
cal storage and supersphere solid immersion lenses; talked a bit about the incredible poten­
tial of holographic storage (see "What's Next?;' April BYTE) ; and mentioned the theoretical 
density limit of 1 O 15 bits per square inch (the size of an atom). 

It was a lead-in to a surprise speaker: Don Eigler, another IBM Fellow. Eigler works with 
Almaden's scanning tunneling microscope (an IBM invention that won two scientists the 
1986 Nobel Prize) . He explained how the microscope works-basically it senses the dis­
tance between a surface and the microscope's head-and gave some examples of what it 
can "see:' Most of the audience got its first look at what a single atom looks like (a gray ten­
nis ball , if you want to know). 

Eigler brought up themassive screenat the front of the auditorium and fl ipped a few switch­
es. Suddenly we were seeing a live feed from the STM at the other end of the building. The 
STM isn't just good for looking at atoms, Eigler explained; it can move them, one by one. He 
donned a data glove (whose inventor, Tom Zimmerman, recently joined IBM at Almaden). 
The room fell silent. Then he "picked up" a xenon atom and moved it. The silence was bro­
ken by the ovation from the roomful of seasoned skeptics. 

The experts aren't quite sure what scanning tunneling microscopy will do for disk drives, 
but the results will be about as far from the 305 RAMAC (IBM's first disk drive system) as 
the space shuttle is from a paper airplane. 
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Heads: You Win 

P 0 W E R E D B Y M 0 T 0 R 0 L A '." 

Some say it's found on the right side of cl1e brain. But actually, creativity can be tapped anywhere clme's a portable Jaz"' harddrive 

from Iomega. By vim1e of its Motorola 68HC16 microcona:oUe~ cl1e Jaz drive can capture up to a full gigabyte of multimedia 

files on a Jaz disk in less cl1an ten minutes. So it's a snap to track, organize and find graphic-intensive files, making lifeeasier for 

cl1e left side of your brain. From transportable hard drives to network routing systems, Motorola powers iimovative solutions that enable your success. 

VISit us at http://www.motorola-powered.com/ or call 1-800-521-6274 (Ref. #496). 

@MOTOROLA 
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\Vhat you never thought possible.™ 

The technology of the hard-dri ve heads, 
which read and write the data magneti­
cally, primarily determines the size of the 
mag netic domains (whi ch influ ences 
the capacity of a platter) and part of the 
seek time. Traditional technol ogy uses 
inductive heads : The mov ing magneti c 
domains on the platter induce a tin y elec­
tric current in the head. The drive elec­
tronics then translate the variations in the 
induced current into bits. Usuall y th e 
same physica l head does both the read­
ing and the writing. 

IBM has been the leader in develop ing 
the newer magneto-resistive (MR) tech­
nology, and all of IBM 's hard drives now 
use MR heads. MR technology uses the 
property of some materials that change 
their electri ca l resistance in the presence 
of a magneti c field. First used in drives 
in 1991, MR heads have sense currenr con­
stantly fl owing th rough them. The mag­
neti c domains on the pl arrer alter the 
resistance of the MR heads---changi ng the 
electrical current, which electronics then 
tr anslate in to tho se ha nd y o nes and 
zeroes that defin e digital Ii fe . In a typica l 
MR dri ve, different ph ysical heads per­

form the reading and the wri ting tasks. 
MR heads offer bette r signa l- to- noise 

ratios than inducti ve heads. Part of that 
improvement comes from the separa tion 
of read and write heads. Also, the MR 
effect depends on the size of the mag­
neti c fi eld itse lf, in co ntras t to indu c­
tion, which depends on th e rate of change 
of the magnetic fie ld. 

lvlR heads can hand le much sma ll er 
magnetic do mains, increasing the num­
ber of tracks per inch and the number of 
bits pe r inch (bpi). Together, tpi and bpi 
yield the areal density (bits per unit area) 
of a hard-d ri ve platter. T he large r the 
a rea l dens ity, th e grea te r the ove rall 
capacity of each platter. Current tpi can 
top 6000, and bpi ca n exceed 100,000. 
Area l dens ity usi ng MR hea ds-up to 
1000 megabits per square inch so fa r­
can be nea rl y do ubl e what yo u can get 
using inductive heads. 

Nso , the speed of t he mag neti c 
domains does not affect MR heads. T his 
prope rty is in contrast to inducti ve heads, 
where the speed of the magnetic domains 
directl y affects the size of the induced cur­
rent. Mai nl y dri ves with smaller fo rm fac­
to r have this problem: They may be so 

small that the ve locity of the magnetic 
domains (proportional to the radius and 
the ro tati on rate) is insufficient to induce 
a current in inductive heads. 

On e drawbac k to MR techn ology is 
price: MR heads cost more than induc­
tive heads, and the cost doesn' t neces­
sarily scal e with the benefit. An MR head 
costing twice as mu ch as an inducti ve 
head probabl y wo n' t yie ld double the 
areal density. As always, prices will fa ll. 
But the drive business is price-sensitive, 
and saving a few bucks a head is impor­
tant. When buyers compare two drives 
with similar capaciti es and access times, 
th e dec iding facto r is no t go ing to be 
which dri ve has MR heads. 

Another drawback is that it's more dif­
fi cult to manufacture MR heads in a pro­
ducti on envi ronment than it is to make 
th e co mpa ratively simpl er indu cti ve 
heads. MR heads are exquisitely sensitive 
to stray electrical charges that can th row 
a sub ato mi c monkey wrench into the 
wo rk s. Pos iti o nin g MR hea ds a lso 
requires extreme precision. 

Variations on MR technology can boost 
per fo rm ance eve n furth er. H ewlett­
Packard is using a dual-stripe MR design, 

http:http://www.motorola-powered.com
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developed wi th EMC Corp., that con­
nects two MR elements and works on the 
difference in response of the two ele­
ments. This technique automaticallycan-

Drnamic Head Loading 
MicroGllde 
disk drive 

Conventional 
disk drive 

Platter 

Platter 

Flying height ____ l_ __ _ 

Flying height ____ l_ __ _ 

Integral Peripherals' technology 
means lower-flying heads. 

eels so me noise sources, simplifyin g the 
a nal ys is of th e res ultin g signal a nd 
improving signa l- to-noise ratios fu rth er. 

That means higher areal densiti es than 
with MR alone. 

As impress ive as MR techn ology is, 
IBM, HP , and o th er research ers are 
already looking beyo nd to adva nced 
technologies li kegia11t MR (GM R) . GMR 
uses the qua ntum mechan ica l effect of 
electron tunneling. Electrons have wave­
li ke properties that allow them to "tun ­
nel" through pote nti al barri ers th at 
wou ld stop unwave- like particl es. The 
scanning tunneling electron mi croscope 
works using rhe same effect (see "Atom­
ic Bits" on page 92 ). T he res istance to 

electron tunneling between rwo laye rs of 
spec ial conducti ng magnet ic mate ri al 
depends on the magnetization of one lay­
er co mpared with th e other. Thus, rhe 
presence of magneti c domains affects the 
tunneling rate. Tr turns out that this ra ther 
esoteric effect detects magneti c domains 
severa l times better than ord inary MR. 
GMR will permit even higher area l den­
siti es than MR technology does. 

A furth er refin ement of GIVIR is spi11 
valve technology (see the figure on page 
91 ). Fasten your sear belts. Two magnet­
ic and co nduct ing laye rs have a non­
magneti c but conducti ng laye r between 

them. The rop magnetic layer has its mag­
netic orientation anchored by yet anoth­
er layer above it. Electron fl ow through 
thi s co ntr iva nce varies depending on 
the magnetic orientation of the bottom 
magnetic layer, making it very sensiti ve 
to the prese nce o f magnetic domains. 
Some estimates suggest that spin-valve 
technology will increase areal density by 
ten- to twentyfo ld (which wou ld mean 
I 0,000 to 20 ,000 megabits pe r square 
inch). But fi rst they' ll have to pry the 
dev ices our of the laboratory and put 
them in to th e rea l world, where eco­
nomical manu fac turing and reliable oper­
ati on are paramount. 

Ma nu fact urers aren' t throwing out 
inductive technology just yet, however. 
Inductive heads are still cheaper. Vendors 
have a natural bias toward known , 
prove n, and thri fty technology. Besides, 
increasing spindle speeds, decreasing the 
di stance from the head ro the platter, and 
improving detection algo rithms and elec­
tronics all help inductive heads co mpete 
successfull y aga inst MR. Bur the long­
term money is still on MR. In three years, 
all drives wi ll be using MR heads, predicts 
Disk/Trend 's Porter. 
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Close to the Edge 
In the race to boost hard-drive perfor­
mance, one seemingl y ri sky strategy is 
moving the heads closer to the platter sur­
face. (This keeps less-expensive inductive 
heads in the game whil e allowing higher 
areal densiti es. ) Glide height , or flying 
height, is measured in microinch es (mil­
li onths of an inch). In the rul es o f thi s 
insa ne wo rld , a glide heig ht of 3 to 4 
microinches is considered somewhat con­
se rvati ve th ese da ys . (Perspect ive: A 
human hair is about4000 microinches in 
diameter.) More daring are heads that zip 
down to within 1 mi croi nch or even­
gasp!-touch the surface of the platter. 

The danger here is that the head wi ll 
plunge Icarus-like into the surface of the 
platter, pl owing what used to be yo ur 
company's database into a drift of semi­
magnetic slag. What the designers want 
to ensure is that these close encou nters 
don ' t cause any damage, and they do thi s 
in several ways . 

Preparing the surface of the platter to 
resist or withstand head contact is one 
strategy. Carbon-based coatings give the 
platter a nonstick surface. Pl atte rs are 
usually not perfectly smooth but have tiny 

ridges that present less area to whi ch an 
errant head can adhere. 

Proximity-recording, tri-pad (the head 
consists of three parts), and virtual-con­
tact heads all do w hat was forme rl y 
unrhinkable: make occasional contact 
with the platter surface. It rakes consid­
erab le aerodynami c sa vvy to des ign a 
smoothly gliding component. Outriggers 
on the head may ride on an air bearillg 
that keeps a minimal distan ce between 
head and platter. The li ghter the head, 
the easier it is to ma neuver, and the less 
damage to the platte r if conract occurs. 
Covering the head wirh nonstick lubri­
cating materi als helps preserve the plat­
ter 's sur face, whil e tough coatings pro­
tect the head itself. 

Integral Perip herals' dynamic head 
loading technique ensures that heads can ­
not contact the surface at all. The heads 
park on " loadi ng ram ps" un ti l platte rs 
achieve a speed that can support a safe air 
bea ring between head and platte r. If the 
platte r spins down , or the drive gets a 
bump, inertial locks automatica llysecure 
the heads to the ramps. With concern for 
possib le contact out of the way, lnregral 
can fl y heads ve ry close to the platters, 

increasing areal density. Special prepara­
tion of the platter's surface to reduce con­
tact damage is no longe r 1~eces;ary. 

PRML Screams 
Many techniqu es for increasi ng drive 
speed and capacity require a new method 
for turning magnetism into bi ts. For years 
that method was peak detection, which 
works w ith no a prior i knowledge of 
where the data might actuall y be. Analog 
pea k detec ti o n for findin g magn et ic 
domains is li ke rea lizing that you might 
have just climbed over a mountain: You 
had been go ing uphill and now you ' re 
go ing downhill. Peak detecti on thin ks, 
"H ey, what's thi s coming toward me? 
H ard to tell. Well , it's go ne now. Must 
have been a magnetic domain. And it was 
a 'one' if I'm not mistaken. He)) what's 
this coming toward me?" 

One problem with peak detecti on is 
that it can misinterpret noise as a mag­
netic domain. Peak detec ti on can al so 
confuse two doma ins as one. 

The meth od ca ll ed partial respo11se 
maximum lihelihood (PRML) is largel y 
replacing peak detection in the read chan­
nel, especiall y to interpret MR head data. 
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Digital PRML knows when to expect more than peak detection. And it con­
magnetic domains to appear, looks for sumes more power. This means it is less 
them, and then compares the incoming likely to be used in low-power notebooks. 
signal with what a signal should look like. It also means potential heat-dissipation 
This is more like finding a mountain by problems that affect drive reliability. Ana­
checking a map of the area, looking in the log PRML designs, however, decrease 
right direction, and comparing the out­ power consumption and chip size with­
line observed with the known shape. out major impact on performance. 
PRML thinks, "The next magnetic Using PRML to sift the data wheat from 
domain should be coming along right the noise chaff improves the signal-to­
about now. Yup, thar she blows. Looks noise ratio because PRML doesn't even 
like a 'one.' The next magnetic domain look at noise in an area where it 's not 
should be coming along right about now." expecting a signal. This permits higher 

PRML also has its difficulties. It costs areal densities, and faster data rates, even 

With double the battery life for enhanced reliability and proprie tary voltage 
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with older head technologies and spind\e 
speeds. Data rates with PRML currently 
reach above 150 Mbps, which is decid­
edly better than the below-80 Mbps com­
mon JUSt two years ago. 

The Hundred-Year Drive 
It wasn 't long ago that the life of a hard 
drive was brutish and short. Sure, th e. 
mean time between fa ilure (MTBF) was 
in yea rs , but not many of them. The 
in ev itable crash wo uld occur w ith no 
warning, leaving you thinking about all 
th e backups you had meant to do. With 
all their fancy head gadgetry, fas ter sp in­
dle speeds, and daredevil platter-buzzing 
antics, you' d think that the new bigger 
and faster hard drives wou ld be less re li­
able than their simpler counterparts. 

Au contraire. Hard-drive MTBF is 
starting to hit the milli o n-h o ur mark. 
That's 114 yea rs, fo lks. Yo ur new hard 
drive may ve ry we ll last longe r than you. 
Besides the longevity bonus, the industry 
standard se /f-mo11.itoring analysis and 
reporting tec/mology (SMART) lets some 
hard dri ves pe rform checkups on them­
se lves. They then let the user know if 
th ey' re ready for duty o r if it's time to 

issue the hard-dri ve equ ivalent of "Hull 
breach irnmi nent!" 

All this good news in the hard drive biz 
means bad news fo r all the technologies 
whose developers hope will rep lace hard 
drives. For example, so lid-state storage­
wh ich many predicted would replace 
clunky old hard disks with un crashab le 
chips-is chasing a moving target. Out­
running hard drives ' booming storage 
capacities and diving prices is a to ugh 
business p la n to acco mpli sh. Don't 
expect to do it anyti me soon. CD-ROMs, 
whose 650-MB capacit y once seemed 
immense, are now like floppy disks com­
pared to today 's multi gigabyte hard drive 
hulks. Indeed, many users are finding a 
performance boost by copying the con­
tents of th eir most-used CD-ROMs onto 
a spare hard drive. 

In thi s best of a ll poss ibl e storage 
wo rld s, we now hav e th e prospect of 
faste r, more voluminous, more accurate, 
and more trustworthy hard drives that 
we can bequeath to ou r gra ndchildren. 
And that 1 GB of drive space might just be 
enough to hold Windows 2110. Ii] 

EdmundX. Dej esus is a se11iortechnical editor 
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Flatih memory keepti chatii.ng hard driveti-while becoming 

more important in other wayti. By Rick Cook 

The Way of All Flash 

..--•	emember when flash mem­

ory was going to replace hard 
drives? It seemed to makelill--• sense: Nonvolatile, invul­

nerable solid-state storage would replace 
expens ive, bulky, and d e licate hard 
drives. 

The revolution never happened. Hard 
drive prices fell, capacities increased, and 
voila-gigabyte hard drives are showing 
up on new desktops, far outpacing 40­
and 80-MB flash-memory cards. 

Under the covers, though, flas h mem­
ory has become big in products that need 
a small amount ofnonvolatile storage for 
programs and data. According to In-Stat, 
a Scottsdale, Arizona, market research 
firm, on ly about 25 percent of flash­
memory products went into computers 
in 1995, making computers the number­
rwo users, behind communications prod­
ucts. Even in computers, however, most 
flash-memory applications today are 
replacements for EPROMs and EEPROMs 
(code storage) rather than mass storage 
(data storage) . 

Flash memory may stay as the holder 
of your BIOS, but the big push for data­
storage flash memories probably won' t 
come from computers. Consumer items, 
such as digital cameras and voice re­
corde rs, will play that ro le, says Alan 
Niebel, a senior analyst for In-Stat. Luck­
ily for flash-memory makers, demand 
has outstripped supply, and manufac­
turers have found a market no matter 
what their technology. However, Niebel 
warns, this will start changing later this 
year, as supplies increase and growth in 
the compu ter market slows down. Ven­
dors will feel more pressure in price and 
technologies. This works for the big com­
panies with advanced technologies, and 
against both big companies with less 
advanced technologies and smaller com­
panies that may lack marketing muscle. 

New Flash Cards 
The prospect of high-volume consumer 
products, such as digital cameras an d 

Two Competitors: NANO Rash .. 

Control gate 5 

NANO memory connects cells serially, for higher densities. 


NOR cells are in parallel, for faster access. 


voice recorders, is producing yet another 
form-factor war in the flash-mem ory 
industry. T he PC Card is too bu lky for 
these app li cations, so fla sh-memory 
makers, camera companies, and other 
interested parties are touting three new 
"standards" for tiny solid-state storage. 
All three of these new cards are about the 
size of your thumbnail, and all rely on 
flash memory. 

The current leader in the miniature­
card race is probably SanDisk, with a 
scaled-down version of its current mem­
ory-card technology, ca ll ed Compact 
Flas h. Since its anno un cement, abo ut 
60 companies have joined the Compact 
Flash Association (CFA), a consortium 
backing the SanDisk technology. Among 
its members are camera companies, such 
as Polaro id and Eastman Kodak, com­
puter companies, such as Hewlett ­
Packard, and semiconductor firms, such 
as Motorola and NEC. 

Like a PC Card, Compact Flash in-

eludes an AT-attachment (ATA) con­
troller and memory in th e card itself. 
CFA's competitors call this a drawback, 
because it increases the cost of the card. 
CFA's backers call it a feature, because it 
makes the cards compat ible with an y 
computer or other device that uses the 
ATA disk standard, including most PCs. 

Intel is pushing a rather different solu­
tion , using an elas tomer ic connector 
called Miniature Card (nee Mini-Card, 
but changed for trademark reasons). It is 
slightly larger than the Compact Flash 
card . The elastomeric connector has 40 
pins (pads, actually) embedded in a rub ­
berized connector, which makes the con­
nector more forgiving at very sma ll 
sizes than the normal pin-and-socket 
design. Franklin has been using them fo r 
years on its electronic books. 

The M iniature Card's strong point is 
price. Intel and other members of th e 
M iniature Card consortium (including 
AMD, Fujitsu, and Sharp) point out that 
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Th e Way of All Flash 

How Flash Memory Works 


That a flash-memory card could appear 

as a hard drive to the user is a tribute to 
the ingenuity of fl ash-system designers, 
ratherthan any inherent similarity in the tech­

nologies. At the bit level, flash has very dif­
ferent requirements and considerations. 

Flash-memory cells can wear out after a 

number of write cycles, typically between 
100,000 and 1 million, depending on the 
design of the cell and the precision of man­
ufacturing . The main injury mechanism is 
cumulative damage to the cell's floating gate 
from the effects of repeated high voltages 
used to erase the cell. Either the oxide layer 
breaks down or electrons build up in the 

floating gate. Flash-memory makers allow 
for this by providing extra cells on the chip 
to replace failed ones. In addition, most flash­
memory systems for data storage use a tech­
nique called leveling, which amounts to mov­
ing the data around on the chip to "wear" 
each cell as equally as possible. 

Another consideration is that erasing a 
cell offlash memory takes much longer than 
erasing a bit of data on a hard drive. Like hard 

drives, flash-memory systems typically erase 
files by erasing entries in the memory table 
rather than erasing all the data. Inevitably, 

however, they will need that space again, 
and they must write over the data in those 
sectors. This is a more time-consuming pro­
cess than it is with a hard drive. 

Anatomy of a Flash 
A flash -memory cell is like a conventional 
transistor with an extra gate. (The scheme 

shown in the figure "Two Competitors : 

NANO Flash .. . ... NOR Flash" is Intel's 
ETOX IV NOR flash, but most of the others 
are similar.) Between the source and drain 

and the control gate, there is a second gate, 

called a floating gate, that serves as a charge 

storage mechanism (see the figure below) . 
Thin layers of oxide isolate the floating gate 

from everything else. 
When a sufficiently large voltage goes 

across the source (at ground potential; see 

"Source n+" in the figure) and the control 
gate (at programming voltage), electrons 

(depicted by "- " in the figure) tunnel through 
the oxide layer and accumulate in the float­

ing gate. This process is called channel hot 
electron injection. The extra negative charge 
(electrons) in the floating gate raises the 
cell's turn-on threshold by increasing the 

negative potential opposing voltage. That 
writes a zero in the cell, instead of the one of 

the erased (uncharged) cell. 
Erasing the cell reverses the process. 

Grounding the control gate, and bringing 

the source to programming voltage, re­
moves electrons from the floating gate and 
reducing the turn-on threshold. That turns 

the cell back to a one. 
Oddly, erasing does not happen "as quick 

as a flash": It takes a long time. The reason 
is that the relatively high voltage involved (at 

least 1 0 V in most schemes) entails a good 
deal of current. Since there are limits to how 
much current chips can handle, there are lim­
its to the number of cells that can erase at 
once, too. That's why erasing occurs one 
group of cells at a time. 

The basic technology lends itself to flashy 
variations. Most of them involve a floating 

gate. For example, AM 0 uses a variation that 
erases by putting a positive voltage on the 

source and applying a negative voltage to 
the drain. National Semiconductor's tech­

nology erases by floating the source and 
drain, holding the control gate at 0 V, and 
applying a '20-V potential to the substrate. 

Zeros and Ones in Flash-Memory Cells 

Control gate 

"Zero" In memory cell 

Pressing the Flash 
Flash memory is still new enough that there 
is no one way to make it. Manufacturers take 

about a dozen different approaches to mak­

ing and organizing flash-memory cells on a 

slab of silicon. Some are betterfor data stor­

age and some for code storage (storing the 
BIOS on a motherboard, or firmware on disk 

drives and modems). 
Ironically, the common method of refer­

ring to flash technologies-by the logic 

scheme they use-is mostly not a function of 
the technology at all , but the way the manu­
facturer chooses to arrange the cells. You're 

not absolutely free to substitute cellar­

rangements using different cell technolo­

gies, but pretty much so. 
NOR (see the figure "Two Competitors: 

NANO Flash .... . . NOR Flash") is the lead­

ing technology today, and Intel is the major 
manufacturer. It organizes the memory cells 
in parallel fashion, with each cell's drain con­

nected to a bit line, and many bit lines are 
grouped to make up an 1/0 group. The select 
line connects the control gates of a row of 

cells, one on each bit line. With this layout, 

it can access several cells, such as a byte or 
a word, in parallel. NOR provides faster ran­
do m access, but its parallel stru cture 

reduces memory density. 
NANO (see the figure "Two Competi­

tors: NANO Flash .. . ... NOR Flash") is a 

technology used by National Semicon­
ductor, Samsung, and others. It connects 
the cells serially, with a select gate for every 

few control gates (usually, one select gate 
per byte or word) and serial connections to 

the control gates in that group of gates. 
NAN 0 has slower random access, but it 
allows higher densities due to its smaller­

size cells. 

Control gate 

Floating gate 

-------~ 

n+ drain 

p-type 

"One" In memory cell 

Left: Electrons accumulate in the floating gate: a zero. Right: Electrons leave the floating gate: a one. 
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Seagate solves your storage puzzle. 

Full-featured HAWK 2XL disc drives deliver making it a perfect choice for multimedia and video 
superior performance and value for both applications. All this fits in a slim, one-inch, low-profile 
clients and servers. design which requires minimal space, consumes less 

Getting higher capacity and performance at~ low 
cost has always been a puzzle. But now, solvmg the 
problem is a snap with the Seagate HAWK 2XL. 

For what you'd expect to pay for i·ust a basic disc 
drive, the HAWK 2XL gives you an abundance 

of performance features and SCSI 1/0 
options. It features Seagate's Advanced SCSI 

Architecture II (ASA II), an enhanced performance 
feature common to all Seagate high-end products. And 

SCAM plug-n-play compatibility for easy integration into 
a multiple SCSI peripheral environment. The HAWK 
2XL's embedded servo eliminates thermal calibration, 

Model Copo ci Interface Transfer Role RPM Avg. Seek 
HAWK2XL ST32151 2.147 GB 5C5I-3, 8/16 bit up to 20 MB/sec 5411 9110.5 

HAWK 2XL ST31051 J.050 GB 5C51-3, 8/16 bil up to 20 MB/sec 5411 9/10.5 

HAWK 2Xl 5T32155 2.147 GB Ultra SCSI 8/16 bit up to 40 MB/s ec 5411 9/10.5 

HAWK 2XL ST31055 1.050 GB Ultra SCSI 8/16 bit up to 40 MB/sec 5411 9/10.5 

~ower, an~ nms cooler than ~ther drives .in its class. 
· ~ Multiple SCSI I/O solutions are avail- :::::! 

able, including standard 8-bit and 16-bit :::::! 
~WK Fast SCSI, 8-bit and 16-bit Ultra SCSI, and M1;;~soFr. 

1~'1XJ-'S N"f. 

the single connector attachment (SCA). This 10" 0"·1<>110" 

flexibility makes it easily affordable to add one or two 
Designed for gigabytes of storage to any server, workstation, 

m;. . or high-end PC.=~· :.: 
For details, call 408-438-8111. Or visit our 

Micr os oft • 
Windows95 Internet home page at http://www.seagate.com. 
And see how HAWK 2XL disc drives can make all your 
upgrade puzzles fall into place. 

&5> Seagate 

THE DATA TECHNOLOGY CO MPANY 

Seagate and thl' St!aga te logo an:.> registcn.'<i trildemarks and H.1wk is a tr.ulem;irk of Seag<He Technology, Inc. :'- !icmsoft, \\'indows, i\.'T and thl' Windows logo arc rl'gisll'rt..-..:i tr.idl'marks of Microsoft Corpor.uion. © 1996 Seagat~ Tl-chnology, lnc. 

Circle 89 on Inqu iry Card. 
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The Way of All Flash 

the Miniature Cards are cheaper; they 
contain nothing but flash memory, rather 
than including a controller chip in each 
card. Backers of the other approaches 
point out that this makes them incom­
patible with PCs and other equipment 
without special drivers. 

Finally, Toshiba is assembling its own 
group around a technology dubbed the 
Solid-State Floppy Disk Card (SSFDC). 
This is a kind of hybrid. The SSFDC can 
mount in an adapter that fits in a con­
ventional PC Card slot. The adapter con­
tains an ATA controller so that the card­
and-adapter combination looks like an 
ATA hard drive to the computer. How­
ever, unlike SanDisk's Compact Flash 
card, the SSFDC does not need a sepa­
rate controller chip for each memory 
card. 

At this time, it is far too early to tell 
which of these three standards is going to 
succeed. All have important supporters 
and good technology. Still, it's a good bet 
that one of them will be very successful 
indeed. 

Flash and Blood 
So, with all this support and all these alter­
natives, why hasn't flash memory toppled 
the hard drive yet? Price. Flash memory 
is still 10 to 30 times as expensive as hard 
drive storage. Flash memory's backers 
point out this differenti al is much less 
than it was a couple of years ago. Still, 
even the most optimistic say it will take 
perhaps a decade for flash memory to fall 
to hard drive prices. The less optimistic 
don ' t expect that flash memory will ever 
be as cheap as hard drive storage. 

Besides, hard drives are a moving tar­
get. Progress in hard drives has been 
relentless, driving speed and capacity up 
and costs down. 

What about notebooks? Mobile com­
puting seems the ideal market for mass 
storage not affected by bumps and jolts. 
But gone are the days when 40 MB was 
generous for a notebook. Today, the 
tendency is to load full-featured appli­
cations, like Microsoft Word, on note-

WHERE TO FIND , 

AMO National 
Sunnyvale, CA Semiconductor 
(800) 222-9322 Santa Clara, CA 

(800) 272-9959 
Intel 
Santa Clara, CA SanDisk 
(408) 987-8080 San Jose, CA 

(408) 562-0500 

books as well as desktop computers. 
Niebel points out that although 80 MB is 
an ideal size for a flash-memory "disk 
drive," effectively no market exists for 
80-MB hard drives in PCs, notebooks, or 
workstations. 

PDAs, like Apple's Newton, are also an 
ideal application for flash memory. The 
problem is that they have not taken off 
yet-and maybe never will. So flash 

memory isn't getting the boost from them 
that its backers had hoped. 

C hoosing which type of memory is 
best in a rea l-world application depends 
very much on the application (see the text 
box "How Flash Memory Works"). The 
ideal of high memory density and rapid 
random access is as elusive in flash mem­
ory as anywhere else. In applications 
where memory density is most impor­
tant, slower access may be worth th e 
sacrifice. H owever, in rime-intensive 
applications, the speed of access may out­
weigh a ll o ther considerations. Con­
sumer applications are typicall y forgiv­
ing on th e speed issue, whi le computer 
applications usually demand speeds com­
parable to or faster than a hard drive. 

Pressing On to the Goal 
Despite the current market reality, most 
flash-memory companies have split per­

sonalities on code storage (cameras and 
answering machines) and data storage 
(hard drive replacement). They prag­
matically recognize where the dough is 
today and that they need to serve that 
market to make some. 

However, they are also fixated on flash 
memory's potential for mass storage, and 
they yea rn to sell tens or hundreds of 
megabytes into a single piece of equip­

ment, ra ther than a megabit here and a 
megabit there for code storage. That is 
why, to capitalize on the coming mar­
ket, most fl ash companies are actively 
promoting mass-storage applications by 
doing everything from selling PC Card 
memories to developing new technolo­
gies that better fit flash memory to the 
needs of computer systems. 

Flash memory's future is bright, as it 
continues to move into new market areas. 
Vendors are making money and devel­
oping new technologies. And there's still 
a flash of hope for competing with hard 
drives. Ill 

Rick Cook is a freelance writer living in 

Phoenix, Arizona, who specializes in comput­

ers and technology. H e is also the author ofsev­

eral fantasy novels that are full ofbad computer 

jokes. You can contact him on the Internet at 

rcook@b ix.com. 

Flash-memory cards from Toshiba, National Semiconductor, Intel, or 


SanDisk can give up to 85 MB of solid-state storage-at $20 per MB. 
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Now you have 


Bad power can 
corrupt all the files 
on a UNIX system. 

And that's not all. Power 
problems can also cause net­
work and hard drive crashes, 
read/write errors, corruption 
or loss of data, faulty data 
transmissions, system lockups, 
premature failure of compo­
nents and much more. 

Best Power products are your 
answer. They clean up dirty 

power before it reaches your 

equipment, which can reduce 
your computer and network 
downtime up to 80%. * And 
if you have a blackout, they 
provide backup power to shut­
down your system correctly. 

And now, every Best Power 
Single-Phase UPS comes 
with free software, pro­
viding power monitoring 
and unattended shutdown 
for your entire computing 
environment. 

a problem. 

So call Best Power for your 
power protection answers. 

1-800-469-4842 
Ask for operator 252 

e-mail: info@bestpower.com 
Internet: http://www.bestpower.com 
24-hour FAX information line at 
l-800-487-6813. 

• A live·year power quality study conducted by 
Best Powe r's National Power L::ibomtory showed 
tlrn! 1hc number of calls for computer service 
dropped 82% after installation of a UPS. 

Fortress<!D Uninterruptible Power Systems 
(Includes Free Software) 

Best• Power.Visit us at COMDEX/Spring, Booth 1215 

Th e Ans1ver in Power Protecrion ©1996, Best Power, a unit of General Signal. 
Circle 103 on Inquiry Card (RESELLERS: 104). 
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mailto:info@bestpower.com


ETOUPG 
Single or dual RAID controllers Optional S"'1it1.>C unit to rack­
with optional automatic mount adesktop SPARC®, HP or 
fa it-over. SGI workstation for network 

addressable RAID. 

N+ 1front removable load shar­
ing power supplies dedicated to Ballery-backed audibleand LED 
each RAID controller. alarm indicator panel for power 

and temperaturemonitoring 

LCD panel and keypad for RAID levels 0, 3, or 5with up to 
RAID status display and 28 drives, and 32MB cache per 
configuration. controller. 

True hot-plug drive modules Individual, front removable, disk 
from SOOMB to 4.2GB. power supplies for further redun­

dancy and fault tolerance. 

Up to 33.6GB per (3u) EIA, LCD/keypad for disk 
modularly expandable. information display and 

selling. 

Cold, warm or hot spare drives. Complete llexibility in RAID set 
definition. 

Up to 200GB of RAID in a40" 
rack. 

Without the Up·front Investment. 

lynx 

LynxStak 

LynxTower 

LynxRack 

Incrementally grow your system 
from desktop storage to RAID 

based on .l\flx modules. 

Artecon's new L"Jl'l.XRAID™ enables you to 
upgrade from desktop mass storage to desk­
side or rackmounted RAID with 100% invest­
ment protection. With L"Jl't.XRAID, you can 
incrementa lly grow into RAID by utilizing your 
existing L"Jl'l.X desktop units and expanding 
your system as your needs grow. 

Every L"Jl'l.X subsystem features options such 
as true hot-plug drive modules from 500MB to 
4.2GB, individual front removable power sup­
plies and LCD/keypads. L"Jl'l.X un its can be 
stacked for desktop RAID or racked into a high­
ly modular RAID system for maximum reliabi li ty 
and redundancy on SPARC®, HP, SGI, RS6000, 
Mac or PC platforms. 

At the heart of each L"Jl'l.xRAID configuration 
is a fau lt-tolerant, RISC-based RAID controller 
subsystem, which occupies a mere 5.25" of 
vertical rack space and can support either one 
or two independent or dual loadsharing RAID 
controllers. Each controller is avai lable with up 
to 32MB bui lt-in cache, supports RAID levels 0, 
3 and 5 and fast-narrow, fast-wide and fast­
w ide differentia l host interfaces. 

The LCD panel and keypad give access to RAID 
status display and configuration. A battery­
backed alarm panel provides both audible and 
LED alarm indication of potential voltage, cur­
rent, temperature or controller failure. 

Enterprising solutions for your enterprise. TM 

In addition, each controller is equipped with 
two front removable loadsharing power sup­
p lies and removab le fans for maximum fault 
tolerance. L"Jl'l.xRAID Towers can support up 
to 29GB of RAIDstorage each. Single controller 
L"Jl't.XRAID rack configura tions offer up to 
100GB in a 40" rack, wh ile dual controller sys­
tems can expand to 200GB in the same foot­
print. 

So when you think about RAID, think about 
protecting your investment with a solution that 
grows with you. Ca ll Artecon today for infor­
mation on L"Jl'IXRAID configurations. 

1-800-USA-ARTE 
1-800-872-2783 

http ://www.artecon.com 

Artecon 
PO Box 9000, Carl sbad, CA 92018·9000 

(619)931·5500 FAX (619) 931-5527 
email: sa!es@artecon .com 

A Member of tho Nordic Group of Companies 

Artccon, Canada, (416) 487-7701 A Artecon, Japan 81-3-3280-1210 A Artccon, France 33-1-69-1818-50 Artccon, Europe 31-53-83-2209 
Artecon and the Artecon logo are registered trademarks of Artecon, Inc. All other trademarks are proprietary to their respective manufaclurers. 
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Recording CD-ROMo io eaoy. inexpenoive. and peruect 


tor archival otorage. By ]a6on]. Hyon and Michael D. Martin 


CD It for Yourself 

..--.. he nam e says it a ll: CD-ROM 

is read-only memory. No 
writing your own CD-RO Ms, 

..__.. unless you're ready to invest 

in so me big, complex, a nd expe nsive 
equipment, right? Right. Until now. With 
CD Recordable (CD-R) drive prices drop­
ping below the $1000 level, the only ques­
ti ons now for man y organiza ti o ns look­
ing for efficient archival storage are how 
and when. 

What's the attrac ti o n of CD-ROM 
technology? Mainly, it' s th e 650 MB 
that can fit on a thin, nearly weightless, 
po lycarbo nate (as in bu ll etproof glass) 
disc. If yo u have tried backi ng up 1-GB 
hard dri ves or moving multimegabyte 
graphics fi les using fl oppy disks, that650 
MB loo ks appea lin g . NASA is a m o ng 
th ose burning its own CD-ROMs to man­
age the vast quantities of images and data 
from its many missions. 

A major advantage of CD-ROM, espe­
cia ll y in d istribution o r archi va l app li ­
cations, is freedom from errors. NASA's 
Pla n etary Data Sys t e m h as shi pped 
100,000 CD-ROMs without having a sin­
gle substanti ated read error. CD-R discs 
have simi lar characteristics, and at $7 per 
disc, they are the archivist's dream come 
true. The attributes of low cost, random 
access, and long li fe (100 years) make it 
the perfect archival medium (see the text 
box "CD-R So lves NASA's Space Race" 
on page108). 

It's the Pits 
Audio CD (defined by the Red Book and 
deve loped by Philips and Sony) uses a 
stream of 2352-byte blocks to store dig­
itally sampl ed sound. A cross-interleaved 
Reed-Solomon code (CIRC) provides for 
error detection and correc ti on by­
among oth er activities- spread ing data 
over several physical sectors. CD-ROM 
(defin ed by the Yellow Book) adds 280 
bytes of layered e rror correction ro 
eac h of th e above blocks. This error 
correction kicks in if any errors get by the 
first layer. 

Pre mastering transforms raw input files into an image of the 

eventual CD. Some software allows simulation of the CD. 

Manufacturing plants produce audi o 
CD and CD-ROM discs under clean-room 
conditions, for about$ I000 per mas ter 
and $1 per replica. T he fi rst step is to etch 
use r data onto a master di sc. Pits (inden­
tat io ns) distingu ish data from la nds 
(fl at areas). W hen a laser hi ts a land, the 
laser reflects; when the laser hi ts a pit, 
the laser li ght sca tters. Like a record 
album (remember them?), the tracks on 
a CD-ROM go in a spiral. 

T he nex t step sees rhe rep li catio n of 
the master disc on stamping masters. The 
stamper for CD- ROM is a p late w ith 
hills where th e pits wi ll be. Then th e 
stamping masters create rep licas by inj ec­
tion molding using polycarbo nate resin. 
Fina lly, each po lycarbo nate disc gets an 
aluminum reflective layer and a coat of 
lacq uer. 

The advantage of this process is that 
you can mass-produce many copies of a 
master disc in expens ive ly (per disc) . 
However, you rea lize that low cost only 
when producing hundreds or tho usands 
of discs. W hat if you want on ly a single 
di sc, of yo ur ha rd driv e or w hatever? 

Clea rl y, what you want is a one-step­
cheaper-version of w hat the manufac­
turing plants do . 

The problem is that you do not want 
the inconvenience ofan injection-mold­
ing faci li ty o n your desktop just to pro­
duce pits and lands. T hat's why CD -ROM 
recorders simulate pits and lands opti­
cally instead of physicall y. CD-R (defined 
by the Orange Book) is essentiall y a CD­
ROM with layers of gold overlaid with 
dye replacing the alu minum reflective 
layer. The dye is translucent, a ll owing 
the gold to refl ect laser light (like a land) . 
Burnin g tiny spots in the dye la ye r 
reduces the refl ectivity at that spot, sim­
ulating a pit. The stamper for CD-R has 
a long spiral ridge that forms a pregroove 
in the m o lded CD-R disc. The pregroove 
wo bbl es ro a ll ow tracking during th e 
recording process. 

CD -R discs come in two lengths, 63 
minutes (540 MB) and 74 minutes (650 
MB). Because there is almost no price dif­
ference between the two capacities, it is 
likely that 63-minute d iscs will eventu­
al ly disappear. continued 

JUNE 1996 BYTE 105 



CD It for Yourself 

CD-RABCs 
The figure "CD-ROM Premastering Pro­
cess" shows the steps to produce a CD-R 
disc. This is a deliberate activity, as op­
posed to the typical ad hoc file storage on 
a hard disk or other medium. You gener­
ally try to fill a disc completely, because 
it is unlikely that you wi ll use it again. The 
capability to add sessions to an already­
used CD-R disc exists (it's called multi­
session), but the intersession gaps are so 
large that this procedure is undesirable. 
CD readers do not widely support the 
multisession effort. There are also some 
problems finding driver support to view 
the multiple sessions on a disc, although 
new hardware and drivers wi ll recognize 
multiple logical volumes. 

When you are designing your CD's lay­
out, you' ll have to consider the perfor­
mance attributes of CD technology. CD 
readers have poor random-access per­
formance (10 to 20 timesslowerthan hard 
disks) and slower transfer rates (several 
times slower than hard disks). These char­
acteristics may require redesigning a 
retrieval application, for example, for use 
onCD-R. 

After designing the volume, you usu­
a lly must stage the data files to local 
storage devices. A good network infra­
structure-one with lots ofspace on your 
se rver-will simplify this process . An 
external hard drive is the second-best 
alternative for transferring large quanti­
ties of data between machines. The use 

JVC's Personal RomMaker internal CD-R drive records 

and plays CDs at speeds of up to 4X. 

Remarkable Reliability 

How good are CD Recordable (CD-R) discs-with their pseudo-pits-compared with 
genuine injection-molded CD-ROMs? NASA's Planetary Data System at the Jet Propul­

sion Laboratory conducted a major government evaluation of CD-R in 1993 to determine 
its characteristics as an archival medium. This involved recording 300 pieces of media 
from nine vendors on different recorders at different recording speeds. Three government 
agencies tested these discs on different test devices. The results proved that CD-R is a 
robust medium. Every byte on every disc was recoverable, despite some discs having 
extremely high error rates due to an incompatibility between recorders and medium types. 

This incompatibility involves the use of two dyes in the industry (cyanine and phtha­
locyanine). Cyanine is more sensitive to light and records better under marginal record­
ing situations. Phthalocyanine is less sensitive and requires a higher-power laser to record 
properly. Because higher recording speeds require higher power, the medium's dye type 
must match the recording speed. Newer recorders can use different recording power to 
handle either cyanine or phthalocyanine media. 

There are still some mysteries about the interactions between CD-Rand CD readers, 
but at least two issues are involved. CD-R generally has a lower reflectivity (signal strength) 
than CD-ROM, and the push-pull (a measure of the tracking signal) is near or above the 
upper limit specified for CD-ROM discs. Thus, the CD reader has a weaker signal and 
more difficult tracking requirements when reading CD-R discs. A marginal CD reader will 
encounter errors on marginally recorded CD-R media. 
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tering software wi ll scan the source direc­
tories and report any inconsistencies. 
These inconsistencies usually relate to file 
naming or missing or damaged fi les. 

The premastering software then reads 
th e data files and writes an image file, 
which is essentially a copy of the entire 

CD volume. Some packages let you use 
the image fil e as a simulated CD for test­
ing. Althou gh thi s op tion may seem 
attractive, it is becoming less useful as the 
price of CD-R continues to fa ll. 

The fin al step in the production pro­
cess is curring th e disc. This step places 
the greatest demand on th e host com­
puter. The recording system must sustain 
the transfer rate (150 KBps for lX, 300 
KBps for 2X, 600 KBps for4X, or 900 KBps 
for 6X) for the entire recording session. 
This requirement arises because the CIRC 
error correction spreads adjacent data 
across blocks recorded on th e CD, so 
there is no way to pause and resume a ses­
sion. Thermal recalibration in older hard 
disk models has been the source of many 
CD-R recording fai lu res. Unfortunately, 
SCSI device contention can also slow the 
throughput below the minimum. Most 
premaster ing packages can test the 
throughput rate and warn of problems or 
automatically cycle to a lower recording 
rate if necessary. 

The post-final step is testing the result­
ing CD-R. You must have a test plan in 
place to verify CD-R contents routinely. 
Test methods include a checksum scheme 
on the data files, performing a byte-by­
byte comparison of the source data to the 

of ZIP drives, Bernoulli or Syquest car­
tridges, quarter-inch cartridges (Q!Cs), 
digital audiotape (DAT), or Exabyte tape 
introduces additional complications. 

The nex t step is premaste ring. It 
includes selecting a volume structure for 
the disc, selecting the directories and files 

to include (generally a point-and-cli ck 
operation with mod ern premastering 
software), and specifying certain attri­
butes for fil es (hidden fil es, use of IS0­
9660-compliant filenames, and th e posi­
tioning files on the output volume). After 
specifying this information, the premas­



They will lose presentations and 

reports to a computer crash l 

They will blame their 
software or hardware 
when a power problem 
is really responsible. 

Power problems can also 
cause network and hard drive 
crashes, read/write errors, cor­
ruption or loss of data, faulty 
data transmissions, system 
lockups, premature failure of 
components and much more. 

Best Power products are your 
answer. They clean up dirty 

power, which can reduce your 
computer problems by up to 
80%. * They also provide 
backup power to shutdown 
gracefully in a blackout. 

And now, all Best Power 
Single-Phase UPSs come 
with free software, provid­
ing power monitoring and 
automatic unattended shut­
down for your system. 

Visit us at COMDEX/Spring, Booth 1215 

Don' t take unnecessary risks. 
Call Best Power for your 
power protection answers. 

1-800-469-4842 
Ask fo r operator 253 

e-mail: info @bestpower.com 
Internet: http://www.bestpower.com 
24-hour FAX information line at 
800-487-6813. 

•A fi,·c-year power qu111ity study conducted by 

Best Power's National Power Laborarory showed 
that the number of calls for computer service 
dropped 82% after insta llmion of a UPS. 

Best• Power. 

Patriot!!D Uninterruptible Power Systems 
(Includes Free Software) 

© 1996, Bes t Power, a unit of General Signal . The Answer in Power Protection
C ircle 105 on Inquiry C ard (RESELLERS: 106). 
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CD-R, or using a commercially available 
testi ng program. 

Several test devices will perform de­
tailed evaluations of the physical param­
eters of a CD-R or CD-ROM. T hese 
include the CD-CATs SA-3 (Audio Devel ­
opment), the CD-Analyzer (CD Associ­
ates), and t he C lover Systems tester. 
These devices are expensive ($5000 to 
$120,000) and require complicated cali­
bration procedures to work effectively. 
NASA's Planetary Data System has had 
only moderate success in us ing these 
devices to evaluate CD-R quality. 

CD-ROM Recording Studio 
That's the process. Now to get your 
equipment. The first critical decision in 
setting up a CD recording system is deter­
mining the host computer. If you need 
special d isc types (e.g., hybrid Mac or 
Unix-compatible Rock Ridge d iscs), 
you' ll want a recording system for that 
p latform. Otherwise, premastering soft­
ware on any platform will produce fu lly 
compatible IS0-9660 discs. 

The second issue is how portable you 
want your recording setup to be. Will you 
do a ll your recording on a dedicated 
machine, or will you move the recorder 
to different machines? In the latter case, 
a combined unit like the JVC Persona l 
RomMaker (which includes a power sup­
ply, hard drive, and recorder) wi ll work 
best. (The Data Distribution Lab at the 
Jet Propulsion Laboratory uses five or six 
Macs for deve lop ing mu ltimed ia pre­
sentations, and the single JVC Personal 
RomMaker moves between systems as 
needed .) Unfortunately, this portabi lity 
does not work across OSes. 

Ifyour choice is to dedicate a machine 
to the task, that machine wi ll need at least 
a 25-MHz 486 CPU, 8 MB (or more) of 
RAM, and a dedicated (or lim ited -use) 
SCSI connection. It should have at least 
two hard drives. One drive wi ll need to 
be at least 1 GB, and the other at least 650 
MB. The first dr ive (collection disk) will 
contain the system software, app lica­
tions, and 650 MB of free space for col­
lecting data files. The second drive will 
store the CD-R image file before record­
ing the image file on the CD-R disc. 

The first drive may not be necessary if 
other peripherals (e.g., ZIP drives, DAT 
drives, or network devices) wi ll hold all 
the input fi les. Most premastering soft­
ware w ill let you se lect fi les from any 
inpur device, but the premastering pro­
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cess itself is then subject to many more 
uncertainties. Similarly, you can forgo the 
second drive if the premasteringsoftware 
can write to the CD recorder directly 
without producing an image file. Again, 
this architecture introduces many more 
pitfall s and requires high-performance 
hardware on the host. 

if you will routinely need multiple copies 
of each volume, a 4X or 6X recorder 
will pay for itself in a short time. In short, 
it is usually worth itto get a fast system to 
premaster your discs. 

Dozens of recorders are on the market. 
At th e low e n d, lX or 2X consumer 
recorders from Pinnacle Micro and 

CD-R Solves NASA's Space Race 

CD Recordable (CD-R} technology has emerged at the right time to help solve many of 
NASA's data-storage problems. For example, the Magellan mission to Venus produced 

more than 100 CD-ROMs of now-well-known mosaicked images. That mission also gen­
erated tens of thousands of 9-track data tapes that NASA must preserve for future pro­

cessing. The cost of storing and maintaining the tapes per Government Accounting Office 

specifications is about $140,000 per year. 
To avoid this huge maintenance c ost, the Data Dist ribution Lab (DDL} at the Jet 

Propulsion Laboratory developed a high-speed tape-conversion system to transfer the 

data to CD-R. The figure below shows the Automated Tape-Conversion System (ATCS}. 
It consists of three VAXstation minicomputers, four 9-track tape drives, 20 GB ofhard disk 
space, and a CD recorder. 

Two of the minicomputers host two tape drives each and transfer data from tapes to 

staging disks. In a 6-hour period, they can process 50 tapes. The third minicomputer 
records CD-Rs from the image files that were produced during the previous shift. The sys­

tem runs unattended for 4 hours while it premasters the accumulated data into 1 0 image 
fil es that w ill record onto CD-R discs on the next shift. During the next shift, 50 more 

tapes are processed, and simultaneously the 1 0 image files record onto CD-R. 
Staffed by two part-time students, the ATCS converted a terabyte of digital data (12,000 

tapes, with a physical storage volume of 1 200 cubic feet} to 1800 CD-Rs (5 cubic feet) 
at a cost of less than $20 per tape. DDL expects that CD-R will continue to be an impor­
tant archiving medium for the rest of the decade. 

NASA's CD-R Assembly Line 
Retrieve Collect data Stage Prem aster 2X writer 

Data 

9-track VAX 4000/60 VAX 4000/60 9.168 
tape drive "Beast" "Beauty" Premaster drive 

lc;:;:1I 

Pile of 

tapes and 


drive 


~-
c; .... 

Computer Computer CD-ROM 
recorder 

NASA's tape-to-CD transfer process. 

Be aware that the host computer's per­
formance may li mit your se lection of a 
recorder. A slower machine may support 
a lX or 2X recorder, but nothing faster. 

The volume of discs to produce is also 
an issue. If producing individ ual discs is 
the norm, the record ing rate is not an 
issue, because the setup and premaster ­
ing overhead wil l consume most of the 
time for producing each disc. However, 

Hewlett-Packard sell for street prices of 
less than $1000. In the middle are Sony 
and Phi lips, w ith 2X recorders at around 
$2000. At the high end are Yamaha, Pio­
neer, and Eastman Kodak, with 4X and 
6X recorders starting at $4000. For auto ­
mated recording, Eastman Kodak sells a 
Disc Transporter that automatically loads 
up to 75 d iscs. Pioneer and NSM juke­
boxes support internal recorders, bur at 
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INTO ONE LITTLE BlACK BOX 
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ACTUALLY, THE BOX IS WHITE. 


The ZyXEL Elite 28641 - Your 
All-in-One NETworking Solution 

Systems Administrators love the 
Elite 28641 because it simplifies the way 
they manage their remote sites. Telecom­
muters love it because it's packed with 
everything they need to run a complete 
remote office. 

ISDN and V.34 in a Single Device 
Blaze through the net at lSDN 

speeds - transfer large files, download 
graphics and sound. Access all the 
power of lSDN while maintaining 
connections with remote analog devices 
over lSDN. V.42bis data compression 
over ISDN allows for increased through­
put up to 460.8Kbps. 

Stand-Alone Fax 
Your Elite 28641 parallel port routes 

incoming faxes directly to your printer­
no user and PC intervention needed. 

Interactive Voice Mail 
With appropriate software, the 

Elite 28641 allows for call logging, auto­
dialing and paging. Voice features 
include voice commands, compression 
schemes and DTMF tone detection. 

Your Data Is Safe 
Protect your crucial data with security 

features such as Data Encryption1 with 
X.75 and Password Protection with Call 
Back capability. 

Anytime, Anywhere 
Connect to your ISP via the async­

to-sync PPP feature. V.120, V.110 and 
X.75 SLP Rate Adaption expands the 
range of devices you can connect to 
worldwide. Elite 28641 supports all 
popular switches including AT&T 5ESS, 
Northern Telecom DMS-100, Siemens 
EWSD, National ISDN-1, and Euro-ISDN1. 

Call Now 
Why wait? Find out how this 

little White Box will simplify the way 
you manage your remote sites. 

800-255-4101 

ZyXEL 

THE M ODEM OF TH E MILLENNIUM 


4920 E. La Palma Ave nue, Anaheim, CA 92807 

Telephone (714) 693-0808 Fax (71 4) 693-8811 


Internet: sales@zyxel.com URL: http//www.zyxel.com 


HASS LE-FREE EPA TROUBLESHOOTING 

*ZyXEL 's Embedded Protocol Analyzer (EPA) lets 
you monitor the /SON switch and diagnose incor­
rect settings and errors, allowing you to remotely 
troubleshoot your users through their problems 
quickly and efficiently. 

tZyXEL does not assume any liability arising out of the application 
or use of any of the security functions described here in. neither does 
it convey any license under its patent rights nor the ri ghts of others. 

1Prior to purchase, please contact your local deafer/distributor for 
the correct vers ion to ensure compatibility with the ISON switches 
in your area. 
All trademarks are the property ot their respective owners. 

Specifications are su bject to change without notice. 
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CD It for You rself 

a substantial cost ($20,000 to $40,000). 
Premastering programs are available 

from a number of vendors. Merid ian 
Data, Corel, Incat Systems, and Pinna­
cle M icro provide software for PCs. JVC 
Informat ion Products and O ptical Media 
International provide software for Macs 
and PCs. Young Minds, Creative Digital 
Research , Smart Storage, and So liton 
Computing p rovide so ftware for Un ix 
workstations and PCs. Elektroson 's GEAR 
is available on many platforms and claims 
to support a ll recorders and formats . 
Most recorders sold today bundle ade­

quate p re master ing software, or yo u 
can buy the software separately for sev­
eral h undred do llars. CD-ROM Profes­
sional magazine is a good resource for 
de termining the capabili t ies of packages. 

New Discs, Old Readers? 
The next logica l extens ion to CD-R is 
CD Erasable (CD-E). It wi ll use a phase­
cha nge tec h no logy for overwr it ing . 
W h ereas CD -R ma in ly targets fi le ex ­
change and archiving, CD-E will compete 
head-o n with hard disk an d magneto­
op ti ca l (MO) systems. Furthermore, 

CD-E drives wi ll support exist ing CD ­
ROMs, read and write CD-Rs, and write, 
read, and rewrite CD-Es. 

Industry negotiations over the new dig­
ital videodisc (DVD) for mat have gener­
ated a great deal of publicity. T he agreed­
on sta ndard format w ill p rovi d e bo th 
vid eo dist rib ut io n an d d igita l st orage. 
The vid eo format w ill use the MPEG-2 
video-encod ing scheme w ith digita l sur­
round sound. T he disc w ill have the same 
physical characteristics as CD-ROM and 
CD-R, w ith a diameter of 120 mm, Con­
stant Linear Velocity (CLY) sector layout, 
a nd Ree d-So lomon error correc ti on. 

~Remember When Teamwork Was Fun~ 


)::::-HUMAN OR I ENTED 
PROGRAMMING ENVIRONMENT 

No Programmer is an Island. 
Gel your entire team pulli ng 
together wi th HOPE, the 
revolutionary Learn programming 
environment for Java and CJC++. 
Trad itional IDE and SCMsystems 
treat code as little more than 
dressed-up text files. HOPE 
manages code as a collection of 
fine-grained "particles"- methods, 
functions, classes, etc.- stored as 
distinct objects in its re\Jository, 
globally accessible to al . Each 
team member knows where all 
the others stand - in real-time. 
So there 's always an answer to 
who does what, where and when. 
Don't Lock Up Your 
Teammates. 
HOPE's repository-based 
programming will end your 
team's tug-of-war over code. 
Traditional editors and version 
managers resort to file-locking as 

a crude safeguard against 
conflicts. HOPE locks on!)' 
specific particles, leaving adjacem 
variables and functions free. And 
it locks onlyon demand , so 
particles don't need to be locked 
in advance, only when they're 
being modified. 
Merging Shouldn't Be Painful. 
Reconcilingcode modules is a 
project manager's nightmare. 
HOPE is a dream come true, 
merging programve rsions, 
identi fyingtheir logical differences 
and indicati ng where conflicts 
exist. Fine-grained particles mean 
fewer connicts and easy, interacti ve 
resolution. And nothing is lost 
during merges, since every logical 
change is saved. HOPE's Automatic 
VCS comes with full ro ll back, so 
youcan instantly recall each and 
every programstate. 
SCM Becomes a 
Living Process. 
HOPE redefines a "process"as 
aset of changes that each 
programmer applies to a 
basel ine version of the code. 
This enables easy monitoring 
and scheduling of project time, 

tasks and resources. HOPE 
provides a robust and dynamic 
change management system. 
Go Ahead, Integrate 
and Innovate. 
HOPE's Object Oriented edi tor, 
browsers and Smart Parser integrate 
seamlessly with your existing code, 
compilers, class libraries and other 
tools. Pull your TeamProgramming 
back together with HOPE. 

Call today or visit our Web site 
to get your FREE 

http ://w ww.a k s. com 
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SOFTWARE ENGINEERING LTD 

Higher lase r power will all ow a shorter 

~ · CD-R's Multiple . 
Personalities 

There are many schemes fo r extend­
ing CD Recordable (CD-R) . Sony 

CDRFS treats CD-R like a floppy disk for 
formatting and operations; thus, it allows 
fast access, addition and update, multi­
tasking, and fi xed-packet recording. The 
packet s ize is s mall er th an the buffer 
capacity of the CD·R drive, so there is no 
chance of a buffer underrun error that pro­
duces a ru ined disc. 

!neat Systems' FlexCD supports vari­
abl e-packet recording, com pat ibility 
with IS0-9660, and efficient access and 
recording.HP/Philips supports Universal 
Data Fo rmat (UDF), a subset of IS0­
13346: a vo lu me and fil e structure of 
write-once and rewritable media using 
nonsequential recording for information 
interchange. Kodak Photo CD supports 
only multisession ahd basically requires 
writing multiple IS0-9660 structures, 
where the last-written structure contains 
the updated fi le system for all sessions on 
the disc. 

The industry is working through the 
Optical Storage Technology Association 
(OSTA) to come up with a single standard 
from the competing specifications. The 
goal is a single standard that supports fea­
tures of information interchange from IS0­
13490 and easy migration to CD Eras­
able (CD-E) by the end of the year. That 
standard will provide increased perfor­
mance through packet recording and an 
indexed directory tree, and reducing buffer 
underrun. Users may wish to avoid ven­
dor-specific impleme ntations of multi­
session and packet-recording solutions, 
or face nonsupported disc formats in com­
ing years. 
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Every Best Power 
Single-Phase UPS 
comes with free 
unattended-shutdown 
and monitoring software. 

What happens if you're away 

from the office when an out­

age hits, even with a UPS? 

Best Power unattended­
shutdown software is the 
answer. In a power emer­

gency, it can page or 

Visit us at COMDEX/Spring, Booth 1215 

a blackout eats your 

network for lunch l 

e-mail you, notify users of 

impending shutdown, close 

your system properly and 

allow remote monitoring. 

Plus, it's completely free. 
Many UPS makers will tell 
you their software's free 
and just raise their prices. 
But Best Power bundles free 
software on CD-ROM with 
every Single-Phase UPS, or 
you can download it from 
the Internet. 

So don 't pay more. Get more. 

Call Best Power for your 
power protection answers. 

1-800-469-4842 
Ask for operator 254 

e-mail : info @bestpower.com 

Internet: http://www.bestpower.com 
24-hour FAX information line at 
800-487-68 13. 

Fortress® Uninterruptible Power Systems 
(Includes Free Software)Best• Power. 

©1996. Besl Power, a unit of General Signal. Th e Answer in Power Protecrio11
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CD It fo r Yourself 

pit length and track pitch (0.74 micron). 

Four configurations will provide from 4. 7 

to 17 GB capacity, using multiple layers 

and double-sided discs. 


These new discs will require new read ­
ers. However, the new readers will be 
backward-compatible with CD-ROMs. 
There is still some question about com­
patibility with CD-R media . Plans also 
incl ude a Sup er Density Recorda ble 
(SD-R) disc that will store 3.8 GB single-

sided and 7.6 GB on a double-sided disc. 
While these new technologies promise 

enormous savings in storage cost and a 
new generat ion of high-quality multi­
media products, they are still a few years 
away from the consumer market. Mean­
while, market projections show the cost 
of CD-R recorders dropping to $300, and 
the cost of CD-R media to $2 per disc, by 
1998. T his will allow the technology to 
compete with magnetic tape systems as 

Gain Access to the 

world of smartcards 


Alotltlin Smartcard En'l\ta\\\\\~\\\ 

In an increasingly wired world, thousm1ds of profitable smartcard applications 

are just waitingto be developed... in education, telecommunications, healtl1care, 


ban king, security. You name it. By personalizing and securing data, smartcards 

satisfy a real need of the Information Age. 


To seize this opportunity and create successful smartcard applications, all you need is 

ASE"' - The Aladdin Smartcard Environment. ASE is an integrated development environment 


that gives software developm an efficient, flexible and securetool for makingthe most of this 

new business opportunity. 


TheASE system includes ASESoji,a lib ra1y of sofovare interfaces and utilities; ASEDrive,a vmatile 

read/write smartcard dri ve unit; and ASECards, personalized smartcarcl1 of various types. 


ASE offers ease-of-use and a short leaming curve, with standards-compli:mt support for awiderange of smartcards. 

And ASE incorporates advanced security features, includingdigital signature, authentication, and other public 


key ciyptographic functions. 


ASE Development Kits - as well as stand-alone AS EDrives and customi zedASEG'ards - are now available. 

Aladdin, a world leader in softwaresecurity, has more than 10 years of experience in providingadvanced solutions 

for application developers, in the fi elds of securi ty applications, system integration, and development tools. 


For more information about ASE - your key to tl1eworld of smartcards - call l-800-223-4277 today. 
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llm. OfACE Aladdin Knowledge Systems Ltd. Tel: 972-3·537 5795. F.u: 972.3.537 5796, E·mal: sa:es@a"s.wm 
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a primary backup device. The boom in 
CD-ROM reader sales and increased com­
petition in the CD-R recorder industry are 
bringing prices to a level w here a small 
organization or even an individual can 
take advantage of the benefits of, yes, 
recording CD-RO Ms. liJ 

Jason ]. Hyon is a project leader at the jet 
Propulsion Laboratory in Pasadena, Califo r­
nia. You can contact him on the Internet at 
jason.j.hyon@jpl.nasa.gov. MichaelD. Mar­
tin is a member ofthe technical staffat the jet 
Propulsion Laboratory. He is the project engi­
neerofNASA's Planetary Data System and task 
manager for the Data Distribution Lab. 

WHERE TO FIND 

Audio NSMJukebox 

Development Bensenville, IL 

West Des Moines, IA (708) 860-5100 

(515) 221 -1 333 fax: (708) 860- 5144 

fax: (515) 221-1365 


Optical Media 

CD Associates International 

Irvine, CA Los Gatos. CA 

(714) 733-8580 (800) 347- 2664 

fax: (714) 453-0868 fax: (408) 376-3519 


Clover Systems Philips Electronics 
Laguna Beach, CA San Jose, CA 
(714) 499-9566 (800) 235-7373 

fax: (714) 499-4844 (408) 453- 5129 


fax: (408) 453-0680 

Corel 

Ottawa,Ontario, Pinnacle Micro 

Canada Irvine, CA 

(800) 394- 3729 (800) 553- 7070 

fax: (613) 761 - 9176 (714) 727-3300 


fa x: (714) 727- 1913 

Creative Digital 

Research Pioneer New 

San Jose, CA Media 

(408) 255-0999 Technologies 

fax: (408) 255-1011 Long Beach, CA 


(800) 444- 6784 

Eastman Kodak 

Rochester, NY Smart Storage 

(800) 235-6325 Los Gatos, CA 

(508) 623-3300 

Elektroson fax : (508) 623-3310 

Bala Cynwyd, PA 
(610) 617-0850 Soliton Computing 

Redlands, CA 
Hewlett-Packard (909) 307-3377 

Palo Alto, CA fax: (909) 307-3379 

(800) 810-0134 

(970) 635- 1500 Sony Electronics 


San Jose, CA 

Ineat Systems (800) 352-7669 

Campbell, CA (408) 432-1600 

(800) 774-6228 

fax: (408) 379-2409 Yamaha Systems 


Technology

JVC Information SanJose, CA 

Products 
 (800) 543-7457 

Irvine, CA (408) 467-2300 

(714) 261-1292 
 fax: (408) 437-8791 

fax: (714) 261 - 9690 


Young Minds 
Meridian Data Redlands, CA 
Scotts Valley,CA (800) 964-4964 

(800) 767-2537 

(408) 438-3100 

fax : (408) 438-6818 


mailto:jason.j.hyon@jpl.nasa.gov
http:s;i'es1Mdn.c.o.uk
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http:E-rr.aij:sa!es�t\asp.com


STORAGE • RAID • SERVERS 


ULTRA-WIDE RAID S 

• Ultra-wide or fibre chonnel host • Modular upgrade pnth from 
rnnnect- 40/1 OOMbps l2GB to 540GB 

• 5 Ultio Wide 40Mbps • 4GB or 9GB ultra-wide 
drive chonnels disk technology 

• Duol "octivlK!ctive" redundant • Redundant fans and pawer 

rnntoller options supplies, all customer replaceable 

• Ultra wide SCSIbackplane • Status display panel identifies 
architecture rnmpaneot failure 

• Tawer or rackmaunt 
configurations available 

DISK ARRAYS 


18 Drive 7 Dr ive Rackmount 

• All systems have removable drives • Redundnnt pawer supplies 

• 2GB, 4GB, 9GB drive technology • RAID 5option available 

TAPE SOLUTIONS 


Terabyte DLT Library 

From a 2GB DAT subsystem to a terabyte 

DLT tape library, we hove a tape solution to 

meet yaur needs. 

CUSTOMIZED STORAGE SOLUTIONS FOR 
ANY OPERATING SYSTEM ON ANY PLATFORM 
Responding to the need for enterprise wide storage 

solutions is essential in today's business world . We 

offer storage solutions from small to large-solutions 

that w ill grow with your business and data require­

ments. Our products can address any range from a 

2GB subsytem to a customized terabyte disk array. 

A ll SAG subsystems are platform independent and 

offer the latest d isk technology in modular fashion. 

If you are runn ing a network or UNIX server, or are 

considering downsizing from a mainframe or con­

solidating to a data farm, we can provide you with 

a customized storage solution to handle your imme­

diate needs and to position you for growth. 

LET OUR RAID EXPERTS CUSTOMIZE 
ASOLUTION FOR YOU 

Today, making a decision to implement RAID can be 

an important and difficu lt one. Our technical sales 

reps wil l work with you to determine which RAID 

solution is best for your environment. We carry a 

wide variety of RAID products to address your con­

cerns about data integrity, Aexibility, redundancy, 

price, and performance. 

Customized features include multiple host support, 
120MHz Pentium STC 120 

single point of failure protection, caching technology, 

and redundant, hot-swappable power supplies and 

control lers. Regardless of your network topology or 

operating system , SAG can ensure that you choose 

the right RAID solution. 

~~r,~,_~ 
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ELE C: TJ,lO 'NICS 
1.800.989.3475 

FAX 508-689-0189 
Web Address httpJ/sagelec.com 
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12 Ink-Jet Printers 

for Quality Color 


nk-j er technology has come 
a long way since its prehi s­
toric era of ho-hum, low-cost 
black-tex t p rinting. A new 

crop of color ink-jet printers has sprung 
up that are still affo rdable enough that 
everyone can produce high-quality docu­
ments. We tested 12 color ink-jet printers 
from the market leaders- Apple, Canon, 
Epson, H ewl ett-Packard, Lexmark, and 
Okidata-rh a t can co lor yo ur wo rld 
without breaking your bank. 

For this roundup, we compare ink-jets 
that are a microcosm of th e small offi ce/ 
home office (SOHO) market and break 
down our analys is to three categories­
best overall , high quality, and low cost­
to help find the printer that's best fo r your 
needs. We have lowe r-cost in k-jets that 
ra nge in p r ice fro m $3 00 to $400 and 
higher-priced ones from $600 on up th at 
provide vivid color output. 

Awhole new animal in the ink-jet mar­
ke t is ou r bes t- o vera ll winn e r, th e 
H ewlett-Packa rd Des kJ e t l 600 CM 
($2479 as tested) . It has laser-like perfo r­
mance, and you can network this big ink­
jet ro give workgroups access to co lo r 
printing. T he Epson Stylus Pro ($799) 
wins in our print-output quality rests 
because of its high-definition 720- by 720­
dots per inch (dpi) output. And the Canon 
BJC-4100 and Lexmark Colo r JetPrinter 
2070 tie in the low-cost category. 

To eva luate these pr inte rs , we ran 
performance tests that measure how each 
model prints di fferent kind s o f docu­
ments- some fill ed with bas ic ASCII 
text and others with complex bit-mapped 
images. We realize that performance isn' t 
as high a priority when printing graph­
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ics-filled pages and color documents, so 
we included output qu a lity as part of 
our tests. We also considered how easy it 
is to se t up and use th e p r inte rs and 
checked that they all have th e fea tures 
you' ll need. 

Stiff Competition 
The fir st in k-j ets o n th e market were 
monochrome-only printers designed to 

be affo rdabl e but low-end devices fo r 
home use only. Since th en, fas ter print 
speeds and nea r-typeset-quality output 
ha ve made ink-j ets more comp etiti ve 
with laser printers as office machines. 

BYTE BEST 

INK-JET 

Hewlett-Packard's 

DeskJet 1600CM 


offers laser-like performance and 

quality color output that's hard to beat. 

The one edge that in k-j ets have ove r 
lasers is they make color printing affo rd­
able. The first colo r ink-jets, howeve r, 
were a hassle to use because you had to 

swap the black cartridge wi th a color car­
tridge ro print color documents. M ost 
o f today's color ink-jets have dual-car­
tridge configurati ons, and they can auto­
matically switch to black ink or color car­
tridges to fit the requested print job. One 
caveat: The single multicolor cartridges 
can run out o f ink fa st, and they cost 
about $35 a pop to replace. On average, 
it costs between 3 and 5 cents per page to 

print monochrome text, and color pages 

Hardware 

Choo6e urom among the dozen 

ink-j et6 we te6ted uor auuordable, 

high-quality output. 

ByJim Kane and Dorothy Hud&on 

can cost between 10 and 40 cents a page. 
Even though affordable color-printing 

capability is the strong suit o f ink-jets, 
speed has always been their Achilles' heel. 
Lasers are fas ter, and the ink-jet printers 
we tested have ve nd o r-speci fied pr int 
speeds of 3 to l 0 pages p er minute in 
bl ack-text mode. We discovered that the 
PC-based printers have an average com­
bined print speed of 1.9 ppm at their stan­
dard-resolution setting when processing 
the ASCII text, bit-mapped images, and 
va ri o us fo nts in our rest pages . At 4.9 
ppm , th e HP D esk] e t 1600 CM is in a 
cl ass by itse lf. Color printing, however, 
generally rakes much longer, depending 
on how many co lors are being appli ed 
to the print job. 

High on Quality 
N ot everyo ne is co nce rn ed with print 
speed. If you spend hours in a desktop­
publishing application, you wantto make 
sure your output is right on the mark. We 
find that the printers with the highest print 
reso lutions are best fo r black-only text . 
The maximum monochrome resolutions 
range from 600 by 300 dpi to 720 by 720 
dpi (see the features chart on page 122). 
In reality, it is hard to tell the difference 
between resolutions when looking at text 
on a piece of paper. You should save high­
resolution settings fo r when you' re pro­
ducing newsletters and other documents 
that have graphics or art. 

Printers with the best color quality, like 
Epso n ' s Sty lus Pro, HP's D es kj e t 
1600CM, Lex mark's Co lo r J etPrinter 
2070 ($399), and Apple's Style Writer 2500 
($379), come closest to pro ducing the 
realism of a phorograph. Color quality 
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PRINT HEAD 
\ 

' INK CARTRIDGES\ 	 ,, Most ink-jet prin ters have tw o ,
MAIN CIRCUIT cartridges: one for black text 

BOARD ' and one for color. Some print­

ers (e.g .. the Canon BJC­' ' 	 4 1 00) have four separate car ­

tridges for cyan, magenta, 
yellow, and black . 

.,- INDICATOR LIGHTS 
Flashing indicator lights give 

you on-li ne status, such as 
when there is a paper jam, if 

the power is on, if a print job is 

being processed, or if you 
need to install a new print 
cartridge. 

I 
MEMORY I 

EXPANSION 

BOARD 


_ - - input trays that hold about 1 00 
sheets of paper. Most can 

handle envelopes and labels. 

,, INTERFACES 

- - PAPER INPUT TRAYS 
- - - The ink-jet printers we tested 

___ - - - - - typically have rear·entry paper­

doesn't rely on high resolutions as much 
as it does on the printer drivers and the 
color management progra ms provided 
with the printers . 

We tested the printers on vend or-sup­
plied glossy paper ; the qu ality is much 
better than on plain paper but not up to 
grade with that of more expensive dye ­
sublimation printers. The output results 
of our subjective color-quality test range 
from tight co lors to washed-out colors 
wi th banding. If you want deepl y satu­
rated colors, we recommend that you buy 
only those printers that have scored high­
est in our quality ra tings. 

Most ink-jet printers have just 

a parallel interface for direct connec tion to your PC. Hewlett· 

Packard's DeskJet 850C and DeskJet 1600CM support 

workgroup environments and can attach to a network 
through optional HP Jet Direct Prin t Server interface cards. 

Two Printers to Go 

Ca n o n's BJC- 70 ($399 ) an d Appl e's 
StyleWriter 2200 ($4 19) a re po rtable 
units. They weigh on ly about 3 pounds 
each, but their portability doesn't hinder 
thei r performance and quali ty when com­
pared to some of the bigger desktop units. 
The BJC-70 offers 720- by 360-dpi high­
resolution priming. Its performance is 
adequate with its vendor-specified 3-ppm 
print engine when outputting black text 
in d raft mode. You can even print T-shirt 
transfers on this tin y printer. Apple's 
Mac-based Style Writer 2200 has a fas ter 

print engine (5 ppm) than that of th e 
BJC-70, and it actuall y does better than 
Apple's Style Writer 2500 ($3 79) desktop 
printer in our black-text performance 
benchmarks. The p erformance of th e 
Sty le Writer 2200, however, flip-flop s 
with that of the Style Writer 2500 when it 
comes to high-resolution printing. 

Contributors 
Jim Kane, Project Manager/NSTL 

Dorothy Hudson, Project Manager/NSTL 

John McDonough, Technical Writer/NSTL 

Maggi Bender, Technical Analyst/NSTL 

Susan Colwell, Technica l Editor/BYTE 
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N K - E T p R 

icking the right color ink-j et 
printer depends o n th e per­
son who's picking the print­
er. If you want quick speeds 

and fee ds, th en th e H ewl ett-Packa rd 
printers with fas ter engines and big mem­
o ry buffers are your ticke r. Ifyou requi re 
exqui site image qu ality, then the 720­
dpi printe rs and th e ink-j e ts with lu sh 
color output are the way to go. There are 
also so me exce llent lower-cost printers 
fo r thrifty SOHO users and several print­
ers for Apple users. 

Best Overall 
We awar d ed th e bes t- ove ra ll printer 
la ure ls to H ewl ett-Pac kard' s D es kjer 
1600CM ($2479) because it is by fa r th e 
fastest ink-jet at pushing paper into the 
output tray (see the lab res ults o n page 
11 7). HP's Deskjer 850C is seco nd best in 
performance. At $6 18, the Desk Jet 850C 
is much eas ier o n th e wa ll e t th a n th e 
netwo rk-read y Deskj er J 600CM; it is 
more o f a traditi onal ink-jet than its big 
brother because it has just a para ll el po rt 
for direct connection to a desktop system. 
The 850C has l MB o f buffe r memo ry. 
Black-text print speed is 6 ppm, and color 
print speed is I ppm at its highest (600­
dpi) reso luti o n, acco rdin g to vend or 
specifications. HP provides an excellent 

N T E R S 

user 's manual with the 850C, and its so ft­
ware-based control panel makes printer 
management easy. The two HP ink-j ets 
a lso perform ed bette r th an th e o th ers 
when hooked up to Apple's Quadra 640 
AV fo r our M acintosh rests. 

The Epson Stylus Pro ($799) is number 
o ne in our bl ack-tex t and co lo r-quality 
rests. Ir provides exce llent overall value 
a nd has good perform ance (1 .8 ppm) 
when set at its lowest print density o f 180 
by 180 dpi . You see the perfo rmance hit, 
howeve r, wh en go in g fro m th e Stylus 
Pro's lo w-reso luti o n dra ft mode to its 
intense 720-clpi high-resoluti on mode. Ar 
the higher reso luti on, you get output at 
o nl y 0.3 ppm. 

Th e Ca no n BJ C-6 10 ($599) a lso d e­
serves me nti o n . Thi s 720- by 720-dpi 
printer puts our sharp, high-quali ty docu­
ments. The BJ C-610 has dece nt perfo r­
mance, and our test tea m preferred the 
co nt ro l pa ne l located o n th e prin te r 
rather th an th e so ftw are-based control 
panel that most of the in k-jet devices use. 

High Quality 
Epson's Stylus Pro is o ur top pi ck fo r pro­
ducing high-qu ality brochures and pro­
fessional-look ing repo rts. Ir a lso has the 
hi ghest usability rating of all the printers 
clu e to its easy- to-und ers tand statu s 

indicato rs, its easy-to -insta ll ink car­
tridges, and its above-average user's man­
ual. N ot far behind is Cano n's BJC-610 
and HP 's two hi gh-p erformance ink­
je ts-the 1600CM a nd D es kJe t 85 0C. 
They both offer excellent speed and qual­
i ry o utput. Appl e's StyleWriter 2500 
($379) had the fifth-best rating in our sub­
jective colo r test. 

Low Cost 
One of the best features abo ut ink-jets is 
that they are inexpensive. Of the 12 print­
ers we tes ted, fiv e cost less than $400, 
making them afford able for most people. 
Th e Lex mark Col o r JetPrinte r 2070 
($399) has o ne of the best sco res in our 
subj ective co lor tests, where we compare 
documents that contain complex graph­
ics. T he Canon BJC-4100 and the portable 
BJC-70 scrape the $400 limbo pole at $399 
each . The Canon printers have excellent 
sofrware utilities, and among the low-cost 
models we tested, they are the easiest ones 
to set up and use . 

At abo ut $282, Lex mark 's Colo r Jet­
Printer 1020 is the lowest-priced unit we 
res ted . Its specificati ons are typical o f 
low-cost ink-jets: 600- by 300-dpi edge 
sharp ness a nd 3-ppm print speed for 
black text. The Lexmark is a good mate. 
for a student's home system. 

LOW COST 

Canon BJC-4100 

These output samples are part of a series of complex graphics that 

we use to subjectively judge color quality. 
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RESU LTS 

BEST OVERALL 

Hewlett-Packard DeskJet 1600CM 
A network-ready printer primed for sma ll wo rkgr6ups, 

th e HP Des kjer is bl az ingly fast in our performance bench­

marks. Ir offe rs 6 MB of memory (with supporr fo r up to 

70 MB of RAM) , has a vendo r-specifi ed 9-ppm print engine, 

and support for DOS, Windows, and 1\tlac environments. 

To justify its $2479 price rag, it 's best wired to an Ethern et or 

Loca!Ta lk nerwork wi th HP's j etDirecr Print Server card. 

PRICE TECH NOLOGY IMPLE M ENTATION PERFORMANCE QUALITY USABILITY FEATURES OVERALL VALU E 

HP DeskJ et 1600CM $2479 ***** **** *1'*** *** **** **** **** 
Epson Stylus Pro $799 **** *** * ** * ***** **** **** **** 
HP DeskJet 850C $618 *** **** *** **** **** **** *** 
Canon BJ C·610 $599 *** **** *** **** **** **** *** 

HIGH QUALITY W IGhiTHIG 

Epson Stylus Pro Performance 

Ar 720- by 720-dpi, the Epson Styl us Pro ($799) scores 

highest in our subj ective colo r-q uality rests with its nea r­

phorographic images. With quality this good, it 's easy to 

ignore its sloth-like hi gh-reso luti on printing perfo rmance. 

In 180-dpi black-text draft mode, however, its perfo rmance 

is dece nt. Ir also has the best usa bility raring clu e to its easy­

to-insral l ink ca rrridges and user-friendl y manua l and 

co ntro l panel. 

PRICE TECHNOLOGY IMPLEM ENTATION PERFOR MANCE QUALITY USABILITY FEATU RES OVERALL VALUE 

Epson Stylus Pro 

HP DeskJet 1600CM 

$799 

$2479 

**** 
***** 

**** 
**** 

*** 
*** *'* 

***** 
*** 

**** 
**** 

**** 
**** 

**** 
**** 

HP DeskJ et 850C $618 *** **** *** **** **** **** *** 
Canon BJC·61 0 $599 *** **** *** **** **** **** *** 
Lexmark Color Jet Printer 2070 $399 *** **** **** **** **** **** *** 

LOW C OST 
Lexmark Color JetPrinter 2070 and Canon BJC-4100 
Ar $399 each, the Lexmark Color j erPrinter 2070 and the 

Canon BJC-4 100 take two different routes to affo rd able 

exce llence. In draft mode, rhe j etPrin rer sco red an imp­

"' "' 
ressive 3-ppm performance in our tests. The 720- by 360­

"' clp i Canon BJC-4100 is a fo ur-carrridge printer that excels 

in usabil ity and features. 

PRICE TECHNOLOGY IM PLEMENTATION PERFORMANCE QUALITY USABILITY FEATURES OVERALL VALUE 

Lexmark Color Jet Printer 2070 $399 *** **** **** **** *** **** *** 
Canon BJC-41 00 $399 *** **** *** *** **** **** *** 
Canon BJC-70 $399 *** **** *** *** **** **** *** 
Lexmark Color JetPrinter 1 020 $282 *** **** ** *** *** **** *** 
Lexmark Win Writer 150C $349 *** *** *** *** *** **** *** 
***** Outstanding **** Ver; Good *** Good **Fair *Poor 
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A Whole Lotta Shakin'Talk to Me 

You'd better have a sturdy table to sup­

your "door is a jar," th en yo u' ll love port HP's DeskJet 1600CM. During If you can deal wi th your car telling you 

Canon's talking BJC-610. T he printer uses testing, it shook the banquet-size table it 

Microsoft's WindowsPrinting System to was o n so much that o ur tes ters had to 

let you know via 11 different WAY audio move to a di ffe rent table to jot down 

fil es that you should "add paper to print­ notes. At 25 pounds, the Desk Jet 1600CM 

er" or "replace ink cartr idge." The utili­ weighs twice as much as most of the print­

ty also worked with th e Lex mark and ers, and th e force with which its print 

Okidata printers we tested . heads w hip back an d fo rth may haveOn-Line Printer Status 

T
something to do with its outstanding per­

he software printer management utili­ formance numbers. 
ties for Lexmark's ColorJetPrinter 1020 

and 2070, as well as Okidata's OkiJet2010, 
pops up and lets you know exactly what's 
happening when a print job is in progress. 
T he window displays how much ink is in 
each cartridge, lets you know what page is 
printing (i .e., two of five), and how long 
it will take to print. You can also cancel, 
pause, or reprint the fi le fro m within the 
status window. 

, HP's CopyJet Do~s It All 

Hewlett-Packard ((408) 246-4300;(800) 752-0900) had an idea: 
Why not combine its wealth of experience in color ink-jet print ­

ing and digital scann ing into one product. HP's brainchild is the 
CopyJet ($2949), a two-in-one ink-jet printer and legal-size color 
copier for small workgroups. We find that the CopyJet handles 
both jobs well enough so that you won't have to shell out the bucks 
for an expensive color copier and a color ink-jet. 

A 66-pound giant compared to the smaller desktop models, the 
CopyJetfalls in between HP's DeskJet 1600CM and the DeskJet 850C 
(second overall) in our performance benchmarks. As for copying 
speed, the CopyJet pumps out 4 copies per minute (cpm) in black-

A two-in-one printer, the Hewlett-Packard 
CopyJet lets you print and copy documents. 
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text mode and 1cpm in color mode, according to HP.You can buy a 
network-ready version (the HP CopyJet M) with a JetDirect card so 
that workgroups can share the device. The printer has a 180-sheet, 
front- loading paper-input tray. 

The CopyJet uses the same print engine for both printing and 
copying.As aprinter, the CopyJet receives text, graphics, and images 
as digita l objects to be placed on paper. As acopier, the device uses 
its 81/2- by 14-inch flatbed scannerto digitize the original into a sin­
gle raster image.You just raise the cover and insert a document on 
the scanner bed to make a copy. The mach ine has several print 
options on the front panel :photograph,black only, high quality, and 
emphasize light color.There are also color controls, and document 
scaling ranges from 50 percent up to 400 percent. 

HP's two-headed device makes 300- by300-dpi copies and prints 
600- by 300-dpi text documents. Fifth-best among the ink-jets in 
our print-quality tests, the CopyJet does agood job of copying col­
or documents. We inserted several CD art covers on the scanner, and 
the reproduction on plain paper was almost flawless, if not a little 
too dark.An internal heater dries the ink while printing to help pre­
vent smudges. 

Color copying and printing isn't cheap with the CopyJet. It has 
four print cartridges (cyan, yellow, magenta, and black) that cost a 
bundle to replace: $135 in retail outlets. You may want to consid­
er using color sparingly in your documents. It costs only 7 cents a 
page for a document with 15 percent color, while it costs 42 cents 
acopy with 100 percent color, according to HP. 
Circle 1 092 on Inquiry Card. 



Reduce data entry
"Teleform has established a costs and cut days fromprice/performance combination 
that makes it a benchmark turnaround time using 
for. .. ICR!forms TELEform ®, the most 

accurate and affordable~;~~::::.~ M M{Q~l~ 
Imaging Magazine forms processing 
1995 Product software available.of the Year 

Now for WIN 95/NT, 
TELEform's easy-to-use interface allows you to utilize 
existing forms or create new ones, in both paper 
and electronic formats . Whether you input forms via 
fax, scanner, Internet, or modem, TELEform offers the 
flexibility you need to automatically capture data into 
leading file formats. 


TELEform reads 
 "Cardiff's Teleform offers the 
best value and highest accuracyhand print text (ICR), for PC processing offaxed or 

machine print text scannedforms." 
(OCR), optical mark American Facsimile 

Association Best Fax Forms 

recognition entries Processing 1995 & 1996 


Come See Us at ••• ilCOMDEX Jun~ 3-6, Chicago, IL 
Spring '96 Booth#W215l 

"Incredibly accurate and 
affordable forms-processing 
software that eliminates data 
entry, shortens turnaround 
and improves productivity.. .Its 
payback is measured in days." 
Maury Kauffman 
1995 Best Fax OCR/OMR Software, 
Computer Telephony 

time cards, claims, surveys, and more. TELEform can 
handle your forms processing needs, whether your 
organization processes dozens or thousands of forms. 
Call 800-659-8755 today 
to order or for more 
information. 

619-752-5200 
Fax 619-752-5222 
hup://www.cardiffsw.com 

;;{R ilc._.., re<Molog;es i<emed hcrn Adwoxed 
M~""""'''°"''""'°1og"'· "R~og01ionGIOOHordorheo. 

"You won't find another 
OCR formsprogram with as 
much power andpracticality 
as Teleform." 
PC Computing 

Circ le 224 on Inquiry Card. 

(OMR), and barcodes 
with the highest level 
of accuracy using its 
powerful, advanced 
Tri-CR®character 
recognition technology. 

Process registration 
forms, sales orders, 

http:hup://www.cardiffsw.com
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ur test sui te le ts us eva lu ate a 
pri nter 's per form ance, qu ali ty 
of pri nted output, usabili ty, and 

fea tures. We tested and sco red 
each e le ment sepa rate ly a nd 
then computed an overall score 
byassigning aweightto each ele­
ment (see page J17). 

We ran th e PC-based tes ts 
o n a Compaq Deskpro 66 M 

run ning MS- DO S 6. 22 a nd 
Windows 95 . Printers with 
Mac ports were tested with 
a Quad ra 640 AV, ru nn ing 
Sys tem 7.5. We used th e 
print d rivers the vend ors 
supplied, and we d isabled 
print se rvers, spoo lers, 
a nd bu ffers d ur ing per ­
for mance test ing. the samples used a series of complex grap hics. 

O ur performance tests in our quality tests. Usabili ty scores are based on such 

meas ure the speed at w hi ch a p rinter as pects as th e ease o f insta ll ing the ink 
can produce six di fferent elements: dense med ia, th e i ntu i ti veness o f the co ntro l 
tex t , spa rse text, bit-m apped images, pa nel, th e ease of d rive r in sta ll at io n , 
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: Unlock: ~ lfrof·ls ... 
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I 
I there are no further costs fo r u dates or additional sales. 

L- - ---.1, 

Vi;it our W eb sites: 
http://www.wibu.de 

http://www.griftech.com 

Order your evaluation kit now: 800-986-6578 

Your software unlocks its t rue profits th rough WI BU-KEY, 
the ultimate copy protection hardware, which... . • • : 
prevents illegal pirate copies.Your one time • • • • 
investment in WI BU-KEY is returned multiple • ' ' · 
times. You need only one WIBU-BOX per customer and 
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.It.'GRIFFIN 
' """ TECHNOLOG IES INC 
16 17 SLAndrews Drive , Lawrence, KS 66047 
Phone: (9 13) 832-2070. FAX: (913 ) 832-8787 
email: info@grifccch.com. CIS 7 114 1,3624 

Circ le 11 5 on Inqui ry Card 
(R ESELLE RS: 11 6). 

mo nochrom e graphi cs, color graphics, 
and a minimum of two fo nts. We tested 

each model in two diffe rent 
o utput modes: th e nex t-to­
lowes t and th e highest PCL 
reso luti o ns (excep t fo r th e 
M ac p latfor m) th a t eac h 
prin ter supports. 

We judged prin ters forthe 
qu a li ty o f the ir mo no ­
ch ro me o utpu t and also 
tested how well they could 

prin t two co lor pages . T he first 
color page is judged using objec­
ri ve criteria, such as the output's 
range o f hues and the abse nce o f 

.,., smearing on fin e lines. A group of 
technicians subjecti vely judges the 
second co lo r page, which contains 

A Message to Our Subscribers 

From time to time we make the BYTE subscriber list 
avai la ble to othe r companies whose products or services 
would be of interest to our reade rs. We take great care 
to s creen these companies , choosing only those who are 
re puta ble . Furthermore, subscriber names are made avail­
able for direct mail purposes only; telemarketing calls are 
stric tly prohibited. 

Many BYTE subscribe rs a ppreciate this carefully 
managed program, and look forward to receiving informa­
tion of inte rest to them via the mail. While we believe this 
info rmation is of benefit to our s ubscribe rs, we firmly 
respect the wis hes of any subscriber who does not want 
to receive promotional lite rature. Should you wish to 
restric t the use of your name, please send your request 
(including your magazine mailing label, name, address, 
and s ubscription account number) to: 

BYTE Magazine Subscri be r ServicesBYTE PO Box 555, Hightstown, NJ 08520 

lZ 
A Division ofThe McGraw-HiU Companies · 

and the clarity and use fuln ess o f the pro ­
vided manuals. For fea tures, we weight 
and sco re the important characteristics 
th at we beli eve a co lor ink-jet p rin ter 
should have. 

T hese Q uality, Usabil ity, Features, and 
Value scores fo rm the basis for the Imple­
mentation score. A separate Techno logy 
rating scores each printer according to the 
newness and importance of its technolo­
gy. We then combine the Techn o logy, 
Implementation, and Performance ratings 
to come up with an Overall ra ting. 

Evaluations in this report represent the judg­
ment of BYTE editors, based 011 tests con­
ducted by NSTL, Inc., as dow111e11 ted in a 
recent issue.ofNSTL's monthlry PC Digest. To 
purchase a copy of the full report, contact 
NSTL at 625 J{idge Pike, Conshohocken, PA 
19428; (6 10) 941 -9600; fax (6 lO) 941­
9950; on the lntemet, editors@nstl.com. For 
a s11bscriptio11, ca ll (800) 257-9402. BYTE 
Magazi11e and NSTL are both operati11g 
units fiThe McGraw-Hill Companies. 

mailto:editors@nstl.com
mailto:info@grifccch.com
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mfro US (415)855·0940 · mlfo D (531) 211 3-200 - ln1ornet llllp:f/Www.mlro.com. CompuSern: GO MIRO 

.,. 5-Video quality digitizat ion 

.,. Complete editing system 

.,. Amazing special effectsmiroVIDEO DC20 .,. Full-format NTSC/PAL video output 
Circle 80 on Inquiry Card (RES ELLERS: 8 1). 
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INK-JET PRINTERS FEATURES 
Apple Computer Apple Computer Canon Computer Canon Computer Canon ml 
Color StyleWriter Color StyleWriter Systems Systems Computer li1m 
2200 2500 BJC-70 BJC-610 Systems BJC-4100 

$599 $399 

Overall value 
Price as tested $419 $379 $399 

*** *** *** *** *** 
Pages per minute (standard/max. resolution) 2.3/0.6 2.0/1.3 1.1/0.4 0.9/0.4 1.1/0.8 

Installed memory 512KB 512KB 35KB 60KB 64KB 

Memory as tested 512KB 512KB 35KB 60KB 64KB 

Standard memory/maximum 512KB 512KB 35 KB/35KB 60KB/60KB 64 KB/64KB 

COLOR 
Output in high-quality/draft mode (millions) 
Resolution in high-quality mode 

16.7/4 
360 x 360 

16.7/16.7 
720 x 360 

16.7/16.7 
720 x 360 

16.7/16.7 
720 x 720 

16.7/16.7 
720 x 366 

Resolution in draft mode 
Maximum resolution (dpi) 
PostScript standard 

180 x 180 
720 x 360 

180 x 180 
720 x 360 
Optional 

180 x 180 
720x360 

360 x 360 
720 x 720 

180 x 180 
720 x 360 

PRINTER SPEED 
Engine manufacturer Canon Canon Canon Canon Canon 
Monochrome/color (rated ppm) 5/0.33 5/0.66 3/0.8 3/1.3 5/0.8 
Monthly duty cycle (pages) 500 1000 Not available Not available Not available 
Controller manufacturer Canon/Apple Toshiba Canon Canon Canon 
Processor clock speed (MHz) 20 20 16 16 20 

STANDARD INTERFACES 
Centronics parallel 
RS-232C 
RS-422A 
Other 

Auto-switching 

STANDARD DRIVERS 
Windows3.1 
Macintosh 
Windows95 
Windows NT 

PHYSICAL CHARACTERISTICS 

Number of jets (color/black) 

Number of print heads 

Dimensions in inches (W x D x H) 

Weight (lbs.) 

Voltage 

MTBF (hours) 

Energy Star-compliant 


64/128 
2 
11.6 x 6.2 x 2.2 
3.1 
110 
250 
ol 

72/64 
1 
14.4 x 9.2 x 8.3 
6.9 
120 
250 
ol 

136/128 
2 
11 .8 x 2.2 x 6.2 
3.1 
120 
Not available 
ol 

192/64 
1 
16.1 x 7.2 x 10 
9.9 
120 
Not available 
ol 

136/128 
2 
14.4 x z0 x 0.8 
7.1 
120 
N/A 
ol 

SUPPORTED PAPER S IZES 

Letter (8.5 x 11 in.) 

Legal (8.5 x 14 in.) 

A4 (8.26 x 11 .69 in.) 

B5 (7.17 x 0.12 in.) 

Tabloid (11 x 17 in.) 

Executive (7.25 x 1 0.5 in.) 

Envelope 

OHPfilm 

Adhesive-backed labels 


ol 
ol 
ol 

ol 
ol 
ol 
ol 

ol 
ol 
ol 

ol 
ol 
ol 
ol 

ol 
ol 
ol 

ol 
ol 
ol 
ol 

ol 
ol 
ol 

ol 
ol 
ol 
ol 

ol 
ol 
ol 

ol 
ol 
ol 
ol 

TRAYS 
Input/output tray capacity (sheets) 30/30 100/100 30/30 100/100 100/100 
Maximum number of input trays 1 1 1 1 1 
Standard feed mechanisms Automatic Automatic Automatic Friction Friction 

FONTS 
Number of resident fonts 64 64 7 7 7 

Downloadable font support 

EMULATIONS 
Auto-sensing 
PostScript Level I/Level II 
HP PCL4/PCL5/PCL5C 
HPGL 
Epson LO/FX 
IBM Proprinter 
Other 
Warranty (years)/coverage 
Phone 
Toll-free phone 
On-line address 

Inquiry number 

1/P, L, F, R 
(408) 996-1010 
(800) 538-9696 
http://www.apple.com 

1081 

2/P, L, F, R 2/P, L, F, R 2/P, L, F, R 1/P, L, F, R 
(408) 996-1010 
(800) 538-9696 
http://www.apple.com 

1080 

ol 
ol 

(714) 438-3000 
(800) 848-4123 
http://www.usa.canon.com 

1082 

(714) 438-3000 
(800) 848-4123 
http://www.usa.canon.com 

1083 

(714) 438-3000 
(800) 848-4123 
http://www.usa . 
. canon.com 
1084 

•=BYTEBest ol =yes Warranty: P =parts; L =labor; F =freight to repair center; R =return to customer. 

***** Outstanding ****Very Good *** Good ** Fair * Poor 
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Epson II)
America ' 

Hewlett· 
Packard 

Hewlett· 
Packard Ill Lexmark 

International 
Lexmark IllInternational 

Lexmark 
International 

Okidata 
Okilet 

Stylus Pro Desklet 850C Desklet 1600CM Color JetPrinter 1020 Color JetPrinter2070 WinWriter 150C 2010 

$799 $618 $2479 $28 1.95 $399 $349 $499 

**** *** **** *** *** *** *** 
1.8/0.3 2.6/1.9 4.9/4.6 0.6/0.2 3.0/0.4 1.2/0.3 1.2/0.3 
64KB 1 MB 6MB 29KB 29KB 29KB None 
64KB 1 MB 6MB 29KB 29 KB 29KB None 
64KB/64KB 1 MB/1 MB 6 MB/70 MB 29 KB/29 KB 29 KB /29 KB 29 KB/29KB None 

16.7/16.7 16.7/16.7 16.7/16.7 16.7/16.7 16.7/ 16.7 16.7/16.7 16.7/16.7 
720 x 720 600 x 600 300 x 300-color/ 600 x300 600 x 600 600 x 300 600x300 

600 x 600-black 
180 x 180 300 x 300 300 x 300 300x 150 300 x 150 300 x 150 300 x 300 
720 x 720 600 x 600 600 x 600 600x300 600 x 600 600 x 300 600 x 300 
Optional ..... 

Epson Proprietary Hewlett -Packard Lexmark Lexmark Hewlett-Packard Lexmark 
3/1 6/2 9/4 3/.25 to .5 7/1to2 3/.25to .5 3/.25 to .5 
Not available 160-C/1 000-B 12,000 500 1500 1000 1000 
Epson Proprietary Intel i80960 Motorola Motorola Motorola Not available 
50to 60 16 20 10 10 10 Not available 

v ..... ..... ..... ..... ..... 
..... 

..... 
HP Bitronics High-speed High-speed Hig h-speed 
parallel bidirectional parallel bidirect ional parallel bidirectional parallel 

v ..... 

..... ..... ..... ..... ..... ..... ..... 

..... ..... ..... 
..... ..... ..... ..... ..... ..... 

v' v' 

48/64 
2 
19x 20.9 x 7.2 

64/300 
2 
17.5 x 15.6 x 8.9 

104/300 
4; 1 per cartridge 
20 x 17 x 11 

48/52 
1 
14.2 x 8.2 x 7.8 

96/ 104 
2 
17.2 x 1 0.6 x 11 . 7 

48/52 
2 
17.2 x 10.6 x 11 .7 

48/56 
2 
17.2 x 10.6 x 11.3 

16.5 14.3 25 9 17 9.75 9.75 
120 100 to 240 110 to 240 90to 137 90 to 259 90 to 259 90 

4000 20,000 20,000 10,000 25,000 25,000 25,000 
..... v' ..... v' ..... v' ..... 

..... v' ..... v' v v' ..... 

..... v' v' v ..... v v 

..... v ..... ..... ..... v v 
v v v' v v 

..... 
..... v v v v v 
..... ..... ..... ..... ..... v v 
..... v v v ..... v' v 
v' v v' v v ..... 

100/30 
1 

150/50 
2 

180/100 
2 

100/25 
1 

150175 
1 

150/75 
1 

150/150 
1 

Friction Automatic Manual and automatic Automatic Automatic Au tomatic Manual and automatic 

8 built-in/ 35 with PostScrip t; All Windows fonts All Windows fonts Al l Windows fonts 5 
14 TrueType 10 True Type; 

35 lntellifonts 
v' ..... v (Corel Draw 3) V' (Corel Draw 3) v (Corel Draw 3) 

..... 
PS Level II PS Level II 

PCL5/PCL5C 
v 

Epson ESC/P2 
2/P, L, F,R 
(31 0) 782-0770 
(BOO) 289-3776 
http://www 
.epson.com 
1085 

HPPCL3 
1/ P, L 
Contact HP dealer 
(800) 752-0900 
http://www.hp.com 

1086 

1/P,L,R 
Contact H P dealer 
(800) 752-0900 
http://www.hp.com 

1087 

2/P, L, F, R 
(606) 232-2000 
(800) 358-5835 
http://www.lexmark.com 

1088 

2/P,L, F, R 
(606) 232-2000 
(800) 358-5835 
http://www.lexmark.com 

1089 

2/P, L, F, R 
(606) 232-2000 
(800) 358-5835 
http://www 
.lexmark.com 
1090 

GDI, PC L3 for DOS 
2/P, L, F, R 
(609) 235-2600 
(800) 654-3282 
http://www 
.okidata.com 
1091 
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New Leaders 
of the Client/Server 
Migration 


efore the client/server "revo­

B lution," most companies' data 
resided in o ld fl at-fil e data ­
bases on legacy mainframes. 

Today, companies face the chall enge of 
tracking and efficiently using the data as 
it migrates to network servers and users' 
local hard disks. Spreadsheet programs, 
desktop DBMSes, o r spec iali zed qu ery 
tools can help, but they' re not easily tied 
together into integrated applications. 

The best answer lies in so ftware that 
helps you build mechanisms for users to 
enter, sort, filter, and report on your orga­
nization's data. With such client/server 
development packages, you can create 
custom programs that incorporate your 
business po li cies, procedu res, and data 
operations into stand-alone applications. 

We tested fo ur leading packages fo r 
Windows: Borland lnternati onal's Del­
phi C lient/Server Suite 2.0, Microsoft's 
Visual Basic 4.0 Enterprise Edition, Pow­
ersoft's Power Builder Enterprise 4.0, and 
Gupta's SQL Windows 5.0. 

How We Tested 
NSTL tested th e p roducts for pe rfo r­
mance , versatility, and usa bility. We 
used each product to develop a standard 
database of books, authors, and customer 
orders fo r an order-entry system. Our test 
applications allow users to browse a data­
base of 50,000 existing orders in various 
ways , an d to ente r new orders. Tes t 
users also run two reports: one detailing 
order status for customers within a user­
specified range ofzip code values, and the 
other covering all orders within a range 
of order numbers. This latter report can 
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be achi eved using either a five-table join 
or a three-level nested report. 

We tested nondatabase functions wi th 
a st ring-parsing test that's based on an 
actu al data co ll ection mechanism NSTL 
uses . This is a significant perfo rmance 
indicator because database access speed 
ofte n depends largely on the back-end 
serve r, not on the applicati on. 

Borland's Delphl Client/Server Suite 
is the fastest, most versatile, and easiest 

to use of the client/server development 

tools that NSTL evaluated. It offers superi· 

or performance across the board and pro· 

vides many useful data access features. 

Delphi Client/Server Suite 
We tested an advanced beta version o f 
Borland's Delphi; the fin al code release 
fo r version 2.0 wasn't ava ilable at press 
time, but the product is now shipping. 
In BYTE's experience, the performance 
of p rerelease versions is often infe rior to 
that of final products, but in our tests Del­
phi was head and shoulders above all its 
competitors. And this wasn't in just one 
area; Delphi was sup eri o r across the 
board: in database and nondatabase oper­
ations, browsing enti re database tables, 
executing queries, and searching for data. 

De lphi 's nav igation contro l a llows 
scrolling, adding, updating, deleting, or 
canceling changes to records with a sin-

Software 

"Up6tart6" Delphi 2.0 and Vl6uat 

Ba6ic 4. o otter the ta6te6t way6 

ot buildi ng clientl6erver 

applica t ion6 tor Window6 U6en. 

By Mark Hettler 

gle button click and no programming. A 
fi eld editor all ows qui ck place ment of 
fi elds on fo rms and easy specifi cation of 
ca lcul ated and lookup fi elds. Once a 
developer has specified a table or query 
object, he can select multiple fie lds and 
d rag them onto th e for m. De lp hi also 
includes Database Explorer, a powerful 
database administra ti on tool. 

The program offers a unique data con­
tro l grid, which is esse nti all y a grid of 
mini fo rms. Developers can place multi­
pl e fie lds, labels, and other objects in the 
upper left cell of the grid in any arrange ­
ment they desire, just as they would on a 
fo rm. Each cell of the grid then displays 
a di ffe rent record . 

De lphi has un iqu e fac iliti es fo r syn­
ch roni zing master/deta il display-dis­
playing a single record from one table and 
multiple related records fro m another. 
For example, our ord er-browsing fo rm 
displays the matching entry records for 
the current o rder record. With most oth­
er products, you have to program a pro ­
cedure that executes each time the user 
moves to a new master record, to requery 
the detail section. With Delphi, howev­
er, you link fi elds in the master and detail 
tabl es . As the use r scro ll s th ro ugh th e 
master reco rds, the fo rm auto maticall y 
maintains synchronization based on the 
speci fie d link fi elds. 

Delphi is the only product in this group 
that cannot execute an event p rocedure 
each time the user moves to a new record. 
H owever, it allows a program to search 
fo r a specific value in any indexed field. 

De lphi co m es w ith two se para te 
repo rt-writing faciliti es. QuickReports 



1.Frequent Fliers File-based oper­ 2. Creating Objects. This Win­ 3.That's Not Quite What I 
ations are common, and this com­ dows 95-inspired 10-tabbed tool­ Meant Once you've placed an 
pact group of icons makes them bar makes it easy to pick from the object on a form or in a data mod­
readily accessible. 
\ 

\ 


' \ 


I 
I 

I 
I 

I 
4. Dat's My Data. Wrth Delphi, you 

can group all the components of 
an application into related mod­
ules. This example window shows 
three data tables, a query (which 
can include multiple forms), and a 
stored procedure. 

uses Delphi forms and controls to right­
ly integrate reports with applications, but 
designing reports is confusing and cum­
bersome. ReportSmith has better faci li ­
ties for designing reports, but app li ca ­
tions must launch the ReportSmith 
run-time program in order to run th e 
reporrs. The Delphi package includes a 
component repository that deve lopers 
can store in a client/server database . All 
in all , an outstanding product. 

PowerBuilder Enterprise 
Powersoft's PowerBuilder Enterprise 4.0 
uses two main interfaces, the Window 
Painter for designing forms and th e 
Dara Window Painter for defining visual 

Cust 

ri!S 
Query StoredProc 

"'" 

many types of operators and on­
screen devices available, with a 
different toolbar just a click away. 

5.Good Form. Delphi's form 
designer lets you place almost any 
type of data object, operator, or 
function. Form1 shows how 
graphics can be brought into a 
query screen. 

interfaces to databases. Windows can 
contain e mb ed ded DaraWind ows. 
PowerBuilder's interfaces are the most 
intuitive and user-fr iend ly of this group, 
but it's inconvenient to move between the 
two painters and awkward to manipu late 
embedded Dara Windows. 

With PowerBuilder you can implement 
standard SQL cursors, where the program 
executes a SQL statement and can step 
forward (and backward, if the database 
engine permits} through the result set. 
With cursors, the deve loper must pro ­
grammatica lly move data from cursor 
fields to form fields for users to be able to 
view the data. 

Data Window Painter provides a visu­

ule, the Object Inspector allows 
you to examine and set its proper­--ties and any associated events. 

6. Easy Pickings. Pull-down pick 
lists are just one of many interac­
tive tools at the application 
designer's disposal that simplify 
the work of the eventual user. 

al query design interface, placing result 
fie lds in a window automatically. You can 
customize record layouts and display a 
multi record view. This is the only product 
here that builds in "query by form, " where 
the user puts a form into query mode and 
enters selection criteria directly. You can 
search on any Dara Window field. 

With PowerBui lder you can produce 
sophisticated reports, including multi­
level grouped reports, that users can 
launch directly. However, previewing, 
browsing, or printing selected pages 
requires a separate program, InfoMaker, 
that's a lso included but is particularl y 
awkward ro launch from 32-bit Power­
Builder app li cations. continued 
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Cli ent/S erverLab Report 

SQLWindows 5.0 
With Gupta's SQLWindows, developers 
work in an interface called the Outliner, 
a program editor in which you can drill 
down to varying levels of detail. The Out­
liner lists, in outline form, th e compo­
nents and subcomponents making up an 
application. Code is re lated to specific 
components in the outline. 

T he package provides a variety of tools 
fo r developing forms, including Quick­
Forms. H owever, NSTL was unable to use 
all these fac ilities in testing because of a 
32,768 -record limit ; instead, we were 
force d to use standard SQL cursors. 

Deve lopers use ReportW indows to 
design reports, although the main SQL­
Wi ndows appli cat io n manages actua l 
record retrieval. It incorporates the data 
into the report format via a complicated 
set of event procedures. 

The Team Windows module stores the 
pieces of an applicati on in a repository on 
a database server. T his repository stores 
reusable objects that might be needed fo r 
multiple applications, as well as serving 
as a version control system. 

This is a short summary of a complex 
product that clearly fi nished last in these 
tests. H owever, Gupta has changes in the 
pipeline for the next version (see "New 
Releases Move the Target" at right), so 
successors to SQLWindows should not be 
counted out. 

Visual Basic 4.0 
H istorically, M icrosoft's Visual Basic has 
suffered fro m weak database access fac il­
ities. But version 4.0 (Enterprise Edition) 

CLIENT/SERVER 

BEST OVERALL 
Borland Delphi 
Client/Server Suite 2. 0 

Outstanding performance that's 
head and shoulders above the 
competition, plus features on par 
with the best of the rest. 

Delphi Client/Server Suite 2.0 

Visual Basic 4.0, Enterprise Edition 

SOLWindows 5.0 

PowerBuilder Enterprise for Windows 4.0 

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

New Releases Move the Target 


The two products that finished last in our comparison-PowerBuilder and SQLWindows­
aren't standing still. Powerful new versions of both will likely be out when you read this. 

Gupta considers its new release so important that it's giving both the company and 
the product the same new name: Centura. Actually, Centura will be a family of products. 
Centura Team Developer offers component-based application development, database 
access, and team development support. Centura Application Server is specifically designed 
for three-tier development and application partitioning. Centura Ranger manages data 
replication for easier deployment of decentral ized applications, and Centura Web Data 
Publisher takes aim atthe World Wide Web. Centura Team Developer is $4995, with dis­
counts for cu rrent SQLWindows customers. Centura Web Data Publisher and Centura 
Application Server are scheduled to ship in the second or third quarter. 

PowerBuilder 5.0 offers what Powersoft calls "practical application partitioning." 
PowerBuilder 4.0 already has the ability to create nonvisual user objects- custom-designed 
components, such as windows with fields and scripts that you can copy between applica­
tions-that work in the background and return results to a visual component. Version 
5.0 takes the next logical step, allowing you to move these nonvisual objects to a remote 
server. Powersoft claims there is virtua llyno learning curve for developers already famil­
iar with nonvisual user objects. 

Version 5.0 also has Object-Cycle, a server-based object management system that 
supports multiple versioning, plus a compiler for improved performance. Other enhance­
ments include OLE 2.0 automation for both clients and servers. Windows 95 functional­
ity, an improved script editor, and an object browser.While these enhancements are exten­
sive, they bring PowerBuilder only up to functional parity with its competitors. 

catapults it to the top tier of client/serv­
er products, int rod ucing remote data 
control, which bypasses the Jet database 
engin e t o p rovi de d irect access to 
client/server databases. This remote data 
contro l is especially well integrated with 
M icrosoft SQL Server, providing support 
for such server fea tures as server-side cur­
sors. M icrosoft a lso provi d es cl ear 
instructions on how to implement remote 
automation, which allows for parti tioned 

DEVELOPMENT 

applications (see the Technology Focus 
on page 130.) 

Visual Bas ie's interface is similar to 
Delphi 's . A new projec t begins with a 
blank for m, on w hich yo u place con­
trols selected from a palette. You set prop­
erties fo r the form or individual controls 
by entering options in a property grid. 
Double-click on a component icon when 
you want to write code. 

VB uses Open Database Connectivity 

TOOLS RATINGS 

Overall Performance Rating 
Delphi Client/Server Suite 

Visual Basic Enterprise Edition 

PowerBuilder Enterprise for Windows 

SQLWindows 

PRICE TECHNOLOGY IMPLEMENTATION PERFORMANCE USABILITY OVERALL VALUE 

$2000 **** ***** ***** *** **** 
$999 **** **** **** *** *** 
$3495 *** ***** ** *** ** 
$3295 *** *** ** *** ** 
*** Good **Fair * Poor 
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Prebuilr OLE conrro/s /er 

you add power 10 solurio11.1· 


withou/ ha ving 10 


wrire a/I rhe code yourself 


Tools for incorporaring 

enhanced replication 


111a11ageme111 in your solutions. 


Royalty-free license 

enables vou ro distrib111e 


Microsoft Access solurions 

to all your users. 


?
•~---------1
c: Tools can do many things. 

Unfo rtunate ly, compl ete ly 

e liminating work is not one of Data Replication lets you easi ly synchronize data between multiple copies of a database. 

them. Still , too ls do make work Visual Basic"' for Applicatlons gives you an improved integrated development environment. 

less laborious, whether you' re 
New wizards make importing, analyzing, and creating databases even easier. 

buil ding a house or a re lational 

database . Plus, a language reference guide To find out more about the 

Should you be building the and a royalty-free li cense to di s­ Mi crosoft Access Developer 's 

latter, the Mi crosoft® Access tribute soluti ons to all your users. Too lk it and Mi crosoft Access 

Developer ' s Toolkit de li vers the By add ing enhanced capabilities for Windows 95, call us at 

tools you need to get the most to M icrosoft Access applications, (800) 259-7242, Dept. 7GY, for 

out of the new, more powerfu I the Mi crosoft Access Developer 's your free Developer Roadmap 

Microsoft Access fo r the Toolk it lets you develop and CD, or visit us on the World 

Windows® 95 opera ting sys tem. di stribute better soluti ons. Wide Web at http://www. 

Too ls li ke a new Setup Wi zard The way we see it, your job is microsoft.com/accessdev. 

and additi onal OLE contro ls, pre­ to create . Let the too ls take care 

built software co mponents you of the ted ious stuff. After all , they Microsoft· 
WHER E 00 YOU WANT T O GO TODAYf" Ican plug into your applications. don' t mind. They ' re tools. 

PROGRAMMERS SHOP EGGHEAD STREAM 
(800) 446-11 85 (800) 741-4395 (800) 692-2117 

® J 995 tvl icrosof1Corporation. A ll rights reserved. Microsoft. Visual Bas ic. and Windows arc regi stered tradema rks and Wh ere do you 11w11 10 go w dciy? is a trademark of tvlicroso ft Co rpormion. 

http://www


Lab Repo rt C lie nt/Se rver 

FEATURES · PERFORMANCE 

VISUAL We ran all test client applications on a Dell 
DELPHI BASIC POWERBUILDER SQLWINDOWS Dimension XPC P90 with 24 MB of RAM 

APPLICATION FEATURES and a 1-G B hard disk, running Windows 
Form design NT Workstation 3 .51 . The test database 
Visual query builder ti ti ti resided on a Digital DEC pc LPx 5 60 with 
Ouery byform ii 3 2 MB of RAM and a 1-GB hard disk, run-
Quick form from database table ti ti ti ti 

ning Windows NT S erver 3 .51 andti ii ii ti 
Microsoft S QL S erver 6.0 . All times areti ti 
s hown in seconds. 

Application control 
Dynamic menu building ti ti 
Multi tab dialogs ii ii ti 
Form can call another form ti ti ti 

Event handling 
Procedures triggered by events 
Detect keystroke/mouse 
click/time event 

ti 
ii 

ti 
ti 

ti 
ti 

ti 
ti 

Process based on old or new value 
Cancel any event 

ti ti ti 2 

Advanced functionality 
Incorporate VBX &OCX controls ti ti ti ti 
OLE2.0 edit·in·place ii ii ti 
Store OLE objects in database ti ti ti ti 

Accessing Full Database 
200 

150 

100 

50 

Delphi Visual Power- SQL· 
Basic Builder Windows 

SQL languagesupport 
Generic SOL ti ti 3 ti 
Engine·specific native SOL ti ti ii ii 
Transparent joins across engines ti 4 

Report generation 
Specify selection criteria, 
sort order at run time 

ti ti ti ti 

Event procedures ii ti ii 
Multiple records across page ti ti ti ti 

APPLICATION MANAGEMENT 
Application repository 
Store application components, 
reusable objects 

ti 5 ti 

Store mult ipJeversions ti 5 ii 
Store form/report templates ti ti 

Workgroup features 
Check-out/check-in ti ti ti ti 
Built-inversioncontrol ti ti ti 
Version controlfor externalfiles ti ti 

Remote automation 
Produce remote programs 
Call,exchange data with 
remote prog rams 

Remote procedures can 
access database 
Call in-process OLE server 
Call out·of·process OLE server 
Produce OLE servers 

ti 
ti 

ii 

ti 
ti 
ti 

ti 
ti 

ti 

ti 
ti 
ti 

1 
ti 

ii 
ti 

Object management 
Copy objects between applications 
Copy code sn ippets between 
applications 

Reusable object classes 
Su bclasses with inheritance 
Multiple inheritance 

ti 
ti 

ti 
ti 

ti 

ti 

ti 
ii 

ti 
ti 

ti 
ti 

ti 
ti 
ti 

1 Available in next version 
2 By retrieving status codes from database 
3 Exten sions to native commands for processing query results,e.g., INTO and FETCH 
4 Using Jet engine only 
5 Vi sual SourceSafe provides equivalent functionality but not in clienVserver database. 
tl=yes 
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A string-parsing program that doesn't access the 
server isolates front-end application 

performance. Delphi's compiled application easily 
beats the interpreted programs. 

Nondatabase Functionality 
12 ill 

~ 
10 

'. :..d
Delphi Visual Power- SQL· 

Basic Builder Windows 

Delphi is in a class by itself in terms of the time 
needed to load the order browser, display the first 

record, then move to the end of the database. 

Reporting 
150 

! 
120 

90 

Delp hi Visual Power- SQL· 
Basic Builder Windows 

• Simple • complex 

Two reports, one simple and one complex, 
point up significant speed differences between 

the fou r development tools. 
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We're Free 
for the next 

30 days, 

if you are. · 


STRUCTURED A&D 
Develop your client/server design using: 

• Information Engineering 

• Yourdon/DeMarco (event-driven) 

• Gane & Sarson 

• Ward & Mellor (real-time) 

• Decomposition diagrams 

• SSADMIV 

BPR 
Popkin Software has inrroduced a business 

process reengineering tool. Call for derails. 

55, 000 U SERS 
CAN'T BE WRONG 

Thar's the number of satisfied SA users 

worldwide, and it's growing every day. 

TRY IT FREE FOR 30 DAYS.* 

To Q UALIFYFOR A~ 


E VALUATION C OPY OF SA, 

CALL 800-732-5227, EA'T. 736 


OR FA,'< 212-571-3436. 

' Offer good in US and Ca nada on l)'. Sec disrributor 
n:lcphon c numbers below for inrcrnariona l response. 

a1I POPKIN SOFIWARE
E & SYSTEMS, INC. 
11 P ark Place , Ne w York , NY 1000 7 

REAL TOO LS FOR THE REAL WORLD. 

Circle 225 on Inquiry Card. 


System Architect is 

the award winning 

client/ server soft­

ware engineering 

tool that delivers 
higher performance - at a lower 

price. And to show you, we'll send you 

a copy of System Architect' to evalu­

ate for 30 days - absolutely free. 

O BJECT-ORIENTED A&D 
Implement your 00 design using SA 

Object. Some of the features include: 

• Support for Booch, Shlaer/Mellor, 

OMT, CoadNourdon, and Use Case 

• User-extensible repository 

• Automatic creation 	of data models 

from class models 

• Roundtrip engineering with C++ 

• Generates Smalltalk 

t: CODE 4--.~ 
l'.IKTM'.R ~U.!E 

. , ~ /"1)"1~~!~ I•I~~ 

ADVANCED D ATA .MODELING 

Develop your server design using SA's 

daca modeling capabilities: 

• Comprehensive support for the OBA 

function 

• Generates DDL from dara models for 

Oracle, Inform ix, SQL Server, Access, 

SYBASE and many others 

• Support for physical/logical data 

modeling 

• Specify referential integrity rules 

• Trigger & Stored Procedure editors 

SA sfamily oftools stores BPR, Sm1ct11red 
Annlysis & Design, Object-OriemedAnnlysis 
& Desig111111d Dnt11 Modeli11g i11fomuuio11 

in fl multi-user, shared repositoryr. 

Ausrralia/Ncw Zealand 1-800-658660 · Benelux 3 1-30-666-55-30 · llm il 55- 11-546-0246 · Chile 56·2-334-1869 ' Colombia 57· 1-4 10-1 303 · Denmark 45-4 5-999300 
England 44- 1926-450858 · f-rance 33-89-'14-4476 · German y 49-6 151 -866-620 ·Iceland 354-5-67 1920 · l ra ly 39-49-8700366 · Japan 81 -462-73-5922 
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PRODUCT INFO 

Delphi (i:lient/ SQLWindows 5.0 
Server Suite 2.0 $3495 
$2000 (Windows 3.1, 95, NT, 
(Windows 95 or NT or OS/2; 486 or faster; 
3.51; 486/25 or faster; 8 MB RAM; 24 MB disk 
8 MB RAM, 50 MB space) 
disk space) Gupta (now Centura) 
Borland International Menlo Park, CA 
Scotts Valley, CA (800) 444-8782 
(408) 431-1000 fax: (415) 321-5471 
http://www http:l/www.gupta.com 
.borland.com Circle 1025 
Circle 1023 on Inquiry Card. 
on Inquiry Card. 

Visual Basic 4.0, 
PowerBuilder Enterprise
Enterprise for Edition 
Windows, $999 
version 4.0 (Windows 3.1, 95, or 
$3295 NT 3.51; 486/25 or 
(Windows 3.x or NT; faster; 6 MB RAM; 20­
386 or faster; 8 MB 80 MB disk space)
RAM; 19 MB disk Microsoft Corp. 
space) Redmond.WA 
Powersoft Corp. (206) 882-8080 
Concord, MA fax: (206) 936- 7329 
(508)287-~ 500 http://www
fax: (508) 369-3997 .microsoft.com 
http://www Circle 1026 
.powersoft.com on Inquiry Card. 

Circle 1024 

on Inquiry Card. 


(O DBC) fo r database access . Yo u defin e 
data sources for appli cati ons by specify­
ing ODBC data sources directly. An add­
on, Data Form Designer, lets you se lect 
fi elds in a table o r query fro m a pick list, 
and then it auto mati ca ll y ge nera tes a 
form with those fie lds. 

Visual Basic, like Delphi, provides pow­
erful debugging fea tures. Besides setting 
breakpo ints, stepping through code, and 
inspecting variabl es, users can know the 
routine that called the current routine, and 
the routine that called that one, etc. You 
can also have the program break when­
ever a se lected variable's value changes. 

Yo u ge ne rate re p o rts with C ry sta l 
Reports. Yo u can pl ace a repo rt control 
in sid e a ppli cati o ns, which ca n ass ign 
properties, such as selection criteria and 
sort order, at run time. 

Making a Choice 
The last time NSTL evaluated this kind of 
software, PowerBuilder was the to p-rat­
ed p roduct. Its first-to-worst slide refl ects 
mainly considerable improvement by the 
competition . SQLWindows, a very cl ose 
second-place finisher last time, has also 
fall en behind the times. Both are due for 
heavy-duty upgrades, as detailed in "New 
Releases M ove the Target." 

Visual Basic has always been a power­
ful tool for developing Wind ows appli­
cations, with a wide variety of built-in and 
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ARCHITECTURE 

Partitioning Adds a Middle Layer 
Appl ication partitioning defines the next generation of client/server tools, some analysts 

say. Sometimes referred to as a "three~tiered architecture," application partitioning adds 

a third component, the application server, between the client and the database server. Not 

only the data but portions of the application reside on a remote machine and are accessi­

ble by multiple workstations. 

An important aspect of partitioning is remote automation-allowing a client program 

to execute remote procedures running on an application server. This can be achieved with 

Adding aNew Layer 

I 
~I ~ 

• 

The three-tier architecture interposes an 

application server that does this, 


leaving only local processing 

and presentation to the


Network clients. 

ii ii ii 
I -I I -I I -I 

In older distributed models, where a 
database server provides client 

workstations with access to legacy 
databases, changes in software or business 

policies have to be distributed to and 
implemented at each workstation. 

OLE 2.0. The real benefit comes when OLE clients can communicate with OLE servers on 
different machines. 

Like a database server, an application server can maintain business logic in a central 

location and make it available to client applications. When business rules change, the serv­

er application can be modified without the need to distribute new client applications 
throughout the organization. 

Delphi doesn 't emphasize partitioning, but it provides equivalent functions and even 

offers sample applications. Application partitioning is also the centerpiece of new releas­

es recently announced by Powersoft and Gupta (now called Centura). 

third- pa rty co ntro ls. And wi th ex ten ­ But good as th ose products are, Bor­
sive remote data support in this vers ion, land 's Delphi takes to p hon ors. Devel­
it's better than ever. o pers will find its p rocedures fo r form 

design and accessing of components sim­
Evaluations in this repor~ representthe il ar to Visual Basie 's, but in many littl e 
judgment ofBYTE editors, based on tests ways Delphi simply makes it easier and 
conducted by National Software T§sting more co nveni ent to access data from a 
Laboratories, as documented in a recent client/server database. And its speed, both 
issue ofi;.JSTL's monthly Sof~ware Digest. in database and nondatabase operations, 
To purchase a copy ofi the f ul l"repon, aon­is fa r ahead of all the competition. Ill 
tacrtJ NSTL at 625 nidge Pike, Con­

shohoGken, PA 19428; (6 10) 941-9600; 


Mark Hettler has been with Software Digest fax (610) 941-9950; eaitors@nstl.com. 
fo r five years, where he pioneered N STL'sFor a subscription, call (800) 257-9402. 


BYJ'E and NSTL are both operating units coverage of SQL servers and multiuser 


ofThe f'v!cGraw-Hill Companies. databases. You can reach him at editors @ 


bix.com. 

1 
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Jon Udell 

Web 


ast month we explo red con­
ferencing software based o n 
NNTP. This tim e we' ll look 
at some pure ly We b-base d 

conferencing systems. There are a lot of 
them-http://freenet.msp.mn.us/people/ 
drwool/webconf.html enumerates more 
than 50. All that I've tri ed offer the same 
benefits and suffer fro m the sa me d raw­
backs (see th e text box "Web-Confer­
encing Benefits and Drawbacks" on page 
136). No ne o f those that I made publ icl y 
available on The BYTE Site-net. Ge ne­
sis' ne t.Th read , All a ire's Co ld Fusio n 
Fo rums, and Lundee n a nd Associates' 
Web Crossing-captured as much mes­
sage traffic as did the NNTP-based con­
ference that I ran in para llel. 

Wh y the low pa rticipatio n ? Site visi­
tors (and BYTE staffers) fo und th e Web 

nytimes.com. 
Seewww. 
netgen.com 
for more info 
about 
net.Thread 
and other 
products 
from 

tool by Martin Zitz, 1130196 
aster at the New York Tintes by Alex Fisher, 212196 

• Agreed by Jon Udell, 214196 
• 1 reply 

low Site by G. McDo well, 212196 

Conferencing 

archy can be 
encoded in HTML 

• net.Thread is up and running by Jon Udell, 1126196 
0 Web-based Conferencing by Jeff Whatc tt, 1129196 

There's a very 
active 
net.Thread 

insta llation 
atwww. 

m "' m 

Using HTML, you 
can customize 
the look of your 
conference. 

Firot-senerati on Web­

conterencins application6 

contront t our bar rien common 

to all Web-6erver-ba6ed 

application6 

acquire and install o ther client software. 
Admini strators, o f co urse, d o have to 
acquire and install the se rver so ftware. 
Web techn o logy doesn ' t ma ke thi s job 
a ny easie r than it ever was. In fac t, it' s 
more co mplicated. You have to deal wi th 
the usual paths and permissio ns, plus a 
whole new set of paths and permissions 
arising fro m your Web server's Common 
Gateway Interface (CGI) enviro nment. 

I put net.Th read on o ur BSD/OS ma­
c hin e runnin g th e NCSA We b server, 
net.Thread and Web Crossing on an SGI 
Ind y running the Netscape Commerce 
Server, and Cold Fusion Forums on a Pen­
t ium-base d NT se rver runnin g M icro­
soft' s Internet In fo rmation Server. None 
o f the insta llatio ns went li ke clockwork. 
But none required more than a littl e fid ­
d ling, either. It wasn ' t a lot of effo rt to 
create a confere nce that 's instantly open 
to eve ry Web browse r on the planet. 

O nce installed , Web conferencing sys­
tems offer spectacul a rly easy adminis­
tra tion. You do everything through a Web 
browser. O f course, browse r interfaces 
are becoming the de facto standard fo r all 
sorts of netwo rk administra ti on nowa­
days. Printers, mai l servers, Web appli ­
ca ti o ns- anythin g that lives o n a net­
work can benefit from the ubiquity of a 
browse r-based manage ment interface. 
The Ne tsca pe News Server, I'm told , 
wraps such an interface around the stan­
dard INN engine we' re running on The 
BYTE Site. So the administra tive conve­
nience o f Web-based conferencing isn't a 
unique advantage. 

Barrier 2: Missing 
HTML Widgets 
Management interfaces work well on the 
Web because they're simple and fo rms­
based. Bu t appli cati o ns with mo re de-
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conferencing applications slow and awk­
ward co mpared to th e NNT P appli ca ­
tio ns, such as Free Age nt and the Net­
scape 2.0 newsreade r. So for now, I' m 
in clined to meet BYTE's own p ri va te and 
public confe rencin g requi re ments with 
NNTP tec hn o logy. But do n 't write off 
Web confe rencing. Today's fi rst-genera­
tion systems are already useful. O nce they 
break th rough the fo ur bar riers common 
to all Web applications, conferencing sys­
tems will be off and runn ing. 

Barrier 1: Installation 
Confe rencing springs into action with a 
mo use-cl ick. Any Web browser can run 
these applications: Use rs do n' t have to 

To combat HTIP's statelessness, Web­
conferenci ng applications continually 
retransmit user ident ity, preferences, and other 
session-specific information . 

Infor mation hier­

but only 
• Much to be desired by &x Baldazo, 6 stat ically. To 

erl? by Jon Udell, 1126196 expand a t hread 
lawness of Web conferencin by Mark J. Dulcey, 112 requi res a com­

plete di spl ay 
refresh-a new 
HTML page t hat 
represents t he 

• Web Conferencin - the rio twa to o butwi 

expanded view. 

User-interfa ce controls appear as click­
able buttons. Their act ions are defi ned by 
code t hat's auto-generated with t hi s 
page. When you cl ick on a button, the 
syste m generates a new page with a new 
set of (possibly user- customized) buttons. 



Web Project Web Conf erencing 

mandin g use r-in te rface requiremen ts 
tend to suffe r. HTM L lacks the advanced 
widgetry that enlivens modern GUI ap­
plications. In parti cul ar, it lac ks a tree 
co ntro l. Smalltalk pioneered this widget 
15 years ago, and now it's everywhere : 
N otes 4, th e Wind ows 95 Explorer, th e 
N etscape 2.0 mail and news cl ients. 

Because co nferencing o ften in vo lves 
some kind of fo rum/topi c/message hi er­
archy, tree co ntro ls that enab le use rs to 
dynamica ll y expand and collapse leve ls 
of this structure pl ay an important ro le. 
H oweve r, Web deve lopers must attempt 

to emulate these effects with a series o f 
pages that creates the illusion o f acco r­
dion structure. T his method works-but 
not too well. 

O ne solution might be Netscape frames. 
A fra me set can express an in fo rmati on 
hi erarchy as a group of linked panels­
see "Web Des ign," March BYT E, for a 
proto type o f a fra me-enabled BYTE Site. 
But frames aren't a panacea . T hey wo rk 
onl y in Netscape Nav igator 2.0, and they 
are tricky to use effectively. Even N et­
sca pe's ow n newly fr ame-enabled site 
isn't as easy to und erstand o r nav iga te 

From time to time we make the BYTE subscriber list 
available to other companies whose products or 
services would be of interest to our readers. We take 
great care to screen these companies, choosing only 
those who are reputable. Furthermore, subscriber 
names are made available for direct mail purposes 
only; telemarketing calls are strictly prohibited. 

Many BYTE subscribers appreciate this carefully 
managed program, and look forward to receiving 
information of interest to them via the mail. While we 
believe this information is of benefit to our subscribers, 
we firmly respect the wishes of any subscriber who 
does not want to receive promotional literature. Should 
you wish to restrict the use of your name, please send 
your request (including your magazine mai ling label, 
name, address, and subscription account number) to: 

BYTE 
BYTE Magazine Subscriber Services 
PO Box 555 Hightstown, NJ 08520 

~ 
A Division ofTheMcGrawHill Companies 
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BOOKNOTE 


Introduction 
to CGl/Perl 
$19.95 
by Steven E. Brenner 
and Edwin Aoki 
M&T Books/MIS:Press 

www.mispress.com/ 

If you're new to both CGI and Perl, here's 
the tutorial you'll want by your side when 
you take the plunge. 

TOOLWATCH 

cgi-lib.pl 
www.bio.cam.ac.uk/cgi-lib/ 
www.mispress.com/introcgi/cgi-lib/ 

Steven Brenner points out that the ver­
sion of cgi-lib.pl that I referred to in 
earlier columns is outdated. This new 
version includes support for the multi­
part/multiform data encoding that's 
required for uploading files by way of 
HTML forms. 

as you wo uld like it to be. And because 
a fra me set ca n include anoth er frame 
set-even itself- an inadvertently recur­
sive uni for m resource locator (URL) cre­
ates a di sconcerting hall-of-mirrors ef­
fect. Perhaps fo r these reasons, I've ye t 
to run across a fra me-base d Web-co n­
ferencing system, although I'm certain 
they' re coming. 

Another solution to the problem would 
be to add a tree control to the browser's 
arsenal o f widgets. Such a control will 
surely be one o f the first killer Java ap­
plets. Expect an ActiveX OLE implemen­
tatio n of th e sa me idea to emerge from 
the Microsoft camp. Wielding these com­
ponents, Web developers will be able to 
break throug h th e Hypertex t M arkup 
Language (HTML) ba rrier. The user-in­
terface advantage that fi xed-function 
confe re ncin g clients no w enj oy will 
erode. Extensible Web browsers will suf­
fice fo r conferencing and fo r many oth­
er kinds of applications. 

Barrier 3: Stateless HTTP 
You'd soon lose patience with a confer­
encing system th at forced you to log in 
not just once per sessio n but o nce per 
message. Yet that's just how a naive imple­

http:cgi-lib.pl
www.mispress.com/introcgi/cgi-lib
www.bio.cam.ac.uk/cgi-lib
http:cgi-lib.pl
http:www.mispress.com
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THE CANDY: Easy to take, easy to use, not to :J ~ mention immediate access to the Internet; enough 

1information to get your doctorate; e-mail that virtua lly el iminates -- I• I the need for the post office; as well as News Groups , Internet 
I MifA l l~

Relay Chat, FTP, Gopher and the opportunity to create your EDITORS' own homepage on the World Wide Web. Our award-winning, 


easy interface is fully compatible with leading Web browsers, including CHOICE Netscape. THE DEAL: For only $19.95 a month you get 
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unlimited loca l access to all the Internet has to offer and l.e;eo1oneusA no sneaky additional hourly charges to make you cranky. 
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men ta ti on of Web conferencing would 
have to work. HTTP owes much of its 
huge success to its connectionless (i.e., 
stateless) mode of operation. That's what 
enables Web traffic to flow reasonably 
well despite the high latency and lousy 
fidelity of a large portion of the Inter­
net. However, HTTP's statelessness great­
ly complicates applications-such as con ­
ferencing-that require persistent user 
identity. 

The classic solution to this problem 
retransmits user credentials on each CG! 
invocation. Both net.Thread and Web 

-~Itigy' ~~ devel~p·'i~·ading commercial applications. 

time you start trusting the leaders and try Raima? 

Call: 1-800-ASK-4-RAIMAAvailable Platforms: 
Server Client 
Netware3&4 DOS Contact Raima for a user profile R 
WlodowsNT WlodowsNT of Cheyenne Software and ;; 
Wlodows9S Wlodows9S other demanding Raima users. ~ OS/2 OS/2 
sco sco 
AIX AIX 
HP-UX HP-UX RAIMA
Solaria Solarls 

If it's fast - it's Raima. 

Raima Corporation, 1605 NW Sammamish Rd. #200, Issaquah, WA 98027 USA 

Inside the USA: 1-800-275-4724, Outside the USA: 206-557-0200, 


Fax: 206-557-5200, Internet: sales@raima.com 


Germany: 49 7022 9256 0 Singapore: 65 334 0061 Italy: 39 49 80 77 140 Argentina: 54 19541 414 

Spain: 34 3 225 39 95 Raima UK Ltd. : 44 1 273 8 19 292 France: 33 I 44 61 00 42 


Australia: 612419 7177 Denmark: 45 44 88 99 00 Raima Benelux: 31215944 738 

Colombia: 57 1 62 I 0 070 Taiwan: 886 2 503 3006 Norway: 47 22 110 950 Sweden: 46 13 111 588 


Finland: 358 0 8045 130 Japan: 81355484831 Russia: 7 812 316 1965 

Distribution 0 ortunities Available 
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Crossing work this way. Because these 
systems dynamically generate a ll the 
HTML pages that users see, they can in­
sert credentials into the a ct i on= at­
tribute of each page's <form> tag. Hid­
den fields are another way to achieve 
the same result. (See " Perl Magic," De­
cember 1995 BYTE, for an explanation of 
how hidden field s maintain state in the 
Virtual Press Room application.) 

A consequence of this on-the-fly gen­
eration of pages is that conference mes­
sages don't live in normal Web space 
where indexers can find them. That's a 

leading application developers 
a's Velocis" Database Server. 

Why? 

y ~qmpanies like ADP, IBM, and 
ens use Raima's embeddable, high performance, 

moot point if the system keeps messages 
in a database anyway, as do all three sys­
tems discussed here. But even if messages 
were stored as plain HTML files, this ar­
chi tectu re wou ld hide those files from 
standard Web indexing and search tools. 

Cold Fusion Forums implements an 
alternative way to create persistent user 
identity. This technique exploits the 
Netscape cookie, a name-value pair that 
a server script can create, store on the 
client, and retrieve on subsequent inter­
actions with the client. The cookie works 
in Netscape Navigator (which accounts 
for 75 percent of BYTE Site visits) and 
Microsoft Internet Explo rer (9 per­
cent), but not in Mosaic (8 percent) or 
WebExplorer (3 percent) . Because the 
cookie remains on the client until it ex­
pires, Co ld Fusion Forums can remem­
ber a user not only during a conference 
session, but also across sessions. 

Systems that use cookie-based authen­
tication typically generate pages on the 
fly, as do systems that transmit creden­
tial s on the CG! command line (or in 
hidden form variables). The program that 
writes the HTML pages governs access 
to them using cookie data that it extracts 
from the CGI environment. 

Can you use cookie-based authenti­
cation in an application that's based on a 
static archive? Yes. Some Web servers, 
including Quarterdeck/Star Nine's Web­
Sta r and Microsoft's Internet Informa­
tion Server, can insert filters into the pro­
cessing ofclient requests. These filters can 
inspect and act on CGI environment vari­
ab les . So yo u can extract cookie data 
without having to wrap an entire CG! 
application around every page of an ar­
ch ive. Of course, the mechanisms are 
server-dependent. 

Barrier 4: The CCI 
Bottleneck 
The 16-MB 486/50 Dell on which INN 1.4 
runs happily couldn't handle net.Thread. 
It was unusably slow. (On an SGI Indy, 
however, it ran quite we ll.) Why rh e 
molasses-like performance on the Dell? 
Every user action in net. Thread requires 
the server to suck in and interpret a big 
chunk of Perl code. The only way to scale 
up, given this arch itecture, is to throw 
more hardware at the problem. 

Net.Genesis says version 2 will rely less 
on Perl, more on compiled C code. Does 
that mean an interpreted language like 
Perl can't break through the CG! bottle­

mailto:sales@raima.com


Real Ports. 
Real Easy. 

Adding serial ports to 
your TCP/IP network is 
now easier than ever-with 
Central Data's new EtherLite 

Port Server. 

Conventional terminal servers 
create awkward "pseudo" ports 
that are difficult to configure. The 
EtherLite Port Server is different. 
Its "real" serial ports are not 
weighed down by 
~uTuy telnet 
protocols and 
eonrusing 
configuration 
options. 

The result is increased per­
formance ll 15K baud on all 16 
lines), less Ethernet congestion, 
and a cost per port of under 
$100. Optimized device drivers 
are available for Windows NT™ 
and RISC-based UNIX.® 

Modems. 

modem cabling 
hassles with the new 
EtherLite Modem Server. 

It adds up to 16 PCMCIA 
modems in a single chassis. 

, 'When you need 

T , 
the performance of 

local ports with Ethernet 
lOBASE-T convenience, try 
an EtherLite solution from 
Centr,al Data. Evaluate one 
free for up to 30 days. Call 
toll-free 1-800-482-0397. 

Or check 
out our 

web site at 
http://www.cd.com/ 

C ircle 119 on Inquiry Card. 
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Localion: http://199.125. 99. 100/scripts/dbml.dll?te~~~

Thread 

Importance of database substrate? r*ec!itthread*J 

6 Messages posted to t!U'ead: 
-+ 02/01196 - This conferencing product showcases an underlying Web-to-dat . (Jon Udell) 

'I+ 02/01/96 - Jon- You raise several good questions about various techn. (Jeremy) 
21+ 02125/96 - I'm a long time BIX member and !he question ofunderlying D .. (Bill Nicholls; 

01+ 02126/96- I agree Bill. Thats why I like raw text 

31+ 02126/96 - >Rew text .. Maybe we have a definition problem here. Raw ... (Bill Nicholls' 
~ -
,. 02129/96 ­ OK. PoinHaken. It!s notrew text anymore . It!s structured .. 

'This conferencing product showcases an undi.......,~~--------­
technolo,P;ll, Cold Fusion for which there 1[_e clearly a zillion applications. 

Web Project Web Conferencing 

Web-Conferencing Benefits and Drawbacks 
BENEFITS 
Web conferencing 

0 Universal client; no software installation 

required 
0 Relies on connectionless HTTP, which 
scales well and tolerates lousy networks 

0 Supports public and private conferencing 

0 Rich text, graphics, and hyperlinking 

0 Travels easily through many gateways 
and firewalls 

DRAWBACKS 
Web conferencing 

@ Immature; cumbersome user interfaces 

e No server-to-client replication 

e No server-to-server replication 

0 Full benefit @ Partial benefit €1 No benefit 

dbml.dll is the ISAPI version, more efficient 
than dbml.exe (the CGI version) because it 
shares the Web server's address space. 

Version 2, Allaire says, will work with ODBC­/l!l!l••==•••1111n11 compliant text indexers. See www.allaire.com 
file E.cit Yiew :rio l!.ookmllrks for more information about Allaire products. 

nler/messages. dbm&Thread_! 

-- because it's so.. (Jon Udell) 

(Jon Udell) 

Forums uses local references from 
message titles (above) to message 
bodies (below). This technique mini­
mizes the number of pages users must 
request from the server-a single 
HTML page contains a whole thread. 
However, when the thread hierarchy is 
visible, messages aren't , and vice 
versa. It's a real challenge to build a 
rich and responsive user interface in 
vanilla HTML. 

NNTP comparison 

@ Relies on separate newsreader (but 

these are common) 

& Relies on connection orientation, 

which is less scalable and less 

fault-tolerant (but still usable) 


0 Also supports public and private 

conferencing 


& Hyperlinking and rudimentary graphics 

supported in some newsreaders 

(e.g., Navigator 2.0) 


e Won't go easily through firewalls 

NNTPcomparlson 

0 Sophisticated and responsive user 
interfaces 

@ Some newsreaders (e.g., Forte's Free 
Agent) work off-line 

0 Mature server-to-server replicatior:i : 
It's the backbone of the Usenet 

Running on top of Cold Fusion, a Web-to-OOBC 
(Open Database Connectivity) integration layer, 
version 1 of Forums handles basic text search. 

. 

f 

. 


neck? Not necessarily. Consider building 
an application engine in Perl that runs as 
a daemon, along with a lightweight CGI 
stub that transmits user requests to the 
engine and receives data from it. This ar­
chitecture will improve any CG! appli­
cation, compiled or not. 

Two compiled applications that take 
this approach are Web Crossing, whose 
engine ran as a Unix process on the Indy, 
and Cold Fusion Forums, whose engine 
ran as an NT service on a Pentium-based 
Dell. Web browsers talk to both applica­
tions' engines by way of compiled CGI 
stubs. With the engine always running, 
the bottleneck becomes the Web server's 
ability to execute the stubs. Convention­
al CG! technology requires the server to 
spawn a process for each stub invocation. 
That's expensive, particularly on NT. 
High-performance alternatives are emerg­
ing in the form of AP!s that enable Web­
server-based applications to run as exten­
sions of Web servers. 

Cold Fusion Forums supports three of 
these : the Netscape server AP! (NSAPI), 
the WebSite AP! (WSAPI), and the Process 
Software/Microsoft Internet Server API 
(ISAPI). I downloaded the !SAP! version 
of Forums (see the screen at left). It re­
places the regular stub (dbml.exe) with 
an al ternative one (dbml.dll) that runs 
in-process as an extension of the MS In­
ternet Information Server. (In theory, it 
also works with Process Software's Pur­
veyor, although I didn't try that.) Was it 
faster? Not noticeably; however, our con­
ference didn't generate enough traffic for 
a real stress test. 

Web vs. News 
Scanning the chart above, it's easy to see 
what requirement disqualifies either an 
HTTP- or NNTP-based conferencing sys­
tem. Need to cross firewalls? NNTP los­
es. Need replication? HTTP loses. 

It's harder to judge the benefits ofeach 
approach because both are evolving at 
warp speed. Based on the reactions ofvis­
itors to The BYTE Site, NNTP wins. Bur 
the boundaries are already blurry. News­
readers are rapidly becoming more brows­
erlike and vice versa. What matters is not 
how you deploy conferencing, but that 
you deploy this vital and underutilized 
communications tool. llJ 

Jon Udell is BYTE's executive editor for new 

media. You can contact him by sending e-mail 
to judell@bix.com . 
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Clusters for the Masses 

Stan dard6-ba6ed method6 br ing abou t 

clo6ed clu6ter6 · laM Mand. 

By Salvatore Salamone 

ultiprocessing fans say two heads are better than one. 
But proponents of clustering believe that it's even 
better if you throw some extra bodies into the mix. 

Clustering jo ins many systems together into one 
virtua l system. Theoretically, this means that applicati ons can 
run on any system in the cluster, and that people working at all 
the systems in the cluster have access to the same data. A cluster 
of computers is scalable, fas t, and fault-tolerant. 

Unfortunately, we don't 
li ve in a theoreti cal wo rld. 
The main o bstacl e to thi s 
transparent clustering is that 
diffe rent hardware and dif­
fe rent OSes don't often coop­
erate with each other. To set 
up a cluster today, you'd have 
to pu rchase yo u r sys t ems 
from the same ve nd o r, run 
the same OS on them all , and 
run the same clustering soft­
ware on them to have a per­
fect cluster. 

There is hope, howeve r, 
in the form of emerging stan­
dards, especially in the Win­
dows NT arena. H ere's a look 
at where clustering technol­
ogy stands and wh er e it 's 
headed. 

What Clustering 
Is Good For 
Simply put, clusters increase 
availability and performance 
by loosely coupling two or 
more systems. These systems, 
however, appear to yo u as 
one. When yo u log in to a 
cluster, you needn' t know which system in that cluster you're 
Jogged in to. Ifone system in the cluster fail s, another takes over. 

It so unds like a simple fault-tol erant system, but it has an 
advantage. In a fa ult-tol erant system, you wi ll typ ically have 
duplicate components that stand by until something bad hap­
pens. In a cluster, however, all components are hard at work 
divvying up work. When something goes wrong, the other sys­
tems in the cluster compensate. Unlike a fault-tolerant system, 
however, you may notice performance degradation when some­
thing fails because the cluster will balance th e same load on 
fewer systems. 

According to Donna Scott, research di rector at the Gartner 
Group, an information technology consultancy, the performance 
angle for clustering is sometimes ove rsta ted . "Clusters are 
good fo r reducing downtime," she says. "It's possible you can 
get a performance boost by adding a node," but you may gen­
erate more contention fo r a shared device, thereby actually low­
ering the overall performance. "Scalability has not been shown 
to be terrific in a shared data cluster," according to Scott. 

An excellent example of 
clustering occurred two years 
ago, when 1500 computers 
on the Intern et worked for 
about eight months to break 
RSA Data Securi ty's encryp­
ti on key challenge. This clus­
ter exemplifies high perfor­
mance (it was the first system 
to break the key), fault tol er­
ance (the systems involved 
went on and off the Internet 
unpredictably), scalabil ity 
(1500 systems), and load bal­
ancing (th e wh ole system 
used only free CPU cycles on 
the systems involved) . 

N odes in small cl usters 
th a t a re a im ed a t business 
applica ti o ns typica lly are 
co nnected to ge ther using 
standard network links or 
o ther commo n inte rfaces. 
For example, it is quite com­
mon to link servers over an 
Ethernet or Fiber Distributed 
D ata Interfa ce (FDDI) net­
wo rk. Simila rly, you might 
see sys t ems sha ring re­
so u rces, such as memory, 

th rough a SCSI connection o r a proprietary link. Digital Equip­
ment's VMSclusters, fo r example, can run over either the pro­
prietary Cluster Interconnect (CI) bus, DSSI (which is similar to 
SCS I) , or SCSI. And we' re just starting to see clusters brought 
together using newer technologies such as asynchronous trans­
fer mode (ATM) or th rough a M emory Channel Interconnect 
interface, a clustering interface developed by Digital. 

Lock Management Is Key 
Any application can run on some kind of cluster, even if it isn't 
designed to d o so : If yo u log into a YMScluste r and run a 
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spreads heet , yo u 're runnin g th e sa me 
spreadsheet as yo u would if th e VAX 
weren' t part of a cluster. 

But this spreadsheet isn't taking advan­
tage of a ll the cluster's fea tures. Say you 
had some difficul t computation to run in 
that spreadsheet. It would run on only one 
processor in the cluster, and if rhe system 
that the spreadshee t were running o n 
failed, it would crash. 

To take advantage of a cluster 's load 
balancing and fault tolerance, you have 
to write it to use the OS's clustering AP!s. 
Such APls give an applicati on access to sys­
tem resources, including CPUs, memory, 
storage devices, and 1/0 drivers to periph­
erals. It is often a nontrivi al task. Why? 
The answer is lock managem ent. This 
becomes an issue when two users try to 
access the same record in a database, but 
they're coming in through two different 
syste ms o n th e cluster-two syste ms 
that share th e sa me di sk farm, but not 
memory or processors. 

Fortunately, major database manage­
ment system vendors, such as Informix, 
Oracle, and Sybase, have taken care of this 
problem for you. They offer versions or 
add-ons of their programs th at are geared 
to run in clustered environ ments. 

One way this is accom pli shed is 
th ro ugh a clustering sc hedu lin g pro­
gram called a distributed lock manage r. It 
works in a simil ar way to a file-locking 
mechanism in a t rad iti onal DBMS. With 
a DBMS, o ne user, for exa mpl e, cannot 
c ha nge a table t hat is be in g edited by 
another user. In a traditi onal DBMS pro­
gram, the program resides on one server. 
This makes it so mewhat eas ier to lock 
fil es . You will need a simil ar type of lock­
ing when an app lication is distributed over 
several servers in a cluster. 

But what if you wantto wri te an appli­
cation? Ideally, you could write it without 
worrying about things like record locking 
between systems. That's accomplished by 
using AP!s to give applications access to 
services that synchroni ze multiple CPUs 
and other system resources. An alterna­
tive is to use a distributed OS that han­
dles many of these things for you. 

There are also o ther ways to accom­
plish the same thing. For example, rhi rd­
party solutions, such as Local Area Mul­
ticomputer and Distributed Queuing 
System, help you break up an app li ca­
tion so that it can run over a cluster. 

Also, middl eware packages help you 
build clusters. One example of this type 
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0 ne of the challenges faced by users trying to implement clustering technology is that there 
are many ways to cluster machines and few standards. Often, you either select a single 

vendor solution or have to customize the OS and application code yourself. 
To overcome this problem, a group of networking vendors has proposed a common way to 

develop distributed 1/0 subsystems that will be crucial to the success of clustered systems. 
The proposal is in the form of a set of specifications (called 120) that describe an 1/0 archi· 
lecture. Typically,you have a host system that requires access to a subsystem (e.g., a disk array 
or a user's terminal display). The traditional way to link the host with the subsystem is to devel· 
op customized drivers for the host's OS and drivers for !he 1/0 processor in the system. 

The 120 architecture eliminates the dependency on the host OS. Additionally, the archi· 
tecture is independent of the device being controlled. 

Essentially, 120makes1/0 device drivers portable across multiple OSes, processors, and 
bus technologies. 120 accomplishes this portability by splitting the device drivers in two 
parts. One resides on the host system and one on the subsystem. 

The host portion of the driver is called the Operating System Service Module (OSM). This 
part of the driver interfaces to host-specific APls. The subsystem portion of the driver is called 
the Hardware Device Module (HOM). The HOM is specific to the controller and hardware 
device that compirise the subsystem. 

The OSM and HOM communicate through a piece of software called a communications 
layer.One of the benefits to using 120 is that it simplifies the development of clustered appli· 
cations. That's because developers do not have to write driver software for every OS and ver· 
sion of an OS. 

With efforts like 120, the industry is finally developing some standards that should make 
clustering easier to do. 

of software is Hewlett-Packard's Service­
Guard middleware, which gives you the 
ability to create a cluster ofT500 servers. 

There are also some hardware vendors 
who are gearing their products toward the 
clustered distributed re la ti o nal DBMS 
(RDBMS) approach. For exa mple, NC R 
offers a combination of serve rs and mid­
dleware to provide what is essenti a lly a 
turnkey data warehouse system for large 
orga nizations. 

Kinds of Clusters 
You ca n think of clusters in two main 
ways: from the perspective of how stor­
age devices are shared, or from the point 
ofview of how an application executes on 
the cluster. Both these perspectives have 
alternative implementations. 

Accord ing to Scott, t here are three 
main cluster arc hitectmes, di vided by 
how they share their storage: shared disk, 
shared disk with lock manageme nt, and 
shared nothing. 

In a shared-disk architecture, an appli ­
cati on has access to data o n disks on al I 
other nodes. Examp les are IBM's High 
Ava il abi lity C luster M ul tiprocessing 
(HACMP) for AIX and Hewlett-Packard's 
Multi-Computer Service G ua rd . This 
method is quite usefu l since it lets you 
keep data on machines that are optimized 
for just such a purpose. 

Shared disk with lock management is 
bas ica ll y the sa me, but it adds software 

that deals efficientl y with contenti on for 
the same data (e.g., two users who want 
to access the same record in a database). 
IBM's HACMP, Oracle's Parallel Server, 
and HP's M ulti-Computer Lock Manager 
are examples in this arena. 

In the shared-nothing architecture, an 
application running o n a node has access 
on ly to t he data on its own disk drives. 
This architecture is optimi zed for pro­
cessor-to-processor com muni ca ti o n. 
Accordin g to Scott, t hi s type of cluster 
usuall y employs data replication or a lso 
uses a shared-d isk architecture to share 
data among the systems. 

From an app li catio n 's sta ndp oi nt , 
there are rwo approaches to sharing a clus­
ter's resources. With data-sharing con­
currency, applications know about shared 
storage resources bur rake little advantage 
of the other CPUs in the cluster (see the 
figure "Breaking Up Isn't H ard to Do" on 
page 136NA 6). With parallel-execution 
concurrency, the application ca n run in 
para ll el on several processors. The for­
mer requires few code changes to give an 
application access to the cluster, while the 
latter req uires a major coding effort so 
that the application runs in parallel on sev­
eral nodes within a cluster. 

O ne of the troubles with developing 
a system based on parallel-execution con­
currency is that there are many ways to 
partition an app lication. For example, you 
might rake a complex SQL state ment and 
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Clustering 

sp lit it into a number of discr e te e le­
ments such as scan, sort, and jo in. Each 
operation is then carried out in parallel 
within the cluster. In this way, a single SQL 
query is carried out more quickly. Alter­
natively, you might instead keep the query 
intact but execute it on a number of data 
volumes or tables at the same time. 

C hoosing between parallel-execution 
and da ta-sharing concurrency often de­
pends on the application. With data shar ­
ing, yo u esse ntiall y execute th e sam e 
algor ithm o n every machin e. The a lgo­
r ithm must be modified so that it can take 
advantage of the fact that a ll the data the 
algorithm needs for its search or compu­
tation is not on any one node. So the algo­
rithm must know, for example, that some 
rows of a database table are o n this node 
and other rows on that node. However, 
overa ll th e a lgor ithm rem ains largely 
unchanged. With parallel execution, there 
must be a high degree of inherent paral­
lelism in the algorithm. Such algorithms 
typicall y perform a number of indepen­
dent operati ons sequentiall y. 

With either clustering approach, you' ll 
need a way to monitor the app lication and 

When you're contemplating buying a 
clustering system, here are some 

questions to ask: 

What is the maximum number of 
nodes? 

How far apart can those nodes be? 

What interconnects does the 
cluster use? 


How does the cluster perform load 

balancing? 


Is access to 1/0 devices symmetric, 
or is one system a master and others 
must go through it? 

If a node or disk fails, how does the 

cluster handle it? 


The Gartner Group's Donna Scott adds 
these questions: 

What types of failures does the soft­

ware check for? 


What kinds of things can fail inside 

the same box or across other nodes? 


How easy is it to set up the cluster? 


Where is the vendor taking the 

cluster? 


Can it be used with my current 

hardware? 

Breaking Up Isn't Hard to Do 
Data-sharing concurrency --c.. 

Parallel-execution concurrency 

I Search 
conducted 

across 
all data 

within cluster 

Data-sharing clusters are good when applications only need to share storage 
resources. If you also need concurrent processing, choose parallel-execution clusters. 

to ensure that the system is working as it 
should.That's where you should see some 
action this year. For examp le, HP has 
announced a package called ClusterView, 
which lets you manage clusters. It works 
on clusters fo rmed using ServiceGuard, 
which lets you lin k HP TSOO servers over 
a Fibre Chann el connecti on. 

With ClusterVi ew, you geta graphical 
view of clusters and the nodes making up 
the cluster. Like most manage ment sys ­
tems, icons representing the nodes change 
colors when a problem occurs. 

Help Is on the Way 
We can all think of many applications that 
wo uld ben efit from clu sterin g- from 
databases to e-mail servers. As appealing 
as it is t o make a ppli ca tion s clu s te r­
enab led, the re's a big obstacle holding 
everyone back: You have to customize the 
clusterizati on of an applicati on for each 
envi ron ment the application wi ll run in. 

The reason for such o ne-a t-a-time 
modifications ofapplications is that there 
are so many parameters to rake into con­
sideratio n. For exa mpl e, o ne company 
may be running an Oracle database o n a 
Windows NT-based Alpha server and a 
Unix RISC-based server. Another might 

use a ll N et Ware servers. Still another may 
have a mix ofNetWare and VAX systems. 

The cha ll enge today is to develop a 
common way to partition an application 
so that it can easily be ported to the clus­
terin g environment. On e step in th a t 
directi on is 120 , a platform-independent 
dev ice-driver specification (see the text 
box "Clusrering's Path to Platform Inde ­
pend ence?"). Ultimately, however, it's 
going to rake more than device drivers. 

To that end, Microsoft formed a con­
so rtium w ith o ther vendors including 
Digita l to develop a set of clusteringAPis 
for NT. Microsoft officials said that the 
consortium intends to deliver clustering 
AP!s in two phases . In the first phase, it 
will deliver an AP! tha t enab les you to 

write applications that can fai l over to a 
second Windows NT server. In the second 
phase, th e API will enable load balanc­
ing. This solution, however, is still OS-spe­
cific. Unfortunately, it's not likely that any 
vendor will overcome the technical and 
market hurdles to develop a truly cross ­
platform cluster. Ill 

Sa lvatore Salamone is a BYTE news editor. 

You can contact him on the Intern et at 

editors @bix.com. 
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Must-See 3-D Engines 

An in6ide look at the moot popular 3-D environment6: 


OpenGL, QuickDraw 3D, and Direct3D. 


By Tom Thomp6on 

[I]
n the film Amadeus, the Emperor says to Mozart, 
"Too many notes." Developers trying to create 3-0 
applications could just as easily say, "Too many APis. " 
At last informal count, we knew of more than 50 

(see www.cs.tu-berlin.de/-ki/engines.html for excellent infor­
mation on many of them). What's a developer to do? 

We looked at the infor­
mation about many of these 
3-0 engines and created a 
short list of three you should 
look at first: Silicon Graph­
ics' OpenGL, Apple's Quick­
Draw 30, and Microsoft's 
Direct30. Before committing 
your development efforts to 
any one of them, you should 
know how they work and 
what their strengths are. One 
caveat: As we went to press, 
we had only preliminary 
information on Direct30. 

For cross-platform work, 
consider OpenGL (available 
on Unix, Windows NT and 
95, and the Mac), especially 
if you're developing techni­
cal applications . Its client/ 
server architecture enables 
desktop systems to off-load 
graphics processing to serv­
ers. QuickDraw 30 (Q030) 
also has an advantage here, 
running on both Power Macs 
and Windows (NT and 95). 

OpenGL, however, does 
not handle some high-level 
functions (e.g., file formats). 
Q030 and Direct30 both do, removing that particular headache 
from your development list. QD30 also has hardware abstrac­
tion, plus ready-made objects and built-in editing support. 

Which one is for you? If you program for the Mac as well as 
Windows, you want to develop for QD30 . If you want to take 
full advantage of PC hardware (as a game might), both Direct30 
and Apple's RAVE (Rendering Acceleration Virtual Engine, the 
device-independent interface that QD30 uses) offer solutions. 

OpenGL 
OpenGL is the only graphics engine we looked at that ex tends 
beyond the PC and Mac to many flavors of Unix. On a Unix sys-

tern running the X Window System, a GLX extension library con­
sisting of approximately a dozen calls initializes the windowing 
environment. The extension library then sets up a rendering con­
text and makes a connection to the window's frame buffer. 
OpenGL implementations on other platforms use a similar inter­
face library to handle these system-dependent details. 

Compared to QD30 and 
Direct3D, OpenGL is not a 
high-level AP!. Its purpose is 
to draw objects. Such high­
level tasks as object editing 
and file l/O are left up to the 
application (e.g., Silicon 
Graphics' Open Inventor). 
Instead, OpenGL provides a 
platform-independent inter­
face to a low-level rendering 
engine . This interface con­
sists of about 250 drawin g 
commands that let the pro­
grammer describe objects 
and perform a set of opera­
tions to produce the fin a l 
image. You can call OpenGL 
from a variety of languages, 
including CIC++, FOR­

TRAN, Ada, and Java. 
The most interesting fea­

ture about OpenGL is that it 
uses a client/server mecha­
nism to handle graphics pro­
cessing (see the figure "Inside 
OpenGL's Rendering En­
gine" on page 138). A graph­
ics client (e.g., a 3-D applica­
tion) uses the Op enGL 
interface and the host's OS to 

transmit such graphics primitives as vertex coordinates, colors, 
and texture coordinates to a graphics server process that runs 
the OpenGL rasterizer. 

The rasterizer performs one or more graphics operations 
based on the current OpenGL graphics state and generates pix­
els. The pixel values undergo a final processing stage that includes 
texture-mapping, fogging, antialiasing, depth testing, and blend­
ing. This information goes to the client for display in the appli­
cation window. 

Normally, the client and server run on the same system. How­
ever, the advantage to the separation is that a low-cost desktop 
system can transmit OpenGL commands across a network to a 
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high-performance system running the 
se rver process, which returns images to 
the desktop machine. 

Open CL supports both an immediate 
mode and a retained mode fo r graphics 
operati ons. In the immediate mo de, an 
application se nds graphics commands to 
Open CL, which promptly executes them. 
This prov ides a qui ck respo nse to a ny 
changes to an image, a critical fea ture fo r 
interactive graphics applicati ons. 

In th e retained mod e, seq uences o f 
grap hics comm a nd s are sto red in d ata 
structures kno wn as disp lay lists. Dis­
play lists have two important advantages. 
First, if you must display a complex object 
frequently, you only have to re ference its 
display list. Second, they let object in fo r­
mation be shipped qui ckly through a net­
wo rk . A di sad va ntage is th a t fre qu ent 
modifi cations to an object require gener­
ating new object descriptions. 

A numbe r o f ve nd o rs p rov id e 3- D 
app lica ti o ns a nd to o lkits fo r use w ith 
O penGL. Open Inventor is a 3-D toolkit 
that suppl ies a nu mber of bu ilt- in graph­
ics tools such as colo r and texture editors. 
ft is ava ilabl e o n wo rksta ti o ns and W in­
dows. It saves 3-D graphics in an Inventor 

OPENGL CONTACT INFORMATION 
Appl ications developers don' t need to lice nse OpenGL. 
Companies that are creating and distributing OpenGL 
implementations and extension libraries need a license. 
They should contact Sil icon Graphics at [415) 993-3062 
fo r licensing in fo rmation. 

fi le fo rmat that's a superset of the Virtual 
Rea lity Mod elin g La nguage (VRML) , 
th e industry-sta ndard file fo rm at t hat 
describes 3-D obj ects on the Web. 

H ere's the lowdown : OpenGL lacks 
an object-o riented design like QD3D o r 
Di rect3D, but it's ava ilable on Unix, Win­
dows (NT and 95 ), and the Mac. It is also 
a standard, managed by a gro up call ed the 
Architecture Review Boa rd, whose mem­
bers include Digita l Equipment, M icro­
soft, and Evans & Sutherland . 

Ope nGL su pp orts a w id e ra nge o f 
grap h ics envi ro nm ents th at co ver th e 
spectrum in ter ms o f cost and pe rfor­
mance. On the low end, it provides soft­
ware-only rendering fo r desktop PCs. But 
it can also communi ca te d irec tl y w ith 
h igh-end workstat io ns equi p ped with 
visualization hardware that can draw 10 
mi lli on po lygo ns per second . With its 
industrial-strength graphics primitives, it 
is ideal for CAD and arch itectural design 
programs. 

OpenGL architecture 

An application directly communicates 

Commands 
executed 

with OpenGL or via a client/server 
mechanism. 

Inside OpenGL's Rendering Engine Graphics pipeline 
Graphics commands issued to pipeline 

Image data l Geometric data 

logical operations perfonned 
(masking, z.buffer checks) 

D Transformation al Rasterization 0 Display 
stage stage stage 

The interface to the graphics pipeline is a 
procedure table. The entries in this table 
point to either software modules or hardware 
accelerators. Extension libraries can have the 
pipeline make use of new hardware or features. 

OpenGL:s core API provides a number of primitives that deal with points, lines, polygon 
surfaces, rational polygon curves and surfaces, and bit-mapped images. These primi· 

tives can specify position coordinates, colors, surface normals, and texture coordinates. The 
rasterizer uses these primitives, along with OpenG L:s current graphics state, to perform such 

·graphics operations as stippling, fogging, texture-mapping, antialiasing, blending, masking, 
and depth testing on the resulting output pixels. 

To maintain portability, OpenGL doesn't support certain basic geometric objects (e.g., a 
box). However, you can assemble such objects by combining multiple primitives. The OpenGL 
Utility Library (G LU) provides commands for building such common objects as spheres,cylin­
ders, and cones. 

GLU has functions to coordinate transformations and tessellating polygons, and describe 
nonuniform rational 8 -splines (N URBS) curves and surfaces. (A NU RBS curve is a 3-0 sur­
face, analogous to a Bezier curve in the 2-0 Postscript language.) These N URBS surfaces 
can be trimmed (i.e., have holes cut in them, or irregularly shaped surfaces can be joined with· 
out cracks or overlaps), a useful property for CAD work or character animation. GLU also has 
utilities for scaling images and building texture-maps. 

fo r game designers. (This HAL is knownQuickDraw 3D 
as QD3D RAVE. It shipped as a separa te 

QD3D is a co mpl ete 3-D graphics envi­ development kit fo r both M ac and Win­
ro nment (see the fi gure "Q uickDraw 30 dows in M arch . For mo re information, 
Supports the Mac and Windows" on page see "Crave the RAVE" o n page 49.) 
140) . The top level is an AP! that enables QD3D suppo rts an immediate mode 
developers to create and manipul ate 3-D and a re ta in ed m o d e. The immediate 
objects and to read or write 3-D data to mode is identical to OpenGL's in that it's 
fi les. T his AP I ta lks to an extensible graph­ up to the app lication to supply drawing 
ics pipeline that processes drawing oper­ commands to the renderer. In the retained 
a t io ns. The pip elin e in turn ta lks to a mode, th e object-oriented-programming 
thin hard ware abstract io n laye r (HAL) (OOP) stru ctures ma inta in the scene 's 
tha t p rov ides a device-independent AP! geometry fo r display and manipulation . 

continued 
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Let Microway build your next Graphics Workstation, 

Web Server or Personal Supercomputer using 


The fastest motherboard 
on the planet... 

333 MHz, 666 Mflops 

It's aScreamer™ 
The Microway fa mily of "Screamer" motherboards utilizes the fastest 
processor ro hit rhe workstation marker in the last ten yearsl The DEC 
Alpha 211 64 nor only blows away all other CPUs, bur has the VLSI 
support needed ro build memory sys tems rhar rake fu ll advantage of irs 
numeric speed. Microway Alpha based products ser a new standard in 
price/performance for workstations. The 266/300 MHz Alpha is a clear 
winner in both the numerics and integer processing arenas. With its 
ability ro issue four pipelined instructions pe r cycle, the 211 64 hits peak 
speeds of 1200 MOPS. Common numeric operations, such a dot prod­
ucts, peak at mind-boggling, on-chip throughputs of 600 megafl ops! This 
results in Unpack rat ings that go from 100 ro 400+ mflops (as vector 
length increase) and scalar rares of 80 ro 150 mflops. Motherboards 
priced from $4995 fo r 266NT, systems from $8995. 

Memory, Cache, PCI ... 
The biggest cha llenge to running numeric in tens ive code on 

C PU's clocked ove r 200 MHz is building a cache/memory 

subsystem capable of keep ing up with the CPU's numeri c 

units. The 21164's Harvard architecture sta rts with two 

32 deep 64-bit register files, fo llowed by two BK pri ­

mary cach es and an internal 96K cache. The 

21164's externa l 128-bit data bus gets fed by 2 

to 8 MB of Bcache built with lOns SRAMS. 

The 256-bit wide interleaved memory sub­

system that backs up the Bcach e can 

hold up to 512 MB of DRAM. The 

coup de grace is th e Screamer's PC ! 

bus in te rface , which can accommo­

date both 32- and 64-bit PC ! add-in cards. The 

Sc reamer is the biggest numeric winner Microway bas intro­

duced since we made it possib le to run an 8087 in the IBM-PC in 1982! 


A motherboard by itself does not a system make. 

Microway adds the operating systems and compilers you need And more · · · 

to put the 21 164 to work. These include N T, Linux, DEC UN IX M icroway a lso design s DSP 

and OpenVMS, which now run thousands - ca rd s based o n t h e i860, pe rsona l 

of app lications including AutoCad, Exce l / I NOP ctc.+Alpha SuperComputers that run up to 24 i860's, A l­
and W ord . The Screamer and Microway 's ,1 NDPFortran · A/pha Micro pha add- in cards and 32-bit globa lly optimized, 


1
NOP F t C IC+ + d p l ·1 1 Way RISC-sch edul ed comp ile rs for th e A lpha ,or ran, an asca comp1 e rs / . p d DOS I 
are ava ilable to both OEMs and end users. i 1Cf0 entiurn an i860; running on , OS 2, 

DEC, Alpha, Open VMS and DEC UN IX TM Dig irnl. I1ay pe""'n - S"". ·· ~~l~~-· yo:li ~luex~ n ~l~ u~;~r a~~1iM,a~~~-'-'0-· ...VM"" w
NT, Excel '1nd Word TM Microsofr. AuroCad TM Auro Desk. 

Screa mer, NOP Forrrnn and Microway TM Microway. "-1!1'11iilllll!!l!ll!Mifill!l!i!!littif!f technica l staff will glad ly configure the correct solut ion. Since 


1982, Microway has earned a so lid reputa tion fo r designing 

~ t: ;~L t~ __ p_ d c- __ l ::;:; llowi1 - - _____ lle1 te- ­Mr•l"rowa1V_®______ 1__t:___f;P__::.:'._-r_ ro__u_ ts_anc..:60.;.___-1g- up with exce_- -1t__ ch ­••J ,_ Technology You Can Count On 

Corporate Headquarters: Research Park, Box 79, Kingston, MA 02364 USA• TEL 508-746-7341•FAX508-746-4678 
http://www.microwaycom • info @microwaycom • France 33 146229988 •Germany 49 6997650000 •India 91 806637770 
•Italy 39 24984655 •Italy 39 27490749 •Japan 816459 3113 •Poland 48 22 487 172 •United Kingdom 44 1815415466 
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QuickDraw 30 Supports the Mac and Windows 
While the immediate mode o ffers fin e­

grained control for those applications that 
need it (e.g., a nimatio n , w here all th e 
objects change constantly), the re tained 
mode lets you store the scene's geometry 
in an object database. The reta ined mode 
makes it easier to read and write objects, 
and it enables data structures to be cached 
fo r fast disp lay or hardwa re acceleration. 
Programm ers ca n opt to use o ne image 
mode exclusive ly, o r bo th as the situa­
ti on demands it. 

Where QD3D differs rad ica ll y fr o m 
OpenGL is that it is an object-oriented 
graphi cs syste m. A new instance of an 
obj ect can inherit characteristics fro m its 
class, including the geo met ry, size , ori­
entation, colo r, texture-maps, and light­
ing, which makes fo r rapi d constructio n 
o f a scene's objects. This also simplifies 
th e maintenance o f each o bj ect's in fo r­
mation for mani pulation and displ ay. 

Hi g h-leve l AP I co mm a nd s let yo u 
create, ro tate, edit, ill uminate, and app ly 
t ra nsfo rmat io ns to o bj ects. A widge ts 
mechanism provides visual " handles" that 
all ow you to edi t or scale an object inter­
ac ti ve ly. Thanks to QD3D's object-or i­
ented design, you need no knowledge o f 
the 3-D object 's internal structu re to per­
fo rm these acti ons. Currentl y, you can use 
o nl y CIC++ to make QD3D calls. 

Also un like O penGL, QD3D lets you 
read and write 3-D images in a common 
3-D metafi le (3D MF) fo rmat . T hi s for­
mat saves not onl y each object's geome­
try, but also its lighting and texture-maps. 
Also, 3DMF enables applicati ons to copy 
and paste 3-D graphics or drag and drop 
them into other applications. 

Apple provides the ANS I source code 
fo r the parser functi ons that read 3DMF 
fil es. Yo u can find Unix , Wind ows, and 
Mac versio ns of the parser code at http 
://p roduct.in fo . app le.com/qd 3cl/ Parser 
. HTML. In M a rc h, Ne tscape, Sili co n 
Graphics, and Apple jointly ann ounced 
plans to develo p a binary fi le fo rmat for 
Moving Worlds, a cross-p latform specifi ­
cation fo r dynamic 3-D environments on 
th e Web based on the 3DMF fo rmat. 

QD3D is for those who want the OS to 
sweat 3-D's technical details. T he AP! sup­
plies a wide variety of bas ic objects (e.g., 
lines, spheres, and cones) that let you pro­
totype a scene rapidly. It provides an inter­
fa ce tha t le ts yo u visu a ll y edit th ese 
o bjects. Its architecture is extensib le, so 
yo u ca n use third-p a rty re nd e re rs or 
o btain access to hardwa re acce lerato rs . 
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QuickDraw 30 architecture 
User interface I 

3-D application 
Input architecture 

Modeling ­ geometry, 
cameras, r;:::::;:::::;:==:::;:::;::::::;i
lights Custom geometries 

Plug-in shaders 

Shaders 

Rendering interface 

nteractive IWireframel 

Mac OS 

Plug-in accelerators (RAVE) 

Hardware 

D Core QD3D 1.1 component 

Like OpenGL, OuickOraw 30 (0030) is a platfonn·independent graphics AP!,implemented 
as shared libraries on the Mac OS and as Olls on Windows. Similar to OpenGL!s plat· 

form-specific G LX library, 0030 has approximately 10 system-dependent calls that initialize 
the graphics environment, create a window, and obtain a pointer t0 the window's frame 
buffer. In all, 0030 has approximately 1050 calls, but remember that this API manages not 
only rendering and display, but applications support and file 1/0. 

The 0030 API offers a number of drawing primitives, called geometries in Apple par­
lance. (A geometry includes the graphics command and its data. That is, a triangle geometry 
also stores its vertices' coordinates. Geometries are similar to OpenG l.!s display lists, except 
that they provide additional support for editing and file 1/0.) The initial release supported 
primitives such as a line, polyline, triangle, point, simple polygon, mesh (polygons that share 
common vertices), box, marker, and nonuniform rational 8-splines (NURBS) curve, to name 
a few. Release 1 .1 supports more complex objects, such as cylinders, cones, tori, ellipsoids, 
triangle meshes, and NU RBS patches with view-dependent tessellation. 

Yo u ca n a lso cut a nd pas te g ra phi cs active- med ia techno logy fa mily. At th e 
between app li cations o r save the info r­ time of th is writing, it is scheduled to ship 
mation into the cross-platfo rm 3DMF fo r- in th e second qua rter, fo r Windows 95 

o n ly. Mi crosoft te ll s us we can expect 
QUICKDRAW 30 CONTACT INFORMATION re leases for Wind ows NT and the Power 

There are no licensing fees for QD3D. Developers should M ac by rhe end of the yea r. On the basis 
obtain a QD3D li cense from sw. license@applelink 

of preliminary specifications, we believe .apple.com. 
that Direct3D will p rovide an excellent 

mat. Because o f its accepta nce as part of environment fo r Windows 95 3-D devel­
Moving Worlds, QD3D's 3 DMF format is opers- especially game developers. Its 
beco min g a de fac to stand ard. Finall y, cross-plat for m ca pabilit ies, howeve r, 
QD3 D is ava il able on both M acs and PCs. are currentl y nonexistent. 

Alth o ugh it is not cross -platform ,
Direct3D Direct3D hides some of the differences in 
Di rect3D isMicrosoft's3-D APL It's a new vendors' 3-D acceleration hardware (see 
ad di tion to the company's DirectX inter- the fi gure "Microsoft's 3-D Platfo rm"). It 

Graphics pipeline 
QuickDraw 3D object 

Perform geometric 
operations 

Apply lighting, 
camera angle 

Apply shading 

Perform rendering 

Perform rasterization 

QD3D has a two-stage virtual graphics D Extensible in QD3D 1.1 pipeline. Because QD3D objects use 
D Extensible in future versions an object-oriented-programming 

inheritance, the graphics state of theThird-party geometric and rendering engines pipeline is updated automatically. 
can be seamlesly added to the QD3D graphics 
environment under either Mac or Windows 
implementations. 

http:apple.com
mailto:sw.license@applelink
http:product.in
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The growth of the Internet and the increased use of Worl d Wide Web 
browsers is creating a greater need to compress data fi les . Sav ing di sk space 
and sav ing on-line phone charges are big benefi ts of compressing data fi les 
with PKZIP ®f or Windows. PKZIP for Windows compresses fi les an average 
of 50-70% with many large tex t and database files compress ing well over 
90%. PKZIP's simple po int-and-cli ck in terface lets you easil y compress one 
file or all files on an entire hard dri ve, and store them in the .ZIP fil e. 
PKWARE® prov ides the best and fastest data compression technology on the 
market, try it and see! 

PKZIP for Windows allows you to eas ily open fil es created with PKZIP fo r 
DOS Version 2.04g. PKZIP is also co mpati ble with Windows 3. 1 or hi gher 
and Windows 95 . 

Use PKZIP compression whenever you are : 

At Home 
The Internet contains many .ZIP files you can access th rough a World Wide 
Web browse r. PKZIP also lets you archi ve fil es such as the digitized fa mily 
photo album or annual budget in .ZIP fil es, sav in g you space on your hard 
dri ve. 

On the Road 
Use .ZIP fil es when sending email , storing presentati ons, or transferring fi les 
between your office PC and your laptop. 

At the Office 
Network and system admini strators save space on their servers and red uce 
traffic over the in tranet or corporate network using .ZIP fil es. 

Data compress ion is as important now as it was when hard dri ves were small 
and modems were slow. New software appli cations and the fi les they create 
continue to grow in size. In tranet and Internet traffic are grow ing at a 
phenomenal ra te. These growing trends make zipping and unzipping data 
fi les an important utility fo r everyone who uses a personal computer. 

PKZIP for Windows $49, PKZIP f'or DOS $47 plus shipping and handli ng. 

Call (414) 354-8699 

1992 Dvorak/Zoom AwardiP.KWj!WDK 1992 Prem iere Computing Magazine Award 
1992-1995 PC Computing World Class Award 
1993 Shareware Indus try Award 

The Data Compression Experts® 
9025 N. Dee!'l1ood Drive I Brown Deer. W1 53223 USA 

FAX: 414-354·8559 BBS: 414-354·8670 

Other PKWfiRE Products 
Put Your Executables on aDiet 

PKLITE TM increases your 
va luable di sk space by 
compress ing DOS and 
Windows 16-bit executable 
(.COM , .EXE and .DLL) 
fil es by an average of 45%. 
The operation of PKLITE is 
transparent. all you wi ll 
notice is more ava ilable di sk 
space! Price $46 

Software deve lopers. save di sk space and media costs 
with smaller executables. You can di stribute your 
so ft ware in a compressed fo rm with PKLITE 
Professional:" 1 PKLITE Profess ional gives you an extra 
option to compress files so that they ca nnot be expanded 
by PKLITE. This di scourages reverse engineering of your 
programs. Price$ J46 

Put compression Into YOUR Application 
The PKWARE Data Compression Library® products 
allow you to incorporate data compression technology 
into your software applications. The appl ication 
program control s all the input and output of data, 
allowing data to be compressed 10 or ex tracted from any 
device or area of memory. 

The all-purpose Data 
Compression Algorithm 
compresses ASCn or 
binary data quickly. 
The routines can be 
used wi th most 
compatib le language 
compilers. Separate 
DOS, DOS32, 
Windows. OS/2, Win32 
and UNIX versions are 
ava ilable ! Call for 
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3-D Technology 

does this by using a HAL. The HAL inter­
face lets programmers obtain information 
about the underlying hardware's charac­
te r istics, including device-specific and 
performance information. Because some 
systems might lack acceleration hardware, 
a Hardware Emulation Layer (HEL) emu­
lates these features in software. The HEL 
ensures that all the Direct3D services are 
available to an application on any system, 
possibly at reduced performance. 

Like OpenGL and QD3D, Direct3D 
supports both immediate and retained 
modes of operation. Direct3 D's reta ined 
mode resembles QD3D in that it offers 
developers an object-ori ented high-level 
interface to applicatio ns for manipulat­
ing 3-D objects. After you load an object 
using one AP! call, you can rotate and scale 
it using other AP! calls. The retained mode 
provides AP! calls that read and write a file 
format that stores 3-D data. This data con­
sists of predefined 3-D objects, meshes, 
textures, and animation sets. This file for­
mat lets applications exchange 3-D infor­
m at io n and play back animat io n se­
quences in real time. 

Direct3D's immed iate mode is a thin 
AP! layer that deals with polygons and ver­
tices. The immediate-mode AP! passes dis­
play lists composed of vertex data and 
graphics commands-known as execute 
buffers in Microsoft terminology-to the 
rendering engine for processing. This sys­
tem provides a high-performance device­
independent mechanism that lets pro­
grammers access a system's grap hi cs 
hardware or tap into hardware accelera­
tors. This mode doesn ' t offer any object 
or scene management engines; such func­
tions are the application's responsibility. 

The immediate mode is best suited for 
developers who have an application 
with its own rendering engine, yet wish 
to access a system's hardware-accelera­
tion features. Currently, you use CIC++ 
to access Direct3D calls. Support for Vi­
sual Basic is planned. 

Direct3D offers a variety of grap hics 
objects. In th e immediate mode, these 
objects include execute buffer, matrix (for 
transformations), light, texture, mate­
rial (an object's surface properties), view­
port (the screen region owned by th e 
object), device (the hardware managing 
the screen), and interface. The retained 
mode provides additional objects based 
on the immediate-mode objects, includ­
ing polygon face, mesh, frame (manages 
the position of all the objects in a scene 
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Microsoft's 3-D Platform 
Direct3D architecture 

Win32 application 

Direct3D 

Other 3·D 
engines 

(OpenGLl 

Direct3D HAUHEL 

Hardware 

The Dlrect3D pipeline usesthree 
software modules to create an 
Image. These modulescan be 
swHched under software control 
or pass data and commands to 
acceleration hardware. 

At the heart of the Direct3D architecture 
is a3·0 rendering engine that consists 

of a three·stage graphics pipeline. Each 
stage is aseparate dynamically loaded soft­
ware module. You start a ~endering opera­
tion by first making Direct3D API calls to 
set up the graphics state for each module 
and then dropping an execute buffer into 
the engine. The first module, the transfor­
mation module, processes any required 
geometric transformations on the object. 
The second module, the lighting module, 
computes the illumination for each object 
and can handle several types of light 
sources (e.g., ambient, point, directional, 
and spot lighting). The final module is the 
rasterization module, which takes the 
results of the first two modules and gener­
ates a bit-mapped scene. 

You can switch each of these modules 
on the fly via software control. This allows 
modules with different or enhanced capa· 
bilities to be substituted in the pipeline. 
Some of these modules might communi· 
cate with hardware accelerators. Note that 
it's possible for every stage of the graph· 
ics pipeline to be accelerated by hardware. 

and their orientation), shadow, and ani­
mate (used to apply transformations to an 
object, such as scaling and position). 

Direct3D is more like OpenGL in that 
it provides drawing primitives, but not 
such basic objects as sp heres, cylinders, or 
cones, as QD3 D does. It's not clear at this 
time whether such objects wi ll be avail­
able in a separate library, or whether you 
will have to construct them from scratch. 
Also, information on the interactive edit· 
ing of these objects is lacking. 

Direct3D has been a long time coming, 

Graphics pipeline 

Execute buffers 

Transform 
module •+----­Direct transform 

Lighting 

calls, graphics 
state commands 

module Direct lighting 
calls, graphics 
state commands 

Rasterization !+-__...,....____. 
module Graphics state _____ commands 

DIRECT3D CONTACT INFORMATION 
You don't need a special licensing agreement or have 
to pay roya lty fees to use DirectX 2.0 SD K, which con ­
tains Direct3D. To obta in further information about 
Di rec tX, consult t he Microso ft Web site (www 
.microsoft.com/imedia). 

but it sta nds to exorcise all the hardware 
headaches that plague both 3-D pro­
grammers and game designers. It and the 
other DirectX technologies promise to 

clean up the PC's low-level act, possibly 
achieving real device independence for all 
software, not just 3-D applications. Like 
QD3D, it has an extensible architecture 
and can take advantage of systems with 
hardwa re accelerators. It also provides 
animation features that will be of use to 
game a nd multimedia programmers. 
However, Direct3D is available only on 
systems running Windows 95, which lim­
its its audience in the short term. 

Three 3-D Choices 
Your choice of AP! clearly depends on your 
needs. The easiest question is, "What plat­
forms will the final application run on?" 
OpenGL runs on Unix, Mac, and PCs run­
ning Windows NT and Windows 95. 
QD3D has the next largest audience, run­
ning on Power Macs, Windows NT, and 
Windows 95. At present, Direct3D has the 
smallest audience, running only on Win­
dows 95. 

After that, the questions get more dif­
ficult and the answers become less black­
and-white. OpenGL is particularly good 
at technical applications such as CAD and 
architectural drawing. QD3D is here 
today. It offers high-level access to 3-D 
acceleration hardware. It also provides 
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3 -D Technology 

nonunifo rm rational B-splines (NURBS) hardware abstraction, and its animation 

support, which makes it att ractive fo r fea tures will be of use to game and multi­

CAD work. Direct3 D shou ld boast such media programmers. 

impressive fea tures as a high degree of Ga me des igners probab ly have the 


Three-dimensional rendering often consists of many small tasks that need to be done almost 
in parallel. Te boost performance, all three of the APls we talk about in this article consist 

of reentrant code, which makes them well suited to work in multithreaded OSes. However, 
there are subtle differences in how they handle threads. 

OpenGL can handle several program threads, where each thread manages a separate 
window. Alternately, several threads can divide and conquer an imaging job within a single 
window. It's important to note that reentrant code by itself doesn't guarantee concurrent 
graphics processing. The OpenGL commands that control the graphics state make con­
current processing possible by saving and restoring the graphics environment for each win­
dow as the execution context switches among threads. 

Release 1.1 of OuickOraw 30 (0030) supports interactive rendering using multiple proces­
sors or a multithreaded application. Because 0030's View class object retains the graph­
ics context, context switches between different graphics states for different threads or dif­
ferent processors are handled automatically. Unlike OpenGL, 0030 has no support for 
distributed processing 0ver a network, but 0030's architecture permits third-party plug-ins 
to do this. 

Oirect30 supports a multithreaded environment where different applications can draw to 
different windows simultaneously. It is not optimized for multiprocessing, because Windows 
95 is optimized for single-processor systems.Like 0030, retained-mode objects encapsu­
late graphics state information. This allows the graphics state of the rendering pipeline's mod­
ules to be updated automatically when a context switch occurs between threads that man­
age different scenes. Applications using the immediate mode must save and restore the 
graphics state of the pipeline themselves on a context switch. 

hardest decision to make regarding a 3-D 
API, especially for the Christmas season. 
Direct3D's presence is limited at present. 
Combined with the fac t that the Power 
Mac implementation will arrive too late 
in the year to be of value, those going the 
Direct3D route should anticipate a small 
market. Apple 's QD3D RAVE has bee n 
available fo r several months on Power 
M acs and PCs. Thus, this AP! offers the 
developer a larger market. 

While Apple's lead of several months 
in this area seems slim, remember that 
most of the QD3D components shipped 
last year and have been field-tested on the 
M ac . Altho ugh Microsoft released a 
beta version of Direct3D in October 1995, 
the specification has been under constant 
flux until recently. Direct3D thus starts 
out new when it ships. Practically, game 
programmers might opt fo r QD3 D RAVE 
fo r this year, or write to the Reality Lab 
interface until the Direct3D situati on 
settles. rn 
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...a window into your 
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within MS-Windows. 
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to~ Embedded Systems 


QNX realtime 
OS. Which 
means Photon 

scal ab ility, message­
based !PC, and n etwork­

di stributed process ing. 
The result is a rea ltime 

grap hica l platform 
never before seen 

in the PC 
world. 

runtime price tag. 

You can a lso ex pec t to save 
deve lopment time, than ks 
to Photon's easy-to-use 
AP! and ex tensible 

genera ting Photon 
Appli cation Bui lder, 

you wo n 't have to spend 
any time cod ing your 

interface by hand ­
and it won't cost 
you an a rm and 
a leg either. 

unique jump-gate connectivity... 
there's no telling how far you 
can go. And since Photon supports 

"/11e Photon Application Builder 
beats tedious hand-coded GUI 

/Jui/ding hands down! 

® 

The Leading Rea/time OS for PCs 
At last, a window into tile black box. 

Photon lets you monitor and control your 
embedded system from remote computers ­

even from non-QNX platforms. 

Looking for ways to ach ieve 
more with less? More perfor­
mance with less hardware? 
More productivity in less time? 
More bang with less buck? 

Presenting the Photon microGUl."' 
QNX's full-featured windowing 
system that can give even your 
smallest PC-based realtime systems 
a phenomena l front end . 

Breakthrough Architecture 
Photon is bui lt around a 45 K 
microkernel and modu lar 
processes, so yo u can eas il y add 
o r rem ove grap hics functi o nality 
to fit your target . 

The cornersto ne of Photon's 
event-driven architecture is the 

Breakthrough Connectivity 
Imagine being able to see 
into yo ur embedded device ­
and control it - from a remote 
QNX box. Or from an 
X workstation. Or from 
a Windows-based PC. 

Photon 's jump-gate 
connectivity'" even lets you 
"bea m" or transport an 
appli ca ti on fro m one 
QNX node to another! 

Breakthrough Efficiency 
Photo n ca n deliver high­
end, workstati on-class 
grap hics even on low-cost 
PC hardware. It uses memory 
wisely. And it comes with a low 

Breakthrough Performance 
Imagine the power of 
a high-end graphics system, 
but with the agility of a 
realtime executive. With 

Photon 's impressive 
drawing speeds 
(even across phone 
lines!) and intuitive 
UI design, your 
embedded PCs 
will look and feel 

like turbo­
charged 
workstations. 

Photon Takes You Places 
With Photon's phenomenal 
performance, incredible efficiency, 

Unicode, you'll 
be able to take 
your realtime 
solutions 
anywhere 
in the world . 

To find out more about the leading realtime OS for PCs, 
call BOO 676 0566 or 613 591 0931. (EXTENSION #1025) 
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Building Bandwidth 

111!!!11!!1!'-ll!ll!I 	year ago, bu ying ISON termi­

nal adapte rs was easie r than 
it is now. There were only a 

..__.. handful to choose from . 

Today, you must sort through a crowded 
fie ld to find the terminal adapter (TA) that 
best meets your business needs, bur you' ll 
f ind a n im proved product . T he mos t 
capab le TAs can handl e jobs ranging fro m 
PC-to- PC communications to videocon­
ferencing. 

We've selected three ex ternal , single­
line units that have the features we beli eve 

TECHNOLOGY 

IMPLEMENTATION 

PERFORMANCE 

* * * 
* * * 
* * 

are most impo rtant for serial-port com­
municati o ns, including remote LAN and 
Internet access. All three support the PPP 
used by Inte rnet se rvice provid ers (ISPs) 
a nd Mulri lin k PPP (MP) for chann e l 
aggregat io n. PPP supports a single 64­

Kbps ISON B chann el, w hil e MP aggre ­
gates up to s ix B chan ne ls for greater 
th roughput (see the Tech Focus on page 
147). 

The revi ewed TAs support V120, the 
lingua fran ca fo r PC-to-PC !SON links. It's 
an international standard for single-chan­
nel serial communi cati ons that supports 
rate negotiati on. T hese devices a lso 
include the convenience of an RJ-11 jack 
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or two. Thus, yo u ca n make o utgo in g 
calls wi th your o ld analog phone o r send 
faxes from yo ur fax machin e. The TAs 
handle the A/ D co nvers ion. In add ition 
to feature sets, we also eva luated perfor­
mance, interoperabili ty, and-because of 
th e difficulties encounte red with ISON 
insta ll ations-technical support. 

T he thr ee TAs we tested are ADAK 
Communications' Model 221, Motorola 
In formation Systems Group 's BitSurfr 
Pro, and 3Com's lmpact ISON External 
Digital Modem. (These products a re nor 
tec hni cally mod e ms. ) All come w ith 
DOS/Windows 3.x so ftwar e. Th e TAs 
from Motorola and 3Com also support 
th e Mac. Und er other OSes, yo u must 
resort to AT comma nds. By the rime you 
read this, otherTAs will have similar fea­
ture sets, including Fara ll on's Netopia 
and U.S. Robotics' Courier I-modem. 

lnterface and 
Configuration 
ISD N has two physical interfaces, U and 
S/T. The telephone network delive rs a 
two-wire U inte rface. A device call ed a 
network term inator (NT-J ) converts the 

TECHNOLOGY * * * * 
IMPLEMENTATION * * * * 

PERFORMANCE * * * 


built-in NT-1, the TAs we tested couldn't 
connect to an S/T interface. Therefore, 
we had to rewire the ISON feeds in the 
w ire roo m. Ideall y, a TA should have a 
built-in NT-1 and provide both U and SIT 
interfaces on the unit. 

ISON line configurati on, which is nor­
mall y a nasty issue, was no problem with 
any of these devices, once we wired U 
interfaces. The TAs from Motorola and 
3Com support the ISON Ordering Code 
(! OC) syste m. IOCs relate the d ev ice's 
ISDN configuration to predefin ed code 
words such as Capability S. This spares 
you fro m having to provide complex con­
fi gurati o n parameters to the telephone 
company. 

*****Outstanding ****Very Good *** Good ** Fair * Poor 

U interface to an eight-wire S/T interface. 
In a typical si ngle-line insta llati on, you' ll 
want a TA with a built-in NT-1 to convert 
th e U interface. All three revi ewed TAs 
have this feature. 

In an environment with a large net­
work, such as the test fac ility that was 
used for this review, you may have many 
incoming ISON channels arrivi ng via 
rack-mounted NT-ls located in a build­
ing's wire room. In such a case, only the 
SIT interface is provided at th e face ­
plate. However, because they all have a 



ISDN Adapte rs 

We te6t 6insle- lin e ISDN termina l adapter6 that can 

handle any job. By]ettrey N. Fritz 

ADVANTAGES: 

+ feature·rich 

+best performance 

+ supports a plethora of protocols 

+ quick, competent technical support 

DISADVANTAGES: 

- complicated configuration/operation 

- lacks autobaud 

- no Internet access software 

The ADAK 221 TA has m ore fea tures 
th a n th e o th e r two TAs we tested, 

but it's also the most difficult to set up and 
use. It hand les bo th switched and packet 
da ta , and it ope ra tes w ith many p roto­
co ls, including clear-chann el data, V.120, 
X.25, SLI P, PP P, a nd M P. Bes id es sup ­
porting analog dev ices, such as mo dems 
and fax mach ines, this TA also provides 
co nn ecti o ns fo r ex te rn al ISDN d ev ices 
th rough its SIT o utput jack. 

T he front pa nel has two Rj-11 jacks fo r 
analog dev ices, two Rj-45 jacks for th e 
ISDN U and SIT inte rfaces, and two RS­
232 co nn ectors. LEDs indi cate power, 
netwo rk activi ty, an d e r ro r sta tus. T he 
network acti vity lights indi cate U and SIT 
interface synchroniza tion but no t call sta­
tus, w hich sometimes left us wondering 
w hether we had a call acti ve. 

T he ADAK 221 is th e o nly one of t he 
th ree w ith bo t h U a nd SIT inte r faces. 
H owever, the SIT jack is deceiving; it han­
dl es o nl y exte rnal ISDN devices, not an 
inco min g SIT int e r face . Becau se th e 
ADAK 22 1 carries FCC Class A certifi ca­
t ion, it isn ' t lega l fo r residentia l use. 

T he intimidating 136-page manual is a 
highly technical document, and configu­
ra ti o n o pt io ns are co mpl ex . The doc u­
menta tio n devotes nine pages, fo r exa m­
ple, to fl ow di agrams that ill ustra te the 
uni t's many menu optio ns. C lea rl y, thi s 
is a device tha t 's designed fo r netwo rk 

and co mmuni cati o ns pro fessionals, no t configurati o n utility (it didn ' t arrive). 
fo r home or smal I office use. T he voice-configuration interface works 

Yo u can co n figure th e ADAK 22 1 through a telephone you plug into one of 
th ro ug h AT comma nds, t he ITU X.28 the analog line jacks. Voice commands are 
packe t-data co mm a nd set , its bu ilt-in supposed to guide you through the con­
me nu system, with a Windows 3.x con­ fi guration of the device, but it didn 't work 
fi gura ti o n utili ty, or, most interestingly, we ll enough to make it worth using. 
th rough a voice interface. The Windows One fl aw we no ted was theADAK221's 
utility had seve ra l bugs. With one bug, inabi lity to adapt to th e terminal speed. 
scroll bars d isappeared fro m a rexr win­ The Motorola and 3Com units moni tor 
dow, hiding off-screen data. Another bug terminal speed and automaticall y adapt 
prevented th e sa vin g o f co nfigurati o n th emse lves ro speed changes. By co m­
fi les to the host PC's ha rd d rive . Beca use pa rison, changing speeds with the ADAK 
the uti lity could properl y read and write 22 1 requ ires yo u to d o a se ri es o f awk­
co n figura ti o n in fo rm at io n to the TA's ward commands. 1f you intend to use the 
nonvolati le memo ry, the co nfiguration unit at a single preset ra re, this won' t be 
fil e was so mew hat redun da nt. ADAK mu ch o f a problem . Otherwise, its lack 
p ro mi sed a n u pdated versio n of th e of autobaud capabi lity is ve ry limiti ng. 

ARCHIT ECTURE 


Using All Your Pipes 
A Basic Rate Interface (BRI) ISDN connection provides two 64-Kbps B channels for data 

communications. Inverse multiplexing can aggregate both into a single 128-Kbps vir­

tual channel-if your terminal adapter supports it. Two of the most popular ISDN inverse 

multiplexing schemes are Bandwidth on Demand Interoperability (Bonding) and Multi­

link PPP (MP). 

Bonding is typically used for aggregating multiple B channels during videoconferenc­

ing sessions. MP, as defined in the specification called RFC 1717, is more commonly used 

for network connectivity. The main difference between the two protocols is in how the 

additional bandwidth is handled. 

Bonding aggregates channels in hardware, and the bandwidth negotiation occurs dur­

ing call setup. Once the call is in place, there is no mechanism to add or remove channels. 

MP channel aggregation, on the other hand, is generally done less expensively in soft­

ware. MP can also allocate and deallocate channels on the fly, and negotiation is rapid, 

making it ideal for the bursty nature of data applications. 

A proposed MP extension is called Bandwidth Allocation Control Protocol (BACP). BACP 

allows both ends of an ISDN connection to inform each other when they are about to 

bring up an additional channel or when they are preparing to tear down a channel. This 

will allow for cleaner administration of bandwidth changes than occurs now with MP. 

For remote LAN connections and Internet hookups, the ability to add or shed B chan­

nels is desirable, making MP preferred. For a WAN, it keeps remote-connection costs down 

by trimming channels to fit the current load. For a single user, you can have a fast two­

channel Internet connection and yet drop a channel to take an incoming voice call. 

V.120 doesn't support channel aggregation. 
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Comparison ISDN Adapt ers 

ADVANTAGES: 

+straightforward instaltation and use 

+lots of bundled software 

DISADVANTAGES: 

- kmg holds for technical support 

- lacks B channel indicators (this is not a 

biggie) 

Instead of the usual utilitari an box, Mo­
torola 's BitSurfr Pro is a slee k, rounded 

design. With a small footprint, it fits unob­
trusively on a desk. Front-panel lights indi­
cate ISDN link status, ana log call status, 
and ISDN call sta tus. LEDs a lso indi cate 
receive and transmit data. Unfortunatel y, 
there are no lights to indicate how man y 
or which B channels are connected. Bit­
Surfr Pro supports both MP and Band­
width on Demand Interoperability (Bond­
ing) channel aggregation. 

The rea r panel provid es two a nalog 
ports with Rj-1 J connectors, an RJ-45 con­
nector for the ISDN U interface, and a sin­
g le RS- 232 co nn ec tor. T h e re is a lso a 
four-position DIP switch , but other th an 
making sure that all switches are off, yo u 
don' t need to bother with it. 

An intimid atin g barrage o f e rra ta, 
addenda, and adv isories greets you upon 
opening the BitSurfr Pro carton. T here are 
no less than nine separate documents bun­
dl e d w ith th e unit. Motorol a sh o uld 
update its manual and do away with some 
of the superfluous sheets. 

Some of the additional documentation 
is due to the generous amount ofsoftware 
that Motorola bundles with the unit. 
Besides the Windows configuration soft­
ware, Motorola included NetManage's 
Internet Chameleo n, a Windows-based 

TCP/ IP package; Pacific CommWare's Tur­
boCo m/2, a Windows commu nications 
driver se t; and a limited vers ion of 
Hilgraeve's excellent H yperAccess com­
muni ca ti o ns program. Motorola a lso 
offers a version o f th e BitSurfr Pro with 
Mac so ftware (for the same price). 

It's relat ively stra ightforward to con­
fi gure and use the BitSmfr Pro. You can 
configure the device .with the Windows 
con figurat ion manager (th e most conve­
nient way), AT commands, o r a rudimen­
tar y m e nu sys te m inv oked by typing 
AT@MENU. If you have ex peri ence with 
modems, you will feel at ho me using the 
BitSurfr Pro. 

ADVANTAGES: 

+ straightforward installation and use 

+individual B cl:iannel indicatars 

+ compact, useful documentatian 

+ competent technical support 

DISADVANTAGES: 

- Spartan configuration utility 

- no Internet access software 

- doesn't let you set certain options 

The boxy 3Com Impact ISDN External 
Digital Modem is also fairly simple to 

use, th o ugh it comes with fewe r extras . 
than Motorola's offering. Unlike the Bit­
Surfr Pro, front-panel indicator lights do 
show the call sta tus for both B chann els. 
There are also D channel status, test mode, 
and powe r indi cators. Strangely, th e D 
cha nn e l statu s li ght goes off when th e 
line is sy nchronized. Also, th e Impact has 
no receive o r transm it data indicators. 

The rear panel includes one RJ-1 'I phone 
out jack for an analog device and an RJ -45 

Feature Comparison Table 


MOTOROLA 
ADAK221 BITSURFR PRO JCOM IMPACT 

v v v 
v v v 
v v v 
TwoRJ-11 TwoRJ-11 OneRJ-11 
v v v 
v v v 
Output only 
A B B 
TwoRS-232 OneRS-232 OneRS-232 

v v 

PPP 
MP 
V.120 
POTS connection 
Built-in NT-1 
Uinterface 
SIT interface 
FCC class 
Serial ports 
SupportslOC 

V'=yes; -=no 

for the ISDN U interface. The Impact h as 
one DB-9 serial connector instead of the 
larger DB-25 connectors used by the other 
ISDN TAs, bur it comes with the appropri­
ate cable and a nine-to-25-pin adapter. 

Bundled software is limited to a copy of 
the TurboCom/2 communications drivers 
and a Windows-based configuration man­
ager. The brief but well-written user 's 
manual is packed with usefu l in formation. 
A quick start guide is also included. 

The Impact's simple configuration util­
ity is too Spartan. A single screen provides 
only fiv e co nfiguration parameters, and 
th e re a re things it can't do (e.g., switch 
between PPP and V.120 or use 64-Kbps ISDN 
con nections). These and se ve ral other 
options req ui re settings registers through 
AT commands. 

Strangely, th e Impact is set up for 56­
Kbps connections by default. You have to 
specificall y set it to 64 Kbps by typing the 
command ATS60=64. Also, each time you 
run the configuration uti lity, it resets the 
S60 register back to 56 Kbps. If you don ' t 
kn ow thi s, yo u will sacr ifi ce 8 Kbps o f 
throughput in end-to-end ISDN calls. 

Performance and 
Interoperability 
We asked each vendor to provide two pro­
ducti o n units for testing. We conn ected 
one unit to the serial port of a Dell Lati­
tude 4JOOCX notebook with a 100-MHz 
486 processor and the o ther to a 120-MHz 
De ll OptiPlex XMT 5120 Pentium sys­
tem. Both systems had up-to-date se rial 
ports with buffered 16550 universal asyn­
chronous rece iver/ transmitters (UARTs} . 

As a V.120 th ro ughput test , we trans­
ferred a '155-KB bit-map fil e from one sys­
tem to the other over an ISDN connecti on 
using th e ZMOD EM protoco l with Pro­
comm Plus under DOS. At 9.6 a nd 19.2 
Kbps, the transfer performance of all three 
pairs o f TAs was similar. At 57.6 Kbps, we 
started seeing throughput differences, wi th 
the BitSurfr Pro leading slightly (see the fig­
ure " ISDN TA Comparison " on page 150} . 

When we pushed TA settings to 115 .2 
Kbps, al l the devices experienced frequent 
cyclic-redundancy-check (CRC} errors as 
data was corrupted at the higher speeds. 
Th e e rrors a nd resu lting tra nsmission 
slowdown may have bee n due, in part, to 
seria l-port limitations on one of the Dell 
systems. However, some of the CRC errors 
were du e to th e inability o f th e TAs to 
process asy nchronou s data at rates of 
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In the race to build the 
best Fast Ethernet solution, 
SMC just pulled a fast one. 

Because in tests by 
LANQuest Labs*, the SMC 

EtherPower 
I0/ I00 ""' demon­

' strated higher 
throughput than 
both 3Com and 
Intel Fast Ethernet 

....--.,.-----.,..----.cards­

.__E_•h_e_rP_o_w_er_1_01_1_00_ __.I with effi­

ciency ratings that, frankly, left 
3Com in the dust. 

On top of leading 
performance, the SMC 

EtherPower I0/ I00 provides top­
quality features. Like super-fast 
installation (30 seconds or less) . 

ll!IJ!!f'f.'" - ....., The 
industry 's 

I?~~~:~'~, .· · .,, 1· •1' .. • 1-:f\~ :I') best .. ' ' 
• . 1 

,_ 
technical 

TigerHub I00 support. 
And a highly competitive price of 
only $142 each. 

And our dominance on the 
desktop is just the beginning. 
SMC also provides complete 
Fast Ethernet workgroup solu­
tions-with the TigerHub ™ I00 
Fast Ethernet hub, and new 
SMC Fast Ethernet switches. 

To learn more about 
SMC Fast Ethernet solutions, call 
1-800-SMC-4-YOU, Dept. PT33 . 
We'll connect you with your near­
est SMC reseller- and send you a 
free Fast Ethernet topology poster 
to get you up and running fast . 

SMC® 

1-800-SMC-4-YOU 
For a free Fast Ethernet white paper, visit 

www.smc.com/fe/fe.html 

World Wide Web: www.s mc.com 
©Copyrighl 1996 Standard Microsystems Corporation. 

Circle 613 on Inquiry C ard . 

*For a complete report, visit the LANQuest Labs Web site at http://www.lanquest.com 

http:http://www.lanquest.com
http:www.smc.com
www.smc.com/fe/fe.html


Comparison I ISDN Adapters 

above 57.6 Kbps. As it was, the three TAs 
reacted differently to the problem. While 
the ADAK's transmissio n speed dropped 
less than 10 percent, the BitSurfr Pro cut 
to around half-speed, and th e Impact 
couldn' t complete the fil e transfer at all. 

If you plan to use MP with one of these 
devices fo r an Internet hookup, make sure 
your system's serial port supports a 115 .2­
Kbps rate. Also, the Microso ft Windows 
3.1 communications driver (COMM. DRY) 
supports data ra tes of onl y 38.4 Kbps or 
be lo w. This is wh y th e M o toro la a nd 
3Com TAs includ e a co py o f Pacific 
CommWare's TurboCom/2. 

We found th at intero pe rability was 
excellent with PC-to-PC communications, 
proving that V. 120 is a well-implemented 
sta nd ard . Each dev ice co uld pl ace and 
receive calls with both o f the other ven­
dors' devices and complete a Kermit trans­
fer without difficulty. 

H owever, PPP interoperabili ty was a dif­
ferent sto ry. N one of the TAs could estab­
lish a PPP session with a Cisco Co mbinet 
CB-900 Primary Rate Interface ( PRl) bridge 
operating o n an enterpri se network. In 
each case, a co nn ecti o n occur red and 
authenticati on co mpl eted , but th en the 
PPP session would simply di e. This is sur­
prising considering the amount of atten­
ti o n given to the " ISDN interoperability 
bake-offs" spo nsored by the Ca li fo rnia 
ISDN User's Gro up. It wo uld see m that 
vendors have more wo rk to do putting to 
practice what they learn fro m tes ting. 

Technical Support 
Given that ISDN installati on can be tricky 
and frustrat ing, a TA vendo r 's technical 
support is an impo rtant purchase consid­
erati on. Although the ADAK 221 has th e 
most complex insta ll ati on, ADAK also has 
the most responsive technical support. It's 
not accessible th rough an 800 number, and 
support is limited to reg ul a r bu siness 
hours, but an answer is just a ring or two 
away. The person we talked to was knowl­
edgeable about the produ ct, understood 
ISON well, and was generally help ful. 

PRODUCT INFORMATION 
ADAK 221/$999 
ADAK Communications Corp. 
Lansing, Ml 
(517) 882-5191 
fax: (517) 882-3194 
www.adak.com 
Circle 1074 
on Inqu iry Card . 

ISDN TA Comparison 

0 10000 20000 30000 40000 50000 60000 

V.120 Throughput IZMOOEMI 
(bps) 

• ADAK 221 • Motorola BitSurfr Pro • 3Com Impact 

Over a single 64-Kbps B channel, Motorola's BitSurfr Pro 

topped the field with 54.9-Kbps throughput. 

As might be expected from a network­
ing giant, 3Com prov ides good technical 
support th rough a to ll-free number. When 
we ca ll ed th e company late in th e day, 
3Com indicated that there were eight calls 
a head o f us and that its suppo rt peopl e 
would call us back the following business 
day. N ot o nly was 3Com true to its wo rd, 
we also rece ived several fo ll ow-up ca ll s 
fro m th e sa me support technician o n a 
problem we encountered with high-speed 
data transfers. 

The same effi ciency cannot be ascribed 
to 3Com's customer service. The test units 
arri ved with the wrong powe r suppli es 
(fro m marketing). Technical support indi­
cated th at this was a packaging problem, 
ass igned a case number, and referred us to 
customer service. Customer service issued 
a n RMA number and p ro mi sed to ship 
repl acement supplies to us the fo ll owing 
day. It took a week and several fo ll ow- up 
ca ll s before th e power suppli es fin a ll y 
arrived. 

Like 3Com, Motorola offers an 800 sup­
po rt number. Un for tunately, whil e sup­
port is co m pe tent, it requir es g reat 
pati ence. It takes nea rly 3 minutes just to 
nav iga te M oto rol a's vo ice-ma il syste m 
and get in to the support area. Once you 
arri ve in the support queue, be prepared 
fo r a lo ng wa it. Our first call took 34 min­
utes befo re we got a human on th e line. A 

BitSurfr Pro/$49 5 3Com Impact ISDN External 
Motorola Information Systems Digital Modem/$499 
Group 3Com Corp. 
Huntsville, Al Santa Clara, CA 
(800) 365-6394 (800) 638-3266 
(205) 430-8000 (408) 764-5000 
www.mot.com/isdn fax: (408) 764-5001 
Ci rc le 1075 www.3com.com 
on Inqu iry Card. Circ le 1076 

on Inquiry Card . 

foll ow-up call the next day put us in the 
hold qu eue for 3 1 minutes. Our third 
attempt took 46 minutes. Considering the 
lo ng hold times, o ne can o nly marvel at 
what M otorola's 800 phone bill must look 
like every month. 

Careful Choices 
The three TAs we tested worked well for 
PC-to -PC communicatio ns using V. 120. 
Because of its compli cated configuration 
and operation, the ADAK 221 is not a good 
cho ice unless you have experience with 
ISON. Th e bes t c ho ice is a tr ade-off 
between the M oto ro la BitSurfr Pro and 
3Com Impact. Both of th em get the job 
done. Because o f its unique design, bun­
dled software, and better performance, the 
BitSurfr Pro is a somewhat better choice 
for home users. 

If your intent is to access an ISP or enter­
prise network, PPP and MP interoperabil ­
ity is still a problem. Be sure to check with 
your ISP and the TA vendor before you buy 
any o f th ese devices. Yo u may also want 
to look at some of the ISON bridge/router 
products. These devices typica lly imple­
ment a mo re robust and matu re imple­
mentati on of PPP and MP. llJ 

Jeffrey N. Fritz is a telecom1111111ications engi­

neer who plans and manages W IN net, West 

Virginia University 's network. He chairs the 

National In formation Infrastructure Working 

Group and the North American ISDN Users ' 

Fortun Enterprise Network Data Interconnec­

tivity Family. H e is the author of Sensible 
ISDN Data Applications (West Virginia Uni­

versity Press) and Remote LAN Access (Pren­

tice-Hall). You can con.tact him on the Intemet 

at jfritz@wvu.edu. The author thanks Ralph 

Chapman and Bird Vi/seek for their assistance 

in testing these terminal adapters. 
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SMARTERM'° 
Enterprise Suite 

persoff 

New Smar'Term® Enterprise Suite gets you connected to the Internet and your company's hosts around 
the world! SmarTerm lets you standardize your company's connectivity software by providing everything 
you need in one package. 

SmarTerm Enterprise Suite provides top-notch 
connectivity to UNIX, IBM, and Digital hosts PLUS 
X server connectivity PLUS Windows Sockets TCP/ IP 
and LAT PLUS PPP / SLIP access to the Internet PLUS persnff· 
Netscape Navigator and newsreader PLUS free 
technical support beyond 90 days. You don 't need to 
purchase anything else. 

Connect to the universe: call 
your software dealer today! 

Persofl, Inc., 465 Science Dr., P.O. Box 44953, Madison, Wisconsin 537 44.4953 U.S.A. 

Phone 1608)273-6000, Fax 1608)273-8227, 1-800-368-5283, or sales@persofl.cam, persnp=· 
World Wide Web: http://www.persofl.com 

Persofl Inc, European Headquarters, Lower Woodend Barns, Fawley, Henley-on-Thames, CONNECTIVITY SOLUTIONS 
Oxfordshire, RG9 6JF, United Kingdom, Phone +44 IOJ 1491 638090, Fax +44 {0) 1491 6380 l 0 DOS • Windows • Ethernet • Token Rin g 

Copyrig ht 1995 Persoft , Inc . All Rights Reserved. SmarTerm and Persoft ore registered trademarks of Persoft, Inc . All other trademarks ore prope rty of their respective owners. Re v. I / 96. 

Circle 1 24 on Inq ui ry Card . 

http:http://www.persofl.com
mailto:sales@persofl.cam


Cheer up! 


Finson Software is here! 

EXPLORING CHEMISTRY 


EXPLORING PHYSICS 

EXPLORING MATHEMATICS 


Multim edia produ ets fo r 
learning educational subjects 
quickly. It allows you to learn 
th e inform a ti on e ith er 
fo llowing the topics step by 
s~e p , in the order in which 
they are presented in the table 
of co ntents , or nav igatin g 
through the co ntents accor­
ding to yo ur ow n interes ts. 

Available in English, German and Italian. 

TRAVEL 
NOTES ON CD 
This is a genuine collection 
of publications allowing you 
to rediscover nature, places 
and the peoples who have 
inhabited the earth over the 
centuries . The program , 
developed specifically for 
this col lection, lets you 
navigate through all 
the information 
on the CD. 

Available in English, German and Italian. 

FINSON srl - Via Montepulciano, 15 

20124 Milano (ITALY) 


Tel. +39-2-66987036 - Fax +39-2-66987027 

E-MAIL: MC8468@MCLINK.IT 


FINSON (UK) Ltd. - Parallel House - 32 London Road 

Gui ldford - Surrey GU1 2AB 


Tel. +44-1483-451856 - Fax +44-1483-452144 

E-MAIL: 101 333.564@compuserve.com 


Circle 1 25 on Inquiry Card (RESELLERS: 1 26) 

EXTRACAD 111 

Extracad Ill is an exceptional 
tool for drafting projects and 
diagrams for technical appli­
cations such as mechanical, 
architectural , electronic and 
civil system engineering de­
sign and so on. 
Although Extracad III stands 
out among other products of 
this type thanks to its power, 
it remains unbeatable in terms 
of flexibility and speed of use. 

Extracad III libraries 
The Extracad Ill li­
braries are the ideal 
tool for drafting 
projects in a very 
short time, however 
complex they may be, without 
having to worry about the 
detai ls required to create a 
quality product. 

Available in English, German and Italian. 
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Microsoft Exchange Server 

No "Note6 killer," E:xchange Server i.6 a very good e-mail 6y6tem 

tor Micro6ott-centric 6ite6. By Steven]. Vaughan-Nichol6 

Exchange: E-mail on Steroids 
et's get this o ut of the way 
first: Microsoft Exchange 
Server is no Lotus Notes killer. 
If it's groupware yo u want, 

programs like Notes and Netscape's Col­
labra Share are better choices. Ifyou want 
to move up from your existing Microsoft 
Mail setup, however, Exchange Server 
will do the trick while expanding the ways 
you use e-mail. 

However, if your server isn't state of 
the art, chances are Exchange won't even 
start. With a minimum RAM requirement 
of 24 MB (32 MB is recommended), 
Exchange Server isn't for companies 
making do with older machi nes . Fur­
thermore, the new Exchange cli ent, in its 
Macintosh, Windows 3. lx, and Windows 
95 incarnations, is itself a memory hog, 
requiring at least 8 MB. On our test net­
work, Exchange ran like an overweight 
fullback with a guaranteed contract. 
Lotus cc:Mail 2.01 ran circles around it. 

Both mail servers ran on 33-/66-MHz 
486DX2s with 32 MB of RAM and giga­
byte hard drives. Previous tests have 
shown that these machines are as close to 
two peas in a pod as any two servers can 
ever be. To connect with the rest of the 
network, both test systems had Artisoft 
NPro Ethernet cards set to run in NE2000 
mode using the !PX protocol. On the 
same machines, Exchange edged out 
Lotus Notes in raw mail tr ansaction 
speed, but Exchange has only a fraction 
of Notes' groupware functions. 

Exchange's slow design does have one 
thing going for it. Unlike most network 
mail systems, including its predecessor 
Microsoft Mail, Exchange puts all its mail 
eggs in one basket. Almost all mail sys­
tems place the mailboxes in one database 
or directory set while farming out mail 
gateways and message transfer agents 
(MTAs) to other systems. Exchange, in 
stark contrast, puts all mail services on a 
single machine. The slight increase in 

~ Vaughan-Nichols &Associates 
$··.. @!] Folders 

\· ..··· ~ Global Address List 
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An Exchange recipient is any object in the directory that can receive 

messages. Here, Schedule+ is identified as a mail recipient. 

danger to the mail system is more than 
made up for by having a single, integrat­
ed, easy-to-manage server. 

Exchange Server works and plays well 
with the rest of the NT Back Office Suite. 
But this is a good news/bad news situa­
tion. The good news is that if yo u're 
already committed to NT, you can buy a 

RATINGS 

TECHNOLOGY 

IMPLEMEN ATION 

PERFORMANCE 

complete, homogeneous network solu­
tion for all your office problems. The bad 
news is that you're tying your office to a 
single vendor. 

Beyond Microsoft 
Even though Exchange Server runs only 
on NT, it communicates well with other 
networks. Besides M icrosoft's Net­
BEUI, Exchange speaks fluent TCP/IP, 
NetBIOS, !PX/SPX, and AppleTa lk. Bet­
ter still, Exchange Server comes ready 
to chat with SMTP and Mu ltipurpose 

Internet Mai l Extensions (MIME); Open 
Systems Intercon nect's X.400/X.500 ser­
vices; and, ofcourse, mail programs com­
patible with Microsoft's MAP!. It would 
have been better sti ll if Exchange Server 
could talk politely to the other popular 
LAN mail transfer protocols-Lotus' 
Vendor Independent Ma il (VIM) and 
Novell's MHS. 

Exchange Server also works well at 
migrating data from preexisting net­
works and mail systems. For example, the 
program can take user information from 
the NetWare bindery or from NT's user 
register to create instant mail accounts. 
If you a lready have mail accounts on 
cc: Mail or M icrosoft Mail, Exchange 
Server can switch hundreds of accounts 
from the old systems to Exchange in less 
time than it takes to read this review. 

Groupware: Not! 
Ifyou ignore the idea that Exchange Serv­
er is groupware, it compares well with 
"mere" e-mail programs li ke Novell 's 
GroupW ise and Lotus' cc:Mail. And, 
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Review IExchange' E-mail on Steroids 

HERE ARE HOW THE TWO COMPARE IN SOME IMPORTANT CATEGORIES:
Exchange vs. Notes: 

Lotus Notes 4.0 Exchan9e Server 4.0 

No Contest Server operating systems All major PC/network/ NT3.51 

For a time before the product's release, Microsoft 
workstation OSes 

was positioning Exchange Server as a possible Client software Windows/DOS/Mac Ditto 

direct competitor to Lotus Notes, the top-selling 

groupware program. The version of Exchange that 

Supported mail protocols 

Internet integration 

VIM, MAP!, SMTP, 
X.400 
Mail, Web use, Web 

MAPl,SMTP, 
X.400 
Mail, Web use 

Microsoft finally shipped turned out to be more publishing 
of a beefed-up e-mail program than an entire Development languages LotusScript Visual Basic 

groupware platform like Notes. Database support Notes DBMS, NotesPump None 
for ODBC-compliant data 

unlike the still cranky N otes, it's much eas­
ier for developers and administrators. Of 
course, you can't do as much with Exchange 
Server as you can with Lotus Notes. Fo r 
example, N otes users have more freedom 
to pick and choose exactly which files will 
be replicated fro m their ho me system or 
server to their laptop. Exchange users, on 
the other hand, are stuck with either choos­
ing all fo lders ortediously selecting each file 
one by one. When you're on the road try­
ing to get only your vital mail while paying 
a hotel's usuri o us pho ne ra tes, thi s ca n 
become a major annoyance. 

Exchange could also stand im prove­
ment to its mail- fi lter ing co ntro ls. Notes 
and cc: M ail make auto mati c mail man­
agement much easier with their more exten­
sive and simple-to-use mail rule system. 

T hin gs d o n 't ge t better if yo u ' re a 
d eve lo per. No tes' Lo tu sSc r ipt isn ' t a 
world-beater for application design, but it 
produces better resul ts th an Exchange­
with its re li ance o n Vi sual Basic-does. 
No tes' age nt app roa ch enabl es yo u to 
qu ickly build time-sensitive applicati ons. 
Fo r example, it's easy with Notes to con­
struct a canned report re lying on data fro m 
severa l different da tabases at the close of 
the business day and have it mailed to the 
top brass. Exchange does let you take full 
advantage of OLE, but you' ll spend a good 
deal of your codin g time building basic 
wo rk-flow functi o ns th at co me sh rin k­
wrapped with Notes. 

Exchange does incl ude one excellent, 
read y-to-run gro upware a ppli ca ti o n : 
M icrosoft Schedul e +. T hi s has a lways 
been an outsta nding network scheduling 
and ca lendar package. Un for tun ate ly, 
Exchange doesn 't add much th at 's new. 
For exampl e, even though Exchange adds 
Internet mail as part of the base package, 
yo u ca n ' t sy nch ro ni ze a pp o intm ents 
across the Internet the way you can with 
Campbell Services O n Time 3.0. 
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Cbangir:19 Addresses and the Universal lnbox 
!fo provide a Un'iversal lnbox, Exchange Server must be able to translate and manage differ­

ent e-mail addressing con!.'entions. It does this by requiring the administrator to assign to 

each directory object a distinguished name (DN) that provides the information Exch.ange 
Server needs to generate equivalent addresses in X.400, Internet (SMTP), and MS Mail for­
mats (see the figure). 

"Multilingual" Translation 

Exchange Server 
O=FAB/ou=NAmerica-W/cn=recipients/cn=MariaBIDistinguished 

Name IDNJ 

X.400 address g=Maria; s=Black; o= merica-W; p=fAB; a=mci; c=us 

MS Mail It /MARIABL 

Internet (SMTP) mariabl@ me i d·W.fAB.com 

• Organization name CJ Site name Mailbox name 

Exchange takes the names of objects in the directory and converts them to 
addresses understood by different e-mail systems. 

Each ON must contain an organization name, a site name, and the user's mailbox na111e. The 
organization name may be 64 characters long. The example here shows a mailbox name that 

consists .of both the user's alias (helpful in avoiding conflicts with e-mail systems that sup­
port fewer than 64 characters) and the name of the directory container on the ser!.'er. 

To the Net and Beyond 
Despite Microsoft's all -out assaul t on the 
Internet, th e co mpany is still a jo hnn y­
co m e-late ly to the Ne t, and Exc ha nge 
shows this. W hil e Exchange's Intern et 
mail does well , with M IME and the abili ty 
to launch a Web browser by clicking on an 
embedded iURL in a message, it still fall s 
short of other programs. 

For example, Inter Notes enables Notes 
servers to be more than just Web gateways; 
it lets them1lct as actual Web sites as well. 
Exchan(e's in formation, by comparison, 
remains locked within its own databases 
unless you fee l up to some Vi sual Basic, 

H ypertext M arkup Language (HTML) , 
and OLE programming. 

The bottom line is clear. Ifyou want an 
advanced mail system, and you have the 
hardware to support it, Exchange Server 
deserves a look. Still , there 's little that 
makes it sta nd o ut fr o m cc : M a il and 
Group Wise. And if it's groupware or soft­
ware fo r collaborative real-time work you 
want, Lotus Notes and Netscape Collabra 
are unquestionably better choices. liJ 

Steven ]. Vaughan-Nichols is a freelance writer. 


You can reach h im by sending e-ma il to 

sjvn@bix.com. 

mailto:sjvn@bix.com


INTERNET 
UNLIMITED & UNCENSORED 

TM 

(Compatible with Windows 95 Windows 3.x, 
or MacintoshT: Includes Free Netscape™ 2.0) 

For just $19.95/month (no sign-up-fees, no hidden Or get it all for just $15.95 if you also sign up for IDT's 
extras) IDT will provide you with unlimited, ..--.. long-distt'\Ilce phone se1vice (always 20-50% 
uncensored Internet access (compatible with cheaper than AT&T) . No other national carrier 
DOS, OS/2, Windows'" 3.x/95 or Macintosh) can make this offe1: So what ar you waiting for? 
including free Netscape 2.0. Call IDT anytime, 24 hours a day. 

1 ·800·245·8000 

How smart people communicate TM 

Rated #1 for network reliability by the Wall Street]om-nal's Smart Money Magazine 
e...._~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-





his year, the annu al meeting 
of the American Association 
for the Advancement of Sci­
ence was in Baltimo re. There 

wasn'tas much about government pol icy 
and the Internet as I'd expected, but there 
were some surpri ses. 

The digital-reco rdin g TV camera is 
revo luti onizing th e TV docum e ntary 
business. Video News Internati onal (VNJ) 
is turning print journalists into TV jour­
nalists: th ey lend th em an editin g cam­
era, tr a in th e m in wh a t the y ca ll rh e 
"grammar of TV reporting," and send 
them off on assignments. Traditio nal TV 
journalism requires a large crew and sev­
era l crates of equipment, meaning rhar 
it's terribly expensive to keep repo rters 

When DEquals E 


m yster io us Tun guska eve nt of 1908 in 
Sibe ri a was n ' t a sma ll bl ac k ho le o r a 
comer, but instead a stony asteroid rhar 
exp loded with 15 to 20 megatons o f en­
ergy about J0 kilometers above gro und 
zero-fortunately, before the U.S.S.R. had 
reta li ato ry weapons poised and waiting. 
The asteroid had to be stone, beca use an 
iron as teroid would have left an impact 
cra ter li ke th e o ne nea r Flagstaff, Ari­
zo na, w hil e a n ice- ball wo uld have 
expl oded so high th at it wouldn't have 
had much effect. Ir would be pretty easy 
to use Chyba's data and Allegiant Tech­
no logies' SuperCa rd on a Mac to build a 
general case model of asteroid and comet 
impacts, and one of these days I may do 
th at. 

For the first time, I've seen a convincing case for doing 

something about human action in the atmosphere. 

o n-station for long. VNl's system se nds 
one reporter with a hand-h eld camera, so 
that it costs little more than putting a print 
journa list on th e scene; the camera lets 
the journalist do the editing as well. 

A recent documentary abo ut a reporter 
on a cru ise and exped ition to the South 
Pole was fini shed in weeks and cost about 
5 percent of what such docume ntar ies 
usua ll y cost. Look for ma n y othe rs in 
the future. 

With th e Niv e n/ Pournell e nov e ls 
Lucifer's Hammer and Footfall , I've made 
quire a lot of mon ey out of hitting the 
Earth with large and heavy objects. Chri s 
Chyba of Princeton presented a genera l 
model of meteoric impacts; did you know 
that rhe Earth is hit with megatons of 
impact energy every year? Fortunarely, 
most of it burns up at high altitude. 

Chyba's model makes ir clear th at th e 

An oth er new model: for the first time, 
I 've see n a co nvin cin g case fo r d o in g 
so met hin g abo ut hum a n action in th e 
atm osp here. NASA's Goddard Institute 
fo r Space Studies now understa nds how 
fluorine /chl o rin e compound s, such as 
Freo n , ca n affect ozo ne in the hi g h 
stratosphere. Ir's com plicated, requiring 
aeroso ls inj ected in to the uppe r atm os­
phere by volcanic acti on like that of Mr. 
Pinatubo to ac t as reaction sur faces for 
halogen caralyric acrivity. The bottom line 
is that the stratosphere is sa turated with 
halogens fr om hum an act iviti es, and it 
doesn't take a lo t of new halogen release 
to sustain high levels. 

The best general data source up to now 
has been the Stratospheric Ozone CD­
ROM from Lenticular Press, fo r Macs 
o nl y. The CD was co mpil ed before rh e 
ro le ofaerosols was understood ; even so, 

Jerry Pournelle 

Global environmental mode/6 

capture Dr. Pournelle ·6 

attention- and in6talling a 

removable drive on Pentatluge 

bring6 on a world ot problem6. 

a nalysis shows th a t ozone d e pl e tion 
tracks volcanic events. 

Alas, there aren ' t co mp a rabl e data 
sources for a cost/benefit anal ys is of what 
to do about this. Ban ning Freon entirely 
has some heavy costs, mostly financial 
in the U.S., bur life- threatening in much 
o f rhe Third World . The costs of ozone 
depletion and consequent increases in UV 
leve ls, parti cul arl y in th e tropics, have 
hardly been looked a t. There is proba­
bly enough data flo ating around on the 
Web for a decent ana lysis, but I haven't 
see n that do ne. The impo rtant thing is 
that w e're runnin g a n uncontrolled 
experiment o n the atmosphere, and that 
doesn't sound like a very good idea. 

On the other hand , the ev idence for 
global warming is where it was a year, or 
even a decade, ago. The th eory has been 
aro und s ince rh e turn of rh e century, 
when Arrhenius made back-of-the-enve­
lope calculations. Tf yo u increase green­
house gases like C02 (fro m burning fos­
sil fuels) and methane (a lot comes from 
rhe flatulence of domestic cattle), there 
ought to be consequent warming. 

We 've certainly add e d s ig nifica nt 
gree nhouse gases to rhe atmosphere in 
this century. H owever, our most sensitive 
instruments-ea rth sate llites that can 
detect the night temperature differences 
between a full and new Moon-aren't 
findi ng new warming. 

There' s certainly been warm ing in the 
past 200 yea rs. In ·1776, Lr. Col. Alexan­
der Hamilton dragged cann ons captured 
a t Fort Ticonderoga across the frozen 
Hudson; nowadays, the Hudson doesn't 
freeze that hard. It's difficult to connect 
that warming with hum a n indu str y, 
because most warming rook place before 
·1900 . In this century, most took place 
befo re 1950. Th ere's bee n eve n less 
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Pou rn ell e Wh en D Equ als E 

cost / benefit analys is of global warming 
and its p reventi on than of stratospheric 
ozone depletion. 

T hese matters are important. We rushed 
into " prevention" of "acid ra in" without 
adequate understand ing and wasted bi l­
lio ns of doll ars fi ghting the wrong prob­
lem. N ow that the supercomputers at Los 
Alamos and Livermore aren' t needed fo r 
weapons design, perhaps they ought to be 
turn ed loose on these potenti a ll y costl y 
environmental issues. 

M eanwhile, the economists keep look­
ing fo r the increased productivity the com­
puter revoluti o n ought to have brought 
about, and they're not findi ng as much as 
th ey ex pected . I think I kn ow w here it 
went: small co mputers finally made it pos ­
sib le for governments and co mpani es to 
co ll ect a ll the in formati on they want, and 
mu ch of o ur produ cti vity increase went 
into compliance with reporting require ­
ments, enforcement of co mp li ance, and 
not mu ch study of th e resulting reports. 

Whi le in Baltin.;ore, l installed Earrh link 
To tal Access fo r Windows on my elderly 
Ze n ith 486 no tebook. In a bo ut 5 m in­
utes, I had fu ll access to my Earth li nk Inter­
net account. It couldn ' t have been mo re 
painless, partly because I used a Supra 28 .8­
Kbps external modem. PC Card modems 
are light and convenient, but they still can't 
beat a good Supra or U.S. Robotics exter­
nal modem. 

I'd a lso intended to test Zenith's new z­
N ote MX Pentium notebook, bu t un fo r­
tunately its screen fa iled. My so n Richard 

transferred, use LapLi nk. lt always works. 
H e te ll s m e t ha t Ze n ith ' s Ac cuPa d 

mouse substitute takes getting used to, bur 
once you've used it awhile, you will pre ­
fe r it to trackball s and erase rheads. T he 
machine also gets hot ; at least once he had 
to shut it down after seve ra l hours o f con­
tinuous use. 

M ore next month. It looks like he' ll buy 
the Z-Note MX, and after he does, I' ll ge t 
another fro m Zenith. Laptops are getting 
so po wer ful th a t many busin esspeo p le 
don ' t bo ther with desktops. Ze nith's Z­
Note MX is good enough for that. 

If you have SCSI hard dri ves and Wi n­
dows 95, be very careful what you add to 
the system. 

Syquest has dominated the high end of 
th e re mova b le d r ive marke t , la rge ly 
th rough speed. T heir EZl 35 drive wo rks 
fine w ith Apple SCSI, and we had no prob­
lems with it in a Windows for Workgroups 
machine, or in RacingCow, the Gateway 
2000 P5-133X L with Win 95-but Racing­
Cow's hard drive is lD E. 

T he p roblem came when we insta ll ed 
it on Pentafluge, the Pentium 60 that seems 
terr ibly fa st because it is all SCSI, includ­
ing the boot d rive. The D istribu ted Pro ­
cessing Technology SmartCache III SCS I 
H ost Adapter rea ll y speeds up disk oper­
at ions, and fo r what I do, disk operations 
are what lim it system speed . When I write, 
I save early and o ften. 

In sta ll ing t he EZ 135 o n Pe n ta flu ge 
lo oked easy eno ugh : just use a G rani te 
Digital SCSI Vue Go ld Diagnostic Cable to 

At first glance, it looked as if that had worked; 

the drive appeared in My Computer ... 

volunteered to do a tes t. He borrowed the 
machine and called Zeni th without tell ing 
them it was an evaluati on machi ne. Being 
a new model, it was under warranty, so the 
t ec h n ica l-s upp o rt peo p le to ld him to 
ship it to them. H e sent ir on Friday; Tu es ­
day morning he got it back in perfect work­
ing order. Now my only problem is getting 
it away fro m him: he loves it. 

R ichard doesn' t use a desktop, and fo r 
co mp lex reasons had to give up hi s IBM 
Thin kPad. After exhausting the Windows 
seria l-po rt fi le t ra nsfer options, he used 
Lap Link fo r Wind ows 95 to move a ll the 
T hin kPad's fi les and programs to t he Z­
Note MX. Now he's experimenting with 
LapLin k's Internet fi le transfer capabi li ­
ties . If yo u simp ly have to get your files 

connect it into the external SCSI po rt of 
th e Sm artCac he and turn the machin e 
on. At first glance, it looked as if that had 
worked ; the drive appeared in M y Com­
puter, and I could read and write to it. I did 
some read/write tests before I realized that 
the EZ135 was the D dri ve. The D partition 
of my hard disk had beco me the E drive, 
the MaxoptixT3-13 00 optical drive that 's 
usually E had become F, and the CD-ROM 
drive had beco me G. Since a lo t o f p ro­
grams have dri ve locati ons mapped into 
them, this wouldn ' t do. 

I shut th e syste m d ow n a nd di sco n­
nected the SCSI dri ve . When I rebooted, 
Win 95 appeared to load, bur the hourglass 
never we nt away; I co uldn ' t ge t co nt ro l 
o f the system. H ardware rese t and th en 
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reboot in safe mode by ho lding down the 
Shift key as it sta rts up . That wo rked. 
C licking o n Disk Drives in th e Device 
Manager tab inside the System icon in 
Control Panel revealed that the system still 
believed a Syquest drive was attached to 
it. I deleted it. Alas, the MaxoptixT3-1300 
seemed to have vanished. You can' t do a 
hardware search from safe mode. 

Rebooting produced the eternal hour­
g lass aga in . I tri ed booting with flopp y 
disks and with the Norton Rescue disk. I 
tri ed curses. I tried evil and potent magic. 
N othing worked. In d espera ti o n, I did 
Ctrl-Alt-Del at that hourglass. I fo und that 
Exp lorer, which launches auto matically 
when Win 95 starts up, was hanging the 
system. I told Win 95 to halt Explorer, and 
behold, I had an active desktop again. 

My Co mputer showed me what was 
wrong: severa l of the drives were misla­
beled. Back to Contro l Pan el, System, 
Device M anager, Disk Drives, cursing how 

I tried curses. I tried evil and 

potent magic. Nothing worked. In 

desperation, I did Ctrl-Alt-Del ... 

hard it is to find things nested that deep. 
Eventuall y, I had a ll th e drives properl y 
labe led. Reboot again. This time, Norton 
Utilities told me I had C drive problems. 
When I ran Norton Disk Doctor, it said I 
had over a hundred errors, one in nearly 
every subdirectory. 

Disk Docto r sa id it had fixe d all the 
problems, bur when I ran it aga in, some 
re mained . I shut down and rebooted in 
DOS; then in Win 95 DOS, I ran Di sk Doc­
tor o ne more tim e. It found errors and 
fixed them. T hat did it, and Pentafluge was 
his o ld self aga in . 

I have n ' t th e foggiest notion o f w hat 
went wrong. Syq uest has some notoriously 
bad device drivers for th e EZ135, but we 
hadn 't insta ll ed any. Whatever hapQe.n.e.d 
took place at a much lower leve l. I wasn't 
particularly eager to ha ve thi s problem 
hap pen aga in , but it did see m important 
to understand the situation. Therefore, I 
got o ut th e o ld Pioneer DRM-604X six­
pack CD-ROM minichange r and hooked 
th at up th e sa me way I' d installed th e 
EZ 135. When I booted up , the DRM­
604X insta ll ed itse lf as drives G to L, just as 
it was supposed to do , and everythin g 
worked fin e. 

The next experiment was to shut down, 
Since 1984. Prices from $299. For a lower cost line for the home, 

turn off the DIUvl-604X, and reboot. Again ask for our SOI-IO catalog. GSA contract. Available for OEM applications. 
Anthro, Anth roCart and Technology Furnitu re are registered trademarks of An th ro. 
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marker and insra ll ISDN, GSM , modem or nerwo rk PC 
ca rd (PCMC LA) rype I or II. 

\'V' indows and DOS are rcgisrercd rradcmarks of 1\!licrosoft Co rporarion 

lilii 

MRT micro as. St"'msvn. 74 N-201 0 Stmmmen, 


Norway Tel. : +47 63 89 63 00 Fax: +47 63 89 63 01 

USA Tel.: + 1 303 793 3660 Fax: + 1 303 793 306 1 


Germany Tel: +49 8092 880 77 Fax: +49 8092 880 76 
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P ou rn e ll e I 
all went well. The CD-ROM dr ive re ­
mained F, the Maxoptix TJ-1300 was E, 
and the two partitions of the big SCSI hard 
disk were C and D. I then experimented 
with a Pioneer DE-UH7101 optica l drive, 
with the same result. It became G without 
any problems, and the DE-UH7101 plus the 
DRM-604X worked togeth e r, without 
changing the d esignations of the C to F 
drives. Al l that SCSI stuff worked the way 
it 's supposed to work w ith Win 95, real 
Plug and Play. 

Fina lly I gu lped hard , di sco nnected 
e ver ythin g e lse, a nd reconnected the 
EZ135. The result was the same as before: 
it installed itself as the D drive and every ­
thing was a mess. I did as little as possible 
before exiting from the system and dis­
connecting the EZl35. Reboot gave me the 
endless hourglass. Reboot in safe mode; 
open Control Panel, System, Dev ice Man­
ager, Disk Drives; remove the EZJ 35 from 
the dr ive li st; exit and reboot in regular 
mode. Ctrl-Alt-De l to close t he endless 
hourglass. 

If you have SCSI hard drives, 


be very careful, and if things lock 


up, Don't Panic. 


Device Manager again, thi s time to tell 
it that the CD-ROM drive was F and nor G 
(and I don't und ersta nd how it go t dis­
placed to G since I had don e a ll l cou ld to 
nail the drive- letter assignments down) . 
Reboot once more, a nd rearra nge m y 
de sktop, wh ich was a ll scrunched up 
because safe mode uses 640- by 480-pixel 
screen reso lution and I like J280 by l 024 
pixel s w ith my Vi ewSonic Profess io na l 
Series PT810 21-inch monitor. Now I knew 
the prob lem was reproducibl e. 

The nex t experiment: we have a new 
Pioneer DRM-624X six-pack CD -ROM 
minichanger. I tried it and got the eternal 
hourglass. When I got past that w ith Ctrl­
Alt-Del, the system cou ldn ' t find the new 
drives, but everything else worked, and 
recovery consisted of turning o ff t he 
machine a nd di sco nnecting the DRM­
624X. Understand, the DRM-624X works 

PLATFORMS: WINOOWS NT• WINDOWS 95 • OS/2 • NLM ................................. 

~ Q: What does it take to deploy a g 
~ superior client/se1Ver application? ~ 
• A: A SUPERIOR SERVER )> 

w "D 
D. .. - RESULT? A solid, r m0 advanced client-side SOK on economical, easily m 
m the market: c-tree® Plus at deployable product that fits ~ 

$895. your needs. x( 
• Complete "C" Source code • Portable -I • 
• ROYALTY FREE (Client Side) • Scalable 0 

a: • Multiple supported protocols • Exceptional Performance ~ z0 • Fast, portable, reliable • Flexible xI- • Powerful features like • Easy Server distribution 
0 transaction processing • Convenient OEM terms • 
:E • Win95, NT, and UJ nWindows 3.1 ready • 0 
x • •A DD a strong, multi­J UJz platform, industrial-strength -< 
-I Server that supports. UJ 

-4• File mirroring • m 
• Heterogeneous networking s:x • Automatic disaster recovery 

z • Multi-threaded design Heterogeneous TCP / IP Network s: 
)>J • Best price/pe1formance zavailable: from $445- $3745 w )> 
GJ> You can't find a better client SOK with these features! m

I- DOver sixteen years of proven reliability and performance. u •( No one else supports over 30 platforms in this price range! 
UJa: cw 

I- c-tree Plus® FairCom Server® z 
• Complete C Source • Client/Server Model z UJ• Single/ Multi User • Transaction Processing- "D• Client/Server (optional) • Requires <2MB RAM• )>
• Full ISAM functionality • Online Backup Dz • No Royalties • Disaster Recovery n

( • Transaction Processing • Rollback - Forward 
• Fixed/ Variable Length Records • Anti-Deadlock Resolution in>z • High Speed Data/ Index Caching • Client-side "C" Source 0 
• Batch Operations • Multi -threading 

( ~ • Fi le Mirroring • Heterogeneous networking Dm • Multiple Contexts • File Mirroring 
• Unsurpassed Portability • OEM/ Source Available ii• 

•x FOR YOUR NEXT PROJECT CALL FAIRCOM: YOU iiiz , CAN'T FIND A BETTER HETEROGENEOUS s:J CLIENT / SERVER SOLUTION! 
DAlso inquire about these FairCom products: I- It 9/ d-tree™ r-tree© ODBC Driver ~ I­ 0 
0 
0• 
• 

( 

~ 

FAIRCOM® 'I"' fine on IDE systems under Win 95 and is a "D:E ~ CORPORATION UIlot faster than the DRM-604X. I'm pretty W· 0I-sure it w il l work if I insta ll its drivers. T he WWWeb Address: http://www.faircom. com/ 
0question is, why does the older o ne work UJ i( • 800- 234-81 80 
0 

> •automagica lly, while the new one does U.S.A. 4006 W. Broadway - Columbia, MO 65203-0100UJ 
nor? phone (573) 445-6833 fax (573) 445-9698 D w EUROPE Via Patrioti , 6-24021 Albino (BG) - ITALYNext a ca ll to D istributed Processing -I phone (035) 773-464 fax (035) 773-806 m
Technology. Their Win 95 drivers are on D. 0JAPAN IKEDA Bldg. #3,4f-112-5, Komei-chou - Tsu-city,M IE 51 4 JapanD. 0 

( phone (0592) 29-7504 fax (0592) 24-9723 0 
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iXOS-JUKEMAN is the leading management system for CD 


jukeboxes and recorders . It provides simple and effective access 


to all available optical storage devices. With its unrivalled 


performance and flexibility, iXOS-JUKEBOX redefines the state 


of the art in high-performance jukeboxservers. 


• Presents astandard file system: NFS or native file 


system for NT or both 


• Presents CD-Recordable as astandard writable file 


system 


• Access from UNIX, Windows, Windows NT, 


Macintosh, Nextstep, VMS .. . 


• High throughput thanks to sophisticated caching and 


scheduling str'ategies 


• Configurable access rightsfor specific user groups 

Download your free evaluation copy from: SO F TWAR E 

http://www. ixos.de/jukeman.html P R 0 J E C T S 

P RODUCTSiXOS Software Inc. 
1070 Sixth Ave Suite 200, T RAINING 
Belmont, CA 94002, USA 
Tel: 141 5161 08240 Fax: 141518029570 S UPPORT 

Internet: info@belmont.ixos.com 

iXOS Software GmbH 
Bretonischer Ring 12 
D-85630 Grasbrunn/Mu nich, Germany 
Tel: 1491189146005·0 Fax 14911891 46005-199 
lnternet:office@mun ich.ixos.de 

http://www.ixos.de/ WE SERVE OUR CLIENTS 

I Pournelle 

th e Mi croso ft in st a ll at io n di sks, so I 
didn 't need any updates. No one had asked 
them abo ut suppo rt fo r Syqu est remov­
able drives, but they did understand why 
the drive wanted to be D; the disk cartridge 
was fo rmatted as a primary partition. Try 
booting up with no cartridge in the EZ135. 

I did that, and this time it didn't displace 
the D hard drive, nor the E opti cal drive. 
H owever, it did brush aside the F CD-ROM 

drive and take over its spot. !~ stalling the 
latest Syqu esr drivers obta ined fro m their 
Web sire didn 't help . The dr ive wo rked, 
bur it was determined to be the Fdrive, and 
nothing l could do with Device M anager 
would convince it o therwise. 

Wh a t if I boo t ed up with th e driv e 
installed but turned off? I t ried that, and 
the system blew up ; it was back to boot in 
safe mo de and all th e res t. N eedl ess to 

say, we have co nsigned the Syquest EZ135 
to work w ith th e M ac, w here it seems 
better behaved. 

I don't know what is go ing on. Appar­
e ntl y, Win 95 ca n h a ndl e so m e SCS I 
devices- particularly older ones-butnot 
o th e rs. Perha ps th e new Se rvice Pac k 
parches will cure the problem. Perhaps nor. 
T he bo tto m line is, if you have ID E hard 
drives and Win 95, adding SCSI devices is 
simpl e. If yo u have SCSI hard dr ives, be 
very ca refu l, and if things lock up, Don't 
Panic. Just remember to Ctrl-Alt-Del at the 
endl ess hourglass and shut down all non­
responding programs. Then get to Device 
M anage r and fix things. It's tedi ous, but 
not as tedi ous as re installing Win 95. By 
next month I' ll know more. M eanwhile, 
be care ful. 

Eri c Po birs, w ho he lps o ut a t C haos 
M anor, got an Iomega Z ip/Zl OO P dri ve at 
Fry's last week. This conn ects to the par­
allel port; you then install some driver soft­
ware, and it loo ks like another dri ve. We 
tested it on RacingCow, and it worked per­
fe ctl y. It a lso wo rked on SuperCow and 
everything else we tried it on. 

The Z ip/Zl OOP is rapidl y becoming the 
standard sneakernet method fo r large fil e 
t ransfers. It's not as fas t as the EZJ35, but 
it's small , lightweight, and , most impor­
tant, extremely easy to insta ll and use. It 
works fo r backup, archiving, and file t rans­
fer. While it's slow compared to Ethernet, 
it's darned fast compared to fl oppy disks, 
and w hen yo u remove it, there's no evil 
aftereffect. 

If yo u've in ves ted in a bi g mac hine, 
you should seriously co nsider getting an 
Io mega Z ip/Zl OOP no r only fo r backup, 
but to ca rry your wo rking environment 
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I Pournelle 

from machine to machine. Some of you 
may remember that was the goal of the 
Tandon systems back in the IBM AT days. 
The difference is, the Zip/ZlOOP works, 
and it's cheap, too. Recommended. 

We've been doing a lot of Web explor­
ing lately, and I'm impressed with the 
potential of Java. For instance, there's no 
reason you couldn' t get a flash-RAM PC 
Card, program it with your computer, and 
insert it into a slot in your car. A Java pro­
gram would tell the car to configure itself 
for you, adjusting the seats and mirrors and 
suchlike to your satisfaction. 

And Eric suggests Java for Genomes. 
Once the human genome sequence is 
completed in the first part of the next cen­
tury, you build an organic compounds con­
structor into your desktop, connect that 
to a hypodermic needle, and download 
your health updates as a Java program to 
instruct your system. Maybe like Larry 
Niven's autodoc machines it will give 
you a manicure as well. On reflection, 
I'm not sure I won't live to see something 
like it happen. It will drive the FDA nuts. 

I was one of the early users ofMCIMail, 
and I still have my account, but I'd sort of 
fallen away from using it because it was a 
pain to read and answer mail on-line. I had 
for years let Norton Commander for 
DOS take care of MCI Mail, but for some 
reason, it doesn't want to do that under 
05/2 Warp or Win 95. Even if I figure out 
how to make it work again, it was never 
faster than 2400 bps. 

MailRoom from Sierra Solutions does 
all that Norton Commander ever did and 
works at your modem's speed. It can auto­
matically get your MCI Mail at scheduled 
times, send and receiveMCifaxes, keep an 
address book, and sort incoming mail into 
folders. There's also a decent off-line edi­
tor to build new messages or compose 
replies. 

The only disappointment is that Mail­
Room won't handle mail from other 
sources, like BIX or direct Internet mail, 
so I'm stuck with three mail readers. How­
ever, with Mai!Room, MCI Mail is the 
most painless. If you use MCI Mail, you 
need this program. Recommended. 

·oracle and IBM have been pushing the 
notion of dumb Internet terminals for 
the obvious reason that the only things 
these can talk to are big mainframes run­
ning highly sophisticated software. The 
problem is that the chip industry has 
already gone well past that. You can now 
put on a single chip a computer complete 
with wave-table sound and a modem that's 
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Want a better way to connect 
with your audience? Discover the 
power of Proxima. 

With a Proxima Desktop 
Projector;· you can make a bigger 
impact with your presentations. 
Communicate your ideas more 

The Prox ima DP5100 and the best-selling 
DP2810 lead the way in brightness, image 
quality, and price/performance. 

clearly. And be 
more productive. Without the limi­
tations of slides and transparencies. 

Just plug a Proxima Desktop 
Projector into your PC or Mac, and 
you'l l be able to project images 
from your computer screen onto a 
large screen or wall. It's that simple. 

Want to add audio and video 
to your presentations? Make last­
minute changes on the fly? No 
problem. Proxima gives you the 
flexibility and performance to take 
your multimedia presentations to 
a higher level. 

FIND OUTMORE 
about Proxima today. And keep 
your audience wired. 

PRDXI~ 
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more soph ist icated than the "Intern et 
computer" was supposed to be. T he next 
generation ofgame boxes like Sega Saturn 
will incorporate those and shoul d eat out 
the bottom of the dumb terminal market. 
Gateway is coming at them fro m the top 
with what amounts to a rea lly smart TV set. 

Gateway already makes a dream game 
machine. Raci ngCow can take a game li ke 
7th Level'sArcade America and ru n it with 
actio n fas ter th an I can keep up w ith. 
Arcade America isn ' t the kind of ga me I 
enjoy playing, but I like watching it played. 
It's a sort of Super Mario Brothers with 
incredible detail, and ve ry cleverl y done. 
The P5-133XL I have came with a Grav is 
Gamepad game contro ller (also known as 
a four-button joystick) that most of these 
arcade-l ike games recogni ze and most 
game addicts are accustomed to. 

Arcade America in theory wi ll run under 
Windows, but in fac t installatio n is diffi­
cult. It's also less fun : you have to use the 
keyboard controls (or do weird th ings with 
a two-button joystick) because there's no 
support fo r the Gamepad. What this game 
really wants is Win 95. 

Coming fro m the opposite di rection is 
Interplay's W hiplash, a car- racing game 
that in theory will run in DOS; in fact, even 
on the IBM Dominator, the fas test 486 we 
know, it's no fu n at all. Whiplash really 
requi res a 90-MHz Pentium or better. One 
wo nders why, given tha t anyone with a 
P-90 o r better is likely to be ru nning Win 
95, Interplay rushed it out as a DOS game 
that can't use the Win 95 soun d interface. 
O n a high-end machine like RacingCow, 
though, it's pretty spectacular, both sound 
and graphics. 

Over a year ago, I noted that Inte l be­
li eved the home market-particularly the 
game market-was their best bet for really 
high-end systems. That's proven to be true, 
and the game developers have rushed in . 
Wi th games comes so phistica ted multi­
med ia capability, and, except fo r text-to­
speech, the Intel platfor ms have caught up 
with and passed the M ac in that regard. 
(W hat this will do to traditional Mac dom­
inance in ed ucation isn ' t clear.) 

Too ls li ke SuperCard made it possible 
to build something as wo nderfu l as Myst 
on the Mac; but more copies of Myst sold 

PRODUCT INFORMATION 

Arcade America $39.99 
7th Level, Inc. 
Richardson , TX 
(800) 884-8863 
(214) 437- 4858 
fax: (214) 437-2717 
www.7thlevel.com 
Circ le 1065 on Inqui ry Card . 

Command El: Conquer $59.95 to $69.95 
Westwood Studios/Virgin Interact ive 
Entertainment, Inc. 
Irvine, CA 
(800) 874-4607 
(714) 833-8710 
fax: (714) 833-8717 
www.virgin.com 
C irc le 1 066 on Inqui ry Card. 

EZl 35 internal or external, $199; external 
parallel-port version, $249 
Syquest Corp. 
Fremont, CA 
(800) 245-2278 
(510) 226-4000 
fax: (510) 226-4108 
www.syquest.com 
Ci rc le 1 067 on Inquiry Card . 

DRM-624X $575 
Pioneer New Media Technologies, Inc. 
Long Beach, CA 
(800) 444-6784 
(310) 952-2111 
fax: (310) 952-2100 
www.pioneeru sa.com 
C irc le 10 6 8 on Inquiry Card. 

MailRoom $85 
Sierra Solutions 
Los Angeles, CA 

(310) 478- 2531 
fax: (310) 477-4586 
www.sierrasol.com/sierrasol 
C irc le 1069 on Inquiry Card . 

Stratospheric Ozone CD-ROM $49.95 
Lenticular Press 
College Station, TX 
(409) 693-0622 
fax: (800) 315-3365 or (409) 693-0729 
www.lenticular.com 
C irc le 1 070 on Inquiry Card . 

Turbo Tax CD-ROM version, $49.95; 

floppy disk version, $35.95 

Intuit, Inc. 

San Diego, CA 

(800) 964-1040 
(619)453-4446 
fax: (61 9) 453-1367 
www.intuit.com/turbotax 
Ci rc le 1071 on Inqui ry Card . 

Whiplash $49.95 
Interplay Productions, Inc. 
Irvine, CA 
(800) 969-4263 
(714) 553-6655 
fax: (714) 252-2820 
www.interplay.com 
C irc le 1 0 72 on Inqui ry Card . 

Zip/ZlOOP $239.95 
Iomega Corp. 
Roy, UT 
(800) 697-8833 
(801) 778-1000 
fax: (801) 778-5763 
www.iomega.com 
Circle 1 073 on Inquiry Card. 

for Intel platfo rms than for Macs. When 
M yst fi rs t we nt to the PC, Broderbund 
Software got about 100 times as many tech­
nical-support requests as the M ac version 
did; but that was befo re Win 95. Now, the 
Discovery Channel's M ultimedia's Con­
nec t io ns, a game built a ro und James 
Burke's TV series and book, and Inter­
play's Frankenstein : Through the Eyes of 
the Monster, both far more sophisticated 
(i f not more interesting) than Myst, run on 
Raci ngCow rig ht o ut of the box. N o 
technical support needed. 

Apple has finally come around to mak­
ing it easier to port games from Intel sys­
tems to the Mac, and SuperCard contin­
ues to improve in both capabilities and ease 
of use. So does Visual Basic. Of course, 
mos t games aren ' t developed in either 
SuperCard or Visual Basic; but when the 
ha rd ware ge ts good enough , that will 
change. T he neat part is that competition 
is dri ving the industry toward better hard­
ware and easier-to-use development tools; 
and that's good. 

T he book o f the month is The Begin­
nings ofRome by T. J. Cornell (Routledge 
Publishing, 1995}. As much as you wantto 
know about the founding of Rome. Ifyou 
li ke that kind of book, you will like this one 
a lot. T he computer book of the month is 
BYTE Guide to OptimizingWindows 95 by 
Lenn y Bai les (M cGraw-Hill , 1996). It 
doesn't tell everything I would like-Iwish 
so meo ne wo uld ex pla in how to make 
Wi nd ows lock in a dri ve le tt er to a 
dev ice-but it's as complete as any such 
book and quite readable. The game of the 
month is Westwood Studios' Command 
& Conquer, a tactics/strategy game you 
can play against the computer or on-line 
against live opponents. Good action and 
graphics, and, alas, addicting. 

T he program of the month is Intuit 's 
Turbo Tax-it's certainly the most vital to 

me as I get my taxes done. 
I know 1 promised more on the Inter­

graph ; next month fo r sure, as artist David 
Em reports on what he's been able to do 
with it. Also, starting next month, a Web 
site of the month. liJ 

f erry Poumelle is a science fiction writer and 

BYTE 's senior contributing editor. You can write 

to Jerry c/oBYTE, One PhoenixMill Lane, Peter­

borough, NH 0345 8 . Please include a sel f­

addressed, stamped envelope and put your 

address on the letter as well as on the envelope. 

Due to the high volume ofletters, f erry cannot 

guarantee a personal reply. You can also contact 

him on the Internet at jerryp@bix.com. 

168 BYTE JUNE 19 9 6 

mailto:jerryp@bix.com
http:www.iomega.com
http:www.interplay.com
www.intuit.com/turbotax
http:www.lenticular.com
www.sierrasol.com/sierrasol
www.pioneeru
http:www.syquest.com
http:www.virgin.com
http:www.7thlevel.com


"Jn today's class we'll be 
studying these pointy buildings 
that were built by those sweaty 
people in that really hot area:' 

/ 

If you thought all on line services were the same, thin k aga in. For just $9.95 a month, CompuServe 

gives you Internet access and more detailed information on the subjects you're interested in than 

any other online service. Because CompuServe has the strongest relationship with the best sources 

for news, sports and entertain ment, you're always plugged in to Fortune, Comedy Central and 

Entrepreneur, just to name a few. Don't be left on ly ha lf-informed ever again. Sign up today. 

Circle 237 on Inquiry Card. 

Reference 

Home/Leisure 

News 

Shopping 

Computers 

Fun & Games 

Education T 

Science Math Forum 

Petersons College Guide 

Travel 

Entertainment 

Sometimes life calls for deeper answers ~ 

Sports -0­

Com~uServe 
1-800-487-4838 

FREE SOFTWARE 

AND 10 FREE HOURS 




I 

If you thought erea~ingcustom 
s0 l uti 0 n s fr ~m off-the-shelf 

s 0 ft ware 


r ead on. 

I 

was tithe consuming, 
"With its intuitive and flexible interface, the 

new release of SmartPad Pro gives businesses 

an excellent way to customize, combine, and 

get more out of off-the-shelf and in-house 

Windows applications." 

PC Week 

"it is an effective means of appending core 

applications with a subset of the functions 


of other applications." 


Info World 


"Take one giant step towards a do-it-yourself 

suite." 

Windows Sources 

"A super-powerful tool for anyone involved in 

integrating Windows applications. With these 

capabilities you can give all your Windows 
SmartPad embeds buttons and menu 

triggers in any Windows, DOS, or 

host-based application. This in 

conjunction with our universal 

scripting, enables you to instantly 

create deep integration amongst 

any set of applications. 

applications a common look and feel, and 

link them with push-button ease." 

Computer Shopper 

"SmartPad is one killer application. It's 

definitely worth checking out." 

PC Computing 

order SmartPad or for a free evaluation kit: 

1-800-434-0202, fax us at 404-892-0981, 

visit our Web site at www.softblox.com 

I 
I 

SMARTPAD 
REDEFINING APPUCATION INTEGRATION 

( Soffblox )
,4 n.,. wa~ 1" t.llurk a6c11t sc6twa>'< 

I 
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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 172 

Hardware/Software 
Showcase 
Your full-color guide to in-demand 

hardware and software products, catego­

rized for quick access. Page 196 

Buyer's Mart 
The BYTE classified directory of 

computer products and services, 

by subject so you can easily locate 

the right product. Page 204 
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5 User to 5 User CD .. ... .. .............. .... ......... .. 
5 User lo 10 User CO ... 

5 User to 25 User C.)!R ·:::::. ::::::::::::: :: :::::::.:::, rn 8~:~ :g ~g 8~:~ c8 .... . 
10 User to 50 User CD .. 
~~ u~:~ :g §5 8:g~ gg ...... ·. ·.·.... ·.......................... . 
25 User to 100 User CD .. 
50 User 10 50 User CD ... . 
50 User to 100 User CD ....... 
100 User lo 100 User CO .. 

NetWaro V3.12 
5 User 3.5" ........ .. .. .. ... .. ....................... .......... .619.21 
10 Usor3.5" .... . .. .. ..... .. .. .. ... ...... .... ......... ... .. 1364. 16 
25 User 3.5" ... ..... .. 2003.61 
so User 3.S- ..... .. .. 2796.65 
100 Usor 3.5" ........ ....... .......................... ...... .. 3863.55 

Mictosofl·BackOfflce 
Microsoft Windows NT 

Windows NT Nelwork Value Pack . . 

~~~~~~~e~T~]s;~" :"~:;·~~"·;:'.c'..~o:: :: ::: ::: : : . :::: ::::::::::::::: : 

20 client 11conso,x1~~~s·o·trs·aL: · sorver · 
CD ...................................... ........ .997.93 
pgrade, CD .................................445.72 

license ................ ....... ........... .. .... .133.52 

~2fgfi,'svsfoins r~'iiiiifS~e'iVe"' 2118 " 96 
SMS Scrvor, ......... ... .............. ..... .. ..... ...... .583.18 
SMS Sorvor upgrade, CD ....... ............. .. .......... 569.88 
Single client ticonse......... ... .... ..... 48.14 

Microsoft SNA Server 
SNA Server. CD .......... .. 359.59 

~bn~li~~l1W~!~;:i~~~:~:~;i::M~jj: ~~~~~ .::::::::::eg~:i~ 
Mall Scrvor, CO. ............................ .... .. 236.95 
Mail Servor upgrade, CO ........................ ......... 296.94 
5 cliont liconsc pack... ..... ............................239.45 

,!!! 
.109.75 
.103. 89 
.41 6. 70 
.101.98 
.44 1.95 
.122.07 

....... ....... .. .... ... 513.67 
.. ....... .. ... ..........123.71 

............... .. .164.85 
OOBT........ ....... .161.9 1 

~r~o·fi ::::::::::::::: Jll~~ 
llllisolf' 

NodeAunner/SI 2000A 
NodeAunner/SI 2000T 
NodoAun 
T·Aunnar 
T·Aunner 

~~~sh~ 

·io..1·pr·inier·. :: : :: .~i~ : ~~ 
to 1 printer ...... .. 35.94 

1 printer ::::::::::.~ ~, : ~~ 

Tapo"Stor 
Tape'Stor 
Tape'Stor 
Tape'Stor 
Tape'Stor 

Zip drive 1 
Zip drlvo 1 
Jazdrlvo 1 
Jazdrive I 
Jaz drive 
Ditto Easy 
Dino Easy 

cc:.::1:ER 

~SyQuest· 
EZ135 135MB Internal IDE interface ............. ..194.85 
EZ1 35 135MB oxtornal SCSI intorfaco ......... .201 .89 

~~5~ 15~~~ ::~~~~1°paraiienniertace .: : :: : : ::2~~:1~ 
1'.!l!§j!,l.j§ ·Jt.l·l.' l·l3 · 

Creative Labs 
4x PnP multimedia kit 
kit... 

Cll0.1tar~tfWl)elar1nol~w!W-Ql~ fOl)W(lllllldb\MShipanlyto)'QlllQ'rd:i(ill'd1~bilr"J 
arldtru. f~ll~nNcarllef'11CM1~""1'111t111Qt1*"'nwnnce..i~,,_.fhlcostolli'llllmee 
i10.3:S'Ji.\0.oo;!i)GIDllOl<lell:lUl.P~llW!blldnolll<Olle(! S.UXl lOlsh;jrp;1<iQQll~01 S6 00IOI ...... 
~$111pn....a9't0llrrli.<IWIQJr11P<OOllCt.)'llerl!'Olll~M llWi /llllT'btt , ~P ttlfl-. .. ~ltll 
rmxb'w;lflt.~UJll)lll'ld-elocll<"*:~•·nol•f"...l!NOir.1-10tlulnKIOl)"llOl~­
~IP)' Plt>Ol'lllO'ld..\lorlP;ni..-itodlirqt. fOlllil~ll'ldllf(W)l.C!S. COW1....v!'S1N1fttilt1~.,,.­
duelD~~~Jl'OO\,d~mnlllclut"&R:li~Ol~"lllltin­
_,.lt_lndr~Pld~>rllNlsolf~d1llllir~-i 

cow• TELEPHONE 
HOURS 

Sales 
Mooday·Friday 7am-9pm CDT 

Saturday 9am-Spm CDT 
Tech Support for Customers 
Mooday·Fri:lay 8am-9pm CDT 

Saturday 9am-Spm CDT 

1omega.WHY 
• 

Zip'" Drive 
Endless capacity an 
comple te mobl/ltyPAY Iomega's Zip'~ drive ofiers unlimited :~~lllllr­hard drive expansion, provides 
hjgh-capacity mobile storage for use 
anywhere, and makes data backups fast, 
easy and worry-free.RETAIL? 

..................... $19~ CDW 51396 

ALPS 
8~~~W&~~~~s·ss·keyb00rci :::: : ::::::: : ::: ::·:: : ~~ : fl 

····=fr 
g~::i~g ~1~:~ ll ~:~ ~~~:~~~~: ~~:::::: : ::::::: ~~~ : ~~ 
Drawing Slale II 12X12 4 button cordless .. .....219.39 

PholoP 
Actio 
ES·1 
ES·1 

EPSON' 
camera ... ..................... .. ... ... ..499 .00 

~~~.:~.~..~ 1.:. :: ::: :: : :: : ::: ::: :: : : ::: : ::::: : 1i' : ~~ 
PC ............ ....... ... .................. .. ...1125.16 

('~~!~KL~ 
HP ScanJot 4S ................................................301 .35 
HP ScanJot 4C ................................................938 .66 
HP ScanJot 4C document feeder ....................453 .97 

f,;
MouseMan 96 .............. ........ .. 

~~%~~C::nn~~~gre~~~~~. :::...... .......... .......... .....,,!!·!! 
TrackMan Live! cordless pointer .. .... ..............11 

MICROTEK 
E3 color flatbed......................... ... 375.29 
E6 color flatbed... . ...................556.49 
Ill color llatbed ....... ..... ............ ... 1985.90 
35T slide scanner ......... ....... ...... ...684.66 

Sunnagraphics. 
Summaskelch Ill 12 X 12 16 button ........ ........ 243 .13 
Summaskotch Ill 18 X 12 4 button .... ............. 1188 .33 

UMAX' 
l"'~lfCAv· 

Vis ta·S6 PCPAO ...... ........ ..... .......... .............. 65 1.73 
Visla·S6 PCLE2 ... .. ....... ...... ..... ........ .. .... .......... 565.66 
Vlsla·S 12 PCPA02 .. ...... .......... ........ .. ....... ..... .. 841 .13 
Powe1look II PCPro2 ...... ... ... ...... ..... ...... ...... ... 2707.55 

v V'510NEER 

PaperPort VX .......... ............ ... ....... ... ............... 278.34 

t t•i.'hi•l;p 
lnnovislon DX1495 PnP 14" .................... 282.13 
lnnovision DX1595 PnP 15• 374.14 

:~~g~j~lg~ ~QfiltPnP 17"... ................... ~~~ '. ~~ 
1F ............. . .... ............1551. 13 
14" .28.... . ........... ... .... .... .. .246.53 
14 " .28 NI .. .... ... ... .............252 .29 
15" .281024 .. ... .. ... .......... 337 .18 
15" .28 1280 ..... ............... 354.94 
17" .28................ .. .......... .. 603.67 
20· .28 1280 .... ............1013.19 
20· .28 1600 .. .....1278.17 

...... .413.13 

....... .. ... ... ... .. 161.76 

............. ........ 106. 04 
...................157.14 

...... ...... .. ..... .. 161.76 
.................... 258.06 

22 1.87 
269.33 

.. ...... ........ 403.56 
...........93.68 

..............207.39 

............. .213.34 
275.33 ...............n~:~~ 

............. ... ...... 4n'l.l'l 
314.51 

................ 456.92 

CDW®$ells 

For less!TM 

+ lOOMB uncom pressed/200M B compressed capacity on 
a single 3.5" Zip disk + 29ms seek t ime, up to l.4MBI 
second sustai ned transfer rate + Paral.lel or SCSI inter· 
face (SCSI host adapter sold separately) + Includes Zip 
'lbol s ' ~ softwa re • Compact a nd portable: 1.5" x 5.35" x 
7.25", l lb. + 1-year warranty on drive; limited lifetime 
warranty on disks 
Para llel .................$199Q!! CDW 51392 

......................... ...........$199Q!!
SCSI CDW 51390 

..................... ....57.59 

..........................268.84 


................. ... 268.84 

Borland Paradox V7.0 WIN95 upg .. .......... ....... 89.01 

Borland Paradox V7.0 WIN95 upg CD .. .... ........• 89.35 

Caere OmnlForm V2.0 WIN95 ......................... 172.24 

Claris FileMaker Pro V3.0 WIN95 ......... ... ........ 179.37 

Corel Internet Mania Vl .OWlN95 ....... ..... .. .. .... .. 19.80 

Corel Photopaint Plus V6.0 WIN95 CD ........ .. .183.83 

Corel Print House Vl.O WIN95 CD .................... 26.04 

CorolDRAWV3.0orV4.0 toV6.0 upgWIN95 CD ...358 .02 

CorelDAAW vs.a to V6.0 WIN95 upg CD. ..... .. 224.18 

CorelOAAW V6.0 WIN95 CD ... ...... ..... .438.37 

CorolFLOW V3.0 WIN95 CD. .. ........... .............125.90 

Cyberjack V7.0 WIN95 ..... ...... ........................45.41 

Delrina WinFAX PAO V7.0 WIN95...... ...............79.97 

Syman1ec Communications Suile WIN95 CD ... 96 .77 

Symantec WinFAX PAO V7.0 WIN95 CD ....... ... 78.62 

Inset Sys HiJaak95V1.0WIN95 ...... ..................44.11 

KurzwoU VOICE V2.0 w/sound card WIN95 ..... 661 .26 

Kurzweil VOICE V2.0 WIN95 ... .................... ....462.35 

Kurzwel1 VOICE V2.0 WIN95 upg .... ....... ... .... ..196.82 

Lotus SmartSuite 96 WIN95 ... ................... ... ... 376.78 

Lotus SmartSuite 96 WIN95 CD. ... ..................374.84 

lotus SmartSuile 96 WIN95 upg ..................... 139.27 

l olus SmartSuite 96 WIN95 upg CD ............ .138.72 

lotus Word Pro 95 WIN95 CO ...........................93 .15 

l otus Word Pro 96 WIN95 ........................... ... 65 .35 

Mlcrocom Carbon Copy V3.0 WIN95 ............... .. 14.29 

Microsoft 3D Movie MakerWIN95 . ..... ........ ... .. .. 37.50 

Microsolt Access WIN95 ....... .. .. .......................291.12 

Microsoft Access WIN95 upg ... ......................... 92.21 

Microsoft BookshelfWIN95 CD .........................47.30 

Microsoft Cinomania '96 WIN95 CO ..................29.60 

Microsoft Encarta '96 World Atlas WlN95 CO ...44.94 

Microsoft Excel WIN95 ..... ... .... .................... ...298.94 

Mlcrosolt Excel WlN95 upg ...... ... ......... ..... .. .... .94.05 

Microsoft Fury3 WIN95 CO .......... ... .... ..... .. ... ..... 35.63 

Microsoft Money for WIN95 ...... ... ................. .... 29.20 

Microsoft Money WIN95 CO ........ ................... .. 29.20 

Microsofl Office Prow/Access WIN95 upg ......314.50 

Microsoft Olfice Pro w/Bkshelf WIN95 CD ...... 539.03 

Microsoft Olflce Pro w/Bkshell WIN95 upg CD 314.29 

Mlcrosoh Otfice Pro WIN95 .............................. 539.03 

Microsoft Olllce Std WIN95 ..... .......................449.14 

Microsoft Ollice Std WIN95 CD ........ ...............448.89 

Microsolt Office Std WIN95 upg .....................223 .97 

Microsoft Ollice Sid WIN95 upg CO ................223.97 

Microsoft Plus! WIN95 .. .... .. ............ 44.24 

Microsoft Plus! WIN95 CO... ... .. .. .. .. .. .. ...... 45.13 

Microsoft Powerpolnt WIN95 ................ .. .. .. .. ... 296.94 

Microsoft Powerpoint WIN95 upg ......................94.05 

Microsoft Project WIN95 ....... ...... .... ................. 42 1.73 

Microsoft Project WIN95 upg .. ..... ................. ...129.20 

Microsoft Publisher CD Deluxe WIN95 ........... ... 67.56 

Microsoft Visual C++ SubscripUon WIN95 ....... 447.93 

MS Visual C++ Subscription WIN95 upg CO ...305.43 

Mlcrosoll Windows 95 ... ..... ... ...................... .. .. 183.47 

Microsoft Windows 95 upg ....... ........................ .. 94.77 

Microsoft Windows 95 upg CD ....... ............ .......94.77 

Microsoft Word WIN95 .......... ... .. .. ................. ...418.60 

Microsoft Word WIN95 upg .......... ..................... .94.05 

MS Word/Publisher Value Pack WIN95 CD .....115.03 

Microsoft Works w/Bookshelf WIN95 CD ...... .... 66.45 

Microsoft Works WIN95 ......... .. ........................45.13 

NCO PC·Xware lorWIN95 upg .........................77.90 

Ouartordeck Clean Sweep V2.0 WIN95 ............28.85 

Quarterdeck QEMM VS.O WtN95NJIN3.1 .. .... ... 62.16 

Saber LAN Workstation VS.OC WIN95 ..............57.29 

SPC Harvard Graphics V4.0 WIN95 upg .. ... .. .... 87,70 

Stacker V4.1 WIN95 ..........................................48.62 

Starfish Sidekick WIN95 .. .... .. .... .. ... .... ... .. .......... 45. 13 

Symantoc Norton AntlVirus WIN95 .. .. ... .. ... .. .....72. 14 

Symantec Norton AntiVirus WIN95 upg ............ 33.76 

Symantec Norton NavigatorWIN95 .................. .91.77 

Syman!cc Norton Navigator WIN95 trade-up .... 39.65 

Symantec Norton Utilities WIN95 . .............. ... 116.15 

Symantec Norton Utilities WIN95 upg ....... .. ...... 57.24 

Symantec pcANYWHEAE32 WIN95/NT ....... .. 131.80 

Symantec pcANYWHEAE32 WIN95/NT upg .... 62.70 
Visio Technical V4 .0 WlN95 ............................ 257.61 

Visio V4.0 WIN95 co.......... ...... ...................... 132.89 

Visio V4.0 WJN95 upg CD ... ............................ .. 73.21 


NASDAq 
BUY WITH CONFIDENCE 

CDW" IS A NASDAQ 
TRADED COMPANY 

.....~~~~~~~~~~~~~~~~ 

:13,•1
1z.1;m 1:!flU;(.)•ll(•ii; 

Bay Networks 

NetWere V4.1"*'®" ~~~g~:Jg: ~~::g~ ~ggJo,~~~·~~b~uhbu'b' :::::: ~~~ :~~ 

3.5" 100MB Zip disk .. 

SMC" 

175.30 
339.47 
198.22 

.. .. ...... .. ........... .. .. ............ ........ 92 .03 ·· ................ ..;3l:n 
........ .. ...... .... ... .146.65 
... ....... ..... ..... ... .694 .95 

..... .. ........... ........ ... .. ... .....122 .66 

..... .... .......... .. ... ...............506.62 
... ....................... .. .. 148.63 
........... ... .............665 .62 

......... .......... .. .165 .83 
.................... .181.52 
....... ... ....... ... 355.06 

......... ...... ..288 .2 1 

...... ...... .. ..529.05 

........ ......... 123.61 
...... ...............223.86 
........ .... .........211 .74 

...... ...... ....... 229.36 

................... 472.03 
......................... .. 269.97 

.............................254.45 
.. .........................336.54 
........... ......... ... .... 384.41 

-!!~ 

............ 103 .71 


.......... ..226.67 
.... ........ li: :~i 

161.24 
089.98 

If you find a better price, 
call CDW®before you buy 
Fax: 847-465-6800 
Sales: 



intef. 
EtherExpress 
PR0/100 
1OOMbps Fast 
Ethernet adapters 
Intel's Ether Express'" PR0/100 adapters are the easiest way 
to migrate to FnsL Gthernet networking. PR0/100 adap te rs 
integrate easily into your ex isting Ethernet environment to 
de liver these powerful <t dva n tages: 

WHY 
SETTLE 

FOR LESS? 

MICROTEK 
Better Image; Throt(i!li bmmution. 

3 0-bit, high-resolution color scanner 
+ 600 x 1200 dpi optica l resolution, 4800 x 
4800 dpi maximum + Fast, single-pass scanning 
+ Lega l-sized scanning area + Includes imaging 
software, OmniPage LTD OCR, nWi zard, SCS 
card and cable 

E6 Standard with lmageStar II 

+ High-performance 32-hi t archi tecture + Seamless 
mi gra tion from 10 to lOOM bps with one driver, one co nnector 
and hub speed auto-sensi ng + Proven Ethernet technology 
+ One-step insta ll ation + Li mi ted lifetime warranty 

PCI . .. .. ......................................... 5139!!1 CDW 59239 

PCI, 5 pack ................................................S619ll CDW 59240 

EISA ..................................................... $241 92 
CDW 47330 

Workgroup bundle ............................... S1879>1 CDW 66257 

CDW® 
SERVICES YOU 

BETTER™ 

$556ll CDW 65672 

E6 Pro with Pholoshop V3.05 (CD) 

$738.U CDW 65671 

ScanMaker E3 

CDP CARRIES OVER 20,000 PRODUCTS. IF YOU DON'1 SEE 1'£ 
TOSHIBA 

Prolinea 
Prolinea 
ProUnea 
Prolinea 
Prolinea 
Prolinea 
Pro Linea 
Pro Linea 
Pro Linea 
Prollnoa 
Pro Linea 
ProLlnea 
Pro Linea 

Deskpro Serles Desktops 
Deskpro 575 5n5 8 
Deskpro 5100 5/100 
Deskpro 5100 5/100 1 
De skpro 5120 5/120 1 
Deskpro 5133 5/ 133 1 
Deskpro 5133 5/100 1 
De skpro 5133 51 133 1 
De skpro 5133 5/133 1 
Deskpro 5150 51 150 1 
Deskpro 5150 5/150 1 
Deskpro 5150 5/150 1 
Deskpro 5166 5/166 1 
Deskpro 5166 5/166 1 
Deskpro 5166 5/166 1 ...... .... .... ... ... 

LOOKING FOR TNE LATEST COMPAQ NOTE· 
BOOKS? CALL CDW FOR A COMPLETE LINE UPI 

l'a ~!~Kl.A~· 
OmnlBook Portables 

NEC 
.. .......... ..... 1269.00 
............. .. .. 1499 .00 

17 99.00 
... ..... .. 24 49.00 

.... 2499. 00 

.... 379 9.00 

.... 4499.00 
...... . 4499.00 

..... 4999.00 

dual color ..... 1979.84 
ci.JaJdrCD ....... 2723.32 

2GB acl cir CD 3657 .42 
color ............... 2919.34 
Ir 800x600 ..... 3657.42 

act color .............. 4G14. 18 
act color .............. 5286 .45 

Winner of 7 
Computer 
Shopper 

Best Buy awards 

IBM 
ThlnkPad portables 

184 Turbo. 
ML320 
ML321 
ML380 
ML395 
ML520 
ML521 
ML590 

BJ30 mono .......... 265 .50 BJC610 ...... .. ......• 469.00 
BJC70 color 359 .79 BJC4100 ......... .... 329.00 
BJC2 10 ............... 239 .00 

EPSON' 
LX300 ................. 165.41 
L0570+ ............... 246 .25 
t8~b~o................ ;~~ : 8~ 
l011 70 .... ... ..... .. 689.85 
LQ2170 ......... ...... 599.00 
l02550 .. ............. 963.95 
FX870 ........... ..... . 209 .45 
FX1170 ................ 376.56 

FX2170 ............. .499.00 
DFXSOOO Plu s ... 1385.48 
DFX8000 ... 2333.18 
Stylus Color lls .... 236.52 

~:~:~; gg:g~ ~;o::: ~~fi:&~ 
~l~i~; ~~g~I :::: : 1 ~~~:~8 

11 50 .................... 132.80 3123 .................. 25 1.58 
2023 ................ 179.40 KX-P6100 l aser .38 6.99 
2130 .................... 199 .80 KX·P6500 Laser . 434.40 
2 135 Color .......... 247.53 

-lj/ TEXAS 
INSTRUMENTS 

microLaser 600 .. ..............................................735.27 
microlaser Pro 600 PS23 ............... ...... ......... 1174.04 
microLaser Pro E ........................................ ... 1365.49 
microlaser PowerPro/ 12 1362.91 
microl aser Pro/8 ............... ............................. 1111.05 

['~ ~:~Kl.~" 
HP DeskJ et 340 portable ... ............. .... .......... 296.69 
HP OeskJ et 600 .............................................. 199.97 
HP DeskJet 600C ............................................ 246.01 
HP DeskJet 660C ... ........... .............. .. .......... 349.41 
HP DeskJel 855C .. . ......... 499.00 
HP Lase rJet SL ..... .. ..... ........................ .. ... ... 479.00 
HP OlliceJet inkjel lax/copier/printer .. .. ... ....... 494.94 
HP OHiceJet LX inkjet faX/cop1er/printer ... ....... 585.84 

LabelWriter XL WIN ...~?.~!~. ~. 138.62 
LabelWriter XL Plus WIN ........... ..... ................. 218.81 

M:M il •i•l;l1'1£j .lt{•iaiit•J §§#&Mi 

MEW<>r" 
54 0MB EIDE ... ... ................. .................. ..... ...... 176.06 
1.26GB IDE .. .. .. .. ........................................ ...... 239.78 
1.6GB Fa st·ATA ............................................... 275.33 

c::::.::.:ER 
540M8 EIDE ........ 175.23 1.08 Fast SCSl·2 .289.66 
850MB Fa st·ATA .. 199 .71 2.14GBFasl SCSl-2 .603.56 
1.08MB IOE ... ...... 225.37 4.29GBFaslSCSl-2 .961.74 

~seaaate 

...................52 .91 

...................79. 84 
.......... .................. 165. 11 

............. 209. 64 

(DHayes 
ACCURA 144 internal w/lax ..• . ..................... 19. 05 
ACCURA 144 exiemal w/lax ............................. 92.23 
ACCURA 288 V.34 inlemal w/fax ................... 168.17 
ACCUAA 288 V.34 external w/lax ..... .............. 187.96 

8~tl ~~ ~aa e~A~rrn~~~~T~;iax·· ····· ·· ·· ··· ·· ·· ni : ~i 
OPTIMA 288 Business Modom ........................ 425.70 

MICROCOM 
DoskPorte Fast ES V.34 28.8 .................. .. ...... 169.52 
DeskPortc 28.SP V.34 ... . ........... ....... ....... 235. 35 

PUREDATA 
Sati sFAXtion 400, internal ............................ 389.98 
SatisFAXtion 400e. extornol ............................ 307.76 
SatisFAXtion 500 .. .. .......................... 269.29 

® MOTOROLA 

FR in1ernal ................................. 97.02 
FR external .. ............................ 112.86 
AFR internal ........ ........ ............ 159.76 
AFR external. .............. 166.69 

V.34 Package internal . ..... ........ 171.18 
V.34 Package external .. ..... .. .... 179.60 

ISDN adaptor inlernaL .. ... .......... 263.97 

:r,g~sid~~~~~T~~1~3!p·1e·r ::::::::::::: ~:~:&~ 
!IJ,'ilOOoticS 

SPORTSTE R MO DE MS 

TRIP PLlT E 
................................................... 93.20 
.................. ............. ................... 133.93 
................................. ........... .. .. 181 .42 

.................................................. 166 .89 

.. ... .. .. ......................................::::: ~ ~ ~ : ~~ 
.. ....... ... .. ... ................................. 309.20 

TRIPPLlTE SMART PRO UPS SER IES 
SMART 290 LAN ..... . ........ 215.36 

~~~~t ~~g t~~ :::::::::::::::::::::::::::::::::::::::::::::: ~X~ :;~
SMART 850 LAN .............................................. 379.58 

~~~~~ g>Q~Lttf.::::::::::::::::::::::::::::::::::::::::::::~U:~;
Isobar 6 OUTLET ........................... .. ... .. ............. 46.78 

:Jtf.•.13r.1q.1;1.E 

Intel Ove1Drive DX2/50 
lnlel OverDrive DX2/66 
lnlel OverDrive DX4f75 
Intel OverDrive DX4/ 100. 
Intel OverDrive Pentium 
Intel OverDrive Pentium 
~C>Jerlli.ePtri.m120'1 
lmel~Pe1im120'1 
ln!e1 OverDrive · 

"""°"'°""' 

800-959-4CDW,4239) 



This monitor stands alone. 


Datalux® VGA compatible, Active Matrix LCD monitors 


Mounting 

Options 


Panel mount 

Wall mount 

Swivel mount 

Prices start at $1,595 

RUGGED • SEALED HOUSING • OPTIONAL TOUCH SCREEN 


Datalux®, the industry leader, introduces 
the Active Maaix 10.4" LCD Monitor 
with optional resistive or capacitive touch 
screen. The active matrix panels have 
bright vibrant colors and a wide viewing 

angle. It is VGA compatible - no special 
card required. Like all Datalux products, 
it is manufactured in the USA. 
Applications 
Industrial, Medical, Mobile Data, Marine 

Complete specs & pricing on the Internet 

http:/ /www.datalux.com 

Other Datalux products 
• DataBrick®- compact 486 PC 
• Space-saver keyboard 
•DYS - Databrick Vertical System 
(l.Lirge photo shows desk 1110 11111 option) 

DATALUX International 
DATALUX Corporation 11 Pelham Court, Broadfield ..Mm..Mm• ......155 Aviation Drive Crawley, West Sussex 
Winchester, VA 22602 RHl 1 9SH U.K.==rz•.,.•sr••


1-800-DATALUX 011-44-1-293-540092
1-800-DATALUX • (540) 662-1675 fax back specs Fax 011-44-1-293-540094Fax 540-662-1682 

Circle 141 on Inquiry Card. 

http:www.datalux.com


Our Commander products let you control to afew 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
scary anymore. And since there's a whole .: .: ;.;:;-.;~ ,: ~ CoMM'ANDlR 

~ !; r; r{ i,.',; ; :~ ,, : ) ' • 
ratory experiment! For simple, con­X· 

-. 

family of Commanders, one is right for ... . . '""" solidated control of all your system 
you. Whether you need fast, easy, access CoMMANni ll Im resources, give us a call. 

Lost in the Maze? 


COME SEE US AT 
COMDEX Spring in Chicago 
June 3-6 at Booth #W3059 

lnfocom in Philadelphia 
June 13-15 at Booth #112 

Here's the Way Out. 


4912 Research Drive Huntsville, AL 35805 USA 
1-800-932-9239 (205) 430-4030 fax 
http: / /www.cybex.com .I 

Company 

PC is a registered 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 Products Corporation. 

Circle 142 on Inquiry Card (RESELLERS: 143). 
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Call about our Tutorial 
and Troubleshooting 

Series on video cassettes! 
A wealth oftechnical 

help at yourfingertips. 

14ist:timt. rto~}

FUllU 0/S independent callforupg~~'lliptl& 
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 diagnos­
tic routines, MICRO-SCOPE runs independently of any standard operating 
system, and is therefore at home on any machine in the Intel world. Speed, 
e~L5e-of-use , and razor sharp ACCURACY are a few of the advantages that arise 
from this system independence. Jerry Pournelle awarded MICRO-SCOPE & 

POST-PROBE the User's Choice Award in the May I994 issue of Byte Magazine, 
saying: "You n:unc it, this tests it. If you maintain PCs you'll love it: · 

+ WW-LEVEL FORMAT-Performs Low-level format on all drive types 
including IDE drives. This function cannot hurt IDE drives. + TRUE HARD­
WARE DIAGNOSTICS-Accurate testing of CPU, IRQ's, DMA's, memory, hard 
drives, floppy drives, video cards, etc. + IRQ CHECK-Talks directly to hard­
ware and shows 1/0 address and IRQ of devices that respond. + O/S INDE­
PENDENT-Does not rely on O/S for diagnostics. Talks to PC on hardware 
level. All tests are full function regardless of O/S (i.e. Windows, Novell , UNIX, 
OS/2). + IRQ DISPLAY-Show bits enabled in IRQ chip for finding cards that 
are software driven (Network, Tape Backup, etc.). + MEMORY EXAMINE­
Displays any physical bit of memory under I Meg. Very useful for determining 
memory conflicts and available memory space. + AND MUCH MORE ... 
We don 't have enough space here for everything this software can do! 

use this Power-on sen-Test card to debug 
anu "dead" PC that won't boot... 
" This is the only card that will function in every system on the market. The 

documentation is extensive, and not only covers the expected POST 
Codes for different BIOS versions, but also includes a detailed reference to the 
bus signals monitored by the card." -Scott Mueller from his globally 
recognized book, 'Upgrading & Repairing PCs, Second Edition' 

+ Includes pads for voltmeter to attach for actual voltage testing under load. 
+ 4 LEDs monitor +Svdc -5vdc +12vdc-12vdc. + Monitors Hi & Lo clock and 
OSC cycles to distinguish between clock chip or crystal failure. + Monitors 110 
Write and 110 Read to distinguish between Wlite and read errors. + Accurately 
monitors progress of POST for computers without POST codes. + Reads POST 
codes from any IBM or compatible that emits POST codes. ISA/EISAIMCA. 
+ Compatible with Micro Channel computers. + Dip switch allows easy selec­
tion of 1/0 ports to read. + Includes tri-state LOGIC PROBE to determine 
actual chip fatilu res. + Manual includes chip layouts and detailed POST proce­
dures for all major BIOS's. + AND MUCH MORE ...call for more details. 

iiYTE FC~ IVllCAO 
kt~l:';'.f.Z SERVICE NEWS 
t .\ Z.1 ·!• PRODUCT OF THE MONTH caa a 
Govt. Serv. #: GS-OOK-94AGS-5396 



Micro-scope cuEnT™ 

AMUST-HAVE REMOTE DIAGNOSTICS TOOL for PC Service 
Technicians everywhere. Supply your customers 
with this inexpensive software and let CLIENT diag­
nose what's wrong with their PCs with­
out leaving your office! When 
your customer calls you wi th a 
service problem, simplyhave him 
boot his PC with the Micro­
scope CLIENT floppy disk in 
drive Aand select either the Quick 
Test or the Extensive Test. Then just 
look up the resulting error codes in your 
CLIENT manual and you'll know exactly 
what's wrong and be able to bring the correct replacement chips, 
drives, cables, etc. Ensures complete system compatability. Available in 
packs of 10, 50 and greater. 

Micro-scope CEnSUS™ 
LETS YOU KEEP TRACK OF HUNDREDS or even thousands of 
computers and know each one's exact hardware and system 

configuration at a glance. Many techni­
cians and MIS Directors use this soft­
ware tool to save hours of downtime 
in companies with multiple computers. 

Simply load the supplied disk into each 
computer on site (up to 100 PCs recordable 
on each disk). CENSUS automatically 
records complete system info rmation and 
assigns each PC a unique 10 number. The 
data can now be downloaded from the disk 

into any database program so it 's ready to 
retrieve at a moments notice. For even greater productivity and speed, 
use CENSUS in combination with MICRO-SCOPE CUENT to remotely 
diagnose each PC and arrive with the exact parts required, fully com­
patible. You 'll be in and out in a fl ash with a greater profit margin. 
Call us for information on increasing productivity. 

Micro-scone BURn-ln'M 
APROVEN WAY TO INCREASE QUALI1Y CONTROL. Completely 
accurate and thorough diagnostic routines repeatedly test the 

system's resources to the fullest extent to 
find any hidden bugs or problems. Essen­
tial for OEMs and Repair Facilities-reduces 
the number of returned PCs dramatically! Runs 

with or without a monitor 
or keyboard. User defin­
able run time. Detailed 
system log w1itten to 
disk after testing. 

IVllCAO 

All products are caa a 
Windows 95 Compatible 

Circle 140 on Inquiry Card. 



1MB X9-BONS SIPP 
1MB X9·70NS SIPP 
1MB X 9·60NS SIPP 
256K X9-70NS SIPP 
72 PIN MEMORY 
256 X36·1MB·70NS 
512 X36·2MB·70NS 

40 
40 
4D EDD MEMORY 
15 4MB/BMB EDD 851170 

16MB/32MB EDD 350fl00 
25 1 X 32-4MB-7DNS/6DNS 75 
50 2 X 32-llMB·70NS/60NS 150 

--169--:W9- ­
-- ,C9--199-­

==rn==~~"=--115- -349-­

: :m: =~iaii: 
- 169 - ­

=: rn;: 
- - 139 ­

- - -1H = = = ,n==1~ ~ ~ 
--- 139--227­
--- 159--269­
- - - 129 - - 229 ­
- - - 126 - - 195 ­
- - 99 ­
- - 89129 
- - 109179 
- - 89 149 - -249 - - - - ­
- - 10'.I - - -219 - - - - ­- ss- --- ----­

- 89 1)9 - - 229 - - 429 - ­
- - 19159 



f?. WESTERN DIGITAL 
INT-EXT 

639M6 $ 179·329 
850MB 190-340 

l.1GB 210-360 
l .2GB 229.J79 
1.2GB 215-365 
l .6Gll 275-425 
1.2GB 355-505 
1.2GB 305·545 

Quantum 

STANDARD 
1.0GB lOMS SCSI 
2 1G11 7SMS scsr 
4.JGB 111.tS SCSI 
l .05GB I0.5MS IOE 
PS/2 50, SDZ. 60, 70, 80, P70, 
6301.18 12MS IOE 
1.2Gll 12MS SCSI 
MICROCHANNEl CONTROLlER 
IOE 169 SCSl -2 
IBM PS/2 INTERNAL DRIVE KITS 
30-8088,30­ 2811.25· 8088. 25­286 
630MB IOE 

1.0GB ICE 

MICROl'QLIS 
FACTORY NEW·5 TEAR WARRAHTl INT-EXT 
MC2210A 1 05GB 10MS IOE S34!J-..;99 
MC.:110 1.0SGB 9MS SCSl-2 500-623 
l.1 C ~221 205G6 65MS SCSl·2 529--654 
MC1936 3 OGU 11MS SCSl·2 850-990 
MC32-13 4 JGB SMS SCSl·2 0 19· 1034 
MC 2217AV 1.75G6 TOMS SCSl·AV 650·775 
MC4 22 1AV 2.0SGll 6.SMS SCSI-AV 679-804 
MC3243AV 4 3Gll 6.SMS SCSl·AV 999· 11 49 
MC1991AV 9.166 10t.IS SCSl·AV 1999·2149 

FUJITSU 
FACTDRT NEW·S TEAR WARRANTI INJ-EXT 
Ml614T 1.IGU 1\MS JOE $199-349 
M1606T 1.IGU 9.5MS IOE 215-36 5 
M1636T 1.IGO 9.5MS IOE 2 45-39 5 
Ml638T I tGO 9.5MS IOE 359.509 
M2932S 2.1GU !OMS SCSI 579. 704 
MIG38S 2.2G O 10MS SCSI 595-7 19 
M2934S 4.JGll 1OMS SCSI 899· I 024 

FACJORT NEW-5 YEAR WARRANn INT-EXT 
C37255 2. 100 9 .5MS SCSI 5595.7 59 

11ill·1fBJl:f.q.1.];i11iD 
c:::-.:NzR· 

FACTORY NEW·5 TEAR WARRANTY 
2 105W 2. 1GU 8.SMS S400RPM $ 739 
2107W 2. 1GO 6.SMS 7200RPM 776 
4207W •l.2GU 9MS 7200Rl'M 123 1 

OS)> seagate 
FACTORY NEW·S YEAR WAHRANTY 
ST 1.0G6 9MS 35X1" $ 536 
ST 2. lGO 6MS 3.Sltl" 789 
S 4.3GU 9MS 3.SX I " 1042 
51 4.3GB 6MS 3.5" 1199 

s 0~~rtt~ms· 2099 

FACTORY NEW·5 YEAR WARRANll 
XP32150W 2. lGB SMS 3.5X1" $840 
VP32210W 2.2G ll 8.SMS 3.5X 1" 726 
GP3430W 4.3GB 8.6MS 3.5" 1079 
XP34300W 4.JGB 8MS 3.5" 1199 

MICROl'QLlS 
FACTORY NEW-5 TEAR WARRANTY 
MC42 2 1W 2.0SGO 8.5MS LP3 5 $745 
MC 3243W •l .30GO 8 .5MS 3 5 10 69 
MC1991W O. lOGO \OMS Fii 1999 
WIDE AUDIO VISUAL TUNED DRIVES 
MC422 1WAV 2.0SGO 8.5MS LPJ S $749 
MC324JWAV •l .30GO 8 5M S 3 5 1099 
MC1991WAV 9. 10GO !OMS nt 2099 

Cl53•1A 2.0GB TAPE INT/ EXT 
35470A 2.0GB TAP E INT/ EXT 
1SJG 4GB TAPE INTIEXT . 
1533 4-SGB TAPE INT/ EXT 

:~~ ~~~l~r°~Tc~~~} 1(,~tPK)Ki :: .. 
3.S--5.25" CO NVERSl Orl KIT 1533 .. . 
J.s-.s.25· CONVERSION KIT 1536.. .. 
3 5«5.25" CONVERSION KIT 1534A . 
3 5·.s.2s· CONVERSION KIT 35·170A 

COLORADO 
~IE~IOHY SYSTEMS 

Jurnbo 1'1001nternal 5229 
MP Co101a<10 TlOOO .... 174 
PTIO 1.0GB SCSl·2 1/4" .............626-751 
PT25 2.0Gll SCSl-2 1/ 4" ............. 936· 106 1 
PTSO •l .OGB scsr-2 1/ 4" ... ....... 115 1·2 176 
PTGO 2·<\GB SCSl-2 OAT ... • .... 994- 1114 

CCNN2R~ 
TapeStor250MB Parelle1Por1 ...............$ 199 
TapeSto1420MB ParellelPon .................260 
TapeStor850Mll ln1 crnal .....................•.. 188 
TapoS tor 8SOMB Parcllel Pon ................. . 330 

EXABYTE 
4200C 4GB TAPE INT/EXT ........... .. $ 799·950 
8205XL 3.5-7GB TAPE INT/EXT .... 1276-1449 
8505Xl 7-14GB TAPE INTIEXT ..... 1898·2198 

l·M~ 
Bemoulll 230MB lnsllfer SCSI.. ....•... ... 5474 
BemoulH 2.30MB TranspMable SCSI ..... 474 
90 M0/ 150MB/2.30MO Camidge............ 99 

Mic::ro5olutions 
BACKPACKS 
OUAO SPO Pl.RALLEl PORT CD ROM OR!VE .. S-399 
DSKTIE ORV 1.2. 5.25-0SKTIE ORV 1.4, 3.5. 175 
800 rDBACKPACK800MBTAPEOAlVE .......... 155 
BACKPACK 420M8 HARO DRIVE. ................ 469 

r.!.v.t.rn .J 
MULtlMIDIA 

SteilllnSE2MB. l'Cl , Vl.8 .. .......... .$ 105 
Sllffd~tarSur 6J GliilhoCS 2120, ISA. 11.!!I ........ 11 9 
SpeeasWSur 6JGi~Pf*:s 2220. ISA.21!ll .... 175 
S1e;i.':n 64 Gra;:hcs2120XLDAA!.1. 1MB.PCl.VLB 149 
S1eal'.h64GriDhcs2220Xl.Of\M1. 2MB. PClVl.B 195 
S1ealth6JIMeo2 121. oRAl.1 , 1Mll,PCl ........ 140 
Slcaltl164V,ueo2201,0RAM. WB.PCI ....... 199 
Sleal!h 64 v.aro 2121 IV. ORAi.i, 11.16 EDO. PCI . 2'19 
S1eai:n &1 v.oeo 2121tv. DRAM . 21.IBEDO. PCI 305 
S1Ullh 64 v,aeo J241lXL. VRAM. 2MB. PCI 339 
Slell:Jl 6-: Vlllto 3241lXL., \"RAM. 21.19. Vl.B 339 
S!ealln 64VKJeo 3240XL. VRAM. 4r.18, Vl.B ....... •189 
EllOe JD2120Xl.ORA/.I, IMB. PCl. ................... 229 
E~oeJD3240Xl. DRAM, 21.19 . PCI .................... 405 

soc~ 
l lililliMMH 

Voyager IMU VL-Uu s .......... .. ............... 599 
Voy ager 2Mll VL·Uus ....... ................ 165 

SVGA·TRIDENT 
SVGA 25GK ISA . .... ......... • •. S38 
SVGA 5 12K 1024 X 768 tSA .................5 0 
SVGA 1MB 1024 X 768 ISA .................... ... 88 
SVGA 1024 X 768 1Mll VLO VGA card ...... 90 

PROMISE 
TECHNOLOGY. INC. 

IDE & SCSI CACHE CONTROUERS 
OCZOO 2f0 "4110 1SA(e.o,:i. to16Mll) ..... 
OC2300 t Enlwlct1JIOEV\.8wlt6SSOVo 
5030 32-Si!PCtBusl.laSlel'IOfC.KIWIQ 
DC-1~0 Bus/.IJ.Ster SCSVlDE Vl.6 w/1 0 ..... 
DCS.:O BusMi s:erPCISCSl l\10£ 

@ adaptec 
1505 CO ROM 16-Bi! SCStK!I ... 
1515 1601USA·SC Sl2KIT ...................... 8 2 
1520 1681\ISA-SCSI 2(70EVlCECAROJ .. 9 9 
1522 16 61t7H0/ 2f0KIT ......................... 1J6 
1522 16 011 7H0/2FO Can:! Only ............. 119 
1530PK 16 01tlSA 10 FASTSCSl·!tKJ1 ......... 1a9 
1542 UusMasterCartlOnly.................. 199 
15-12CPK Bus Masm Kn ............................245 
1640K MicroCnannel !or PS/2 . 7110 ............ 345 
2940K 32·111tPGISCSl·2Kn ..................... 235 
29 40WK 32·B!ll'C1WldeK11 ............ .... ......... 2 64 
27 42T EI SAK11 . 14H0s ............................ 369 
27•12W FA STWIOESCSICARO .............. 399 
2825VL EnhancedSCSVl OEKJt .................. 179 
28J2A VL SCSl2VESA ....... ·-· ...........259 
1460 Slim SCSI PCMCLA SCCSI Caro .... 199 
3940 DualCnannel PCI ControUer Kn ...... 469 
3940W J2 ert WIDE PCI OUAL CHMmEL KIT .. 475 
T160 16-Uit SCSl ........................ ......... . 85 
T348 P:m1llelPorttoSCSIP!us .... .... ......... l 49 
TJSB Par all~I Pofl to SCSI Plus Enhante!l .. 199 

•gs1 

SUPER CONTROLLERS 
IOE CONTROLURS 
200 2HD/2FO Controller Cables . . . . • • • • $22 
21 1 2MD/2FD w/2 scr!aV1 Par/ 1 Game . . 29 
243 2HDJ2FO VLB EIOE w(t-0 2s/1 1Vl g •.... 49 
400 rnsso 21mn m2-1s5so2s1 1p1 1u1sA .. ss 
500 1G550 211MF02 -165502s/IU/ 1gVLB . 99 

DATA TECHNOLOGY 
2278 Vesalocalt>usw/ 16550 ... . ....... 530 
2280 Super 10 carllwl16550 ................ 25 
2130 PCI IOE controller .. .. ............... 30 

MODEMS 

(!)Hayeg 
AccuraV42fAST 144 lnlernar . 
Accura V.42 FAST 14 4 E.ic1em~1 
Accura V.34 FAST 28.81ntcrnar 
Ac~ura V.34 FAST 288 E.icicrnall 
Op11rnaV.32wtvolco 1n1ernal. .. . 
Op11maV.32w/volccEJctcrnal .............. . 
Optima V.32 FA ST 14.4 PCMCIA Ca1d •.. 
QptlmaV.32 FAST 288PCMCIACa1d ..• 

Supra 
SuJm1El?1ess14 . .:1n1ema1 .... 
SupraE.i:press14.4E.ic!ernal . 
SupraU:press28.81ntcrnal .. .. 
SupraEipress28.BE.lcternal 

0!1'Jlobotics 
Spor\Ster 14.'1 lnttmal!EJclerna1 . 599·118 
Sportsler 28.SN.34 lnternav&tern.ll 192·205I 
SPOl1SltrV126.8V.341nt ....... • ..... 239 
CourlerV.34 28.8/2681nternal. .... 3 87 
Cou rle rV.34 28.6/266Ex1ema1 . .. .... 422 

inf:el-PUREDATA 
SatlsFAXUon 200 tnl .. .. $229 
SatisFAXtion 400 lnl .. . . . . 299 
SatisFAXtlon 400E.ic! ............ . .•...339 

••PRACTICAL 
. PERIPHERALS. 

14.4 Fax/Modemlntem~I .. . . 
1-1.4 FaxtModemE.ic!emal ...... . 
28.8 V34 Fa)(J'M OGen1 lntern;11 ... 
28.6 V 34 Fait/Modem External . 

BDCl=I...,.,,...,.... 
14 .4 Internal ............. . 
288 tnterna1V.3·L. 
288 E.ic!ernalV34 .................................. 209 

I I lj111£.] ;!:@ii ltnl! Ir.I ij 

TOSHIBA 
NOTEBOOK DRIVES/I TEAR WARRANTl' OH 2.5 " 
MK1924FCll524MB 15MS IOE $ 349 
MK192•\FCV5'10MB 15MS SCSI 449 
MK1926FCV810MB 13MS IOE 399 
MK2720FC 1.JGB 13MS IDE 595 

IBMHON520 520MB IDE $ 3 00 

&5> seagate 
ST9546AG 524MB 16MS 
ST9816AG 6\0MB 1GMS 



----

Introducing 

~DTIRAI 


. 


' 
The Best Thing Since Sliced Bread. 


Any way you slice it, DPT's new SmartRAID IV SCSI RAID adapters are the best. 

SmartRAID IV adapters are compatible with more operating systems than any other brand, 


offer hardware RAID levels 0, 1 and 5, and support for up to 64MB of cache. Available in one, 

two or three channel configurations, all SmartRAID IV adapters come with Storage Manager®, 


the software utility that makes RAID setup and maintenance as easy as point-and-click. 


Call for more information on the best thing since sliced bread...SmartRAID IV. 

You 'll find out why SmartRAID IV is the Smart Choice. 


1-800-322-4378 
' 

ii.DPT. 

Distributed Processing Technology 

The Leader in SCSI, RAID & Caching 

Technology Worldwide 


140 Candace Drive, Maitland, FL 32751 •Tel: 407-830-5522 •Fax: 407-260-6690• sales@dpt.com•http://www.dpt.com 
Circle 145 on Inquiry C ard. 
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With the backpack quad-speed 
CD-ROM drive, you're one cable 
connection away from a world of 
multimed ia business advantages : 
Plug it into your PC para llel port 
to access a universe of CD-ROM 
titles. Take it with you for portable 
data retrieval. Or shore it with 
o\l-ier PCs . 

Come See us at COMDEX Spring, 

Chicago, June 3-6, Booth #M4746 


. 

Mic:ra5alutiam; 

Call Toll Free - 800.295.1214 

N o compa tibility problems with 
vi rtua lly any IBM-compalible PC­
Windows, DOS or OS/2. No 
ta king you r PC apart to instal l this 
quad-speed drive . Just plug it into 
your PC printer port-plug your 
printer into the backpack. A simple 
solution from the backpack family 
of tape, diskette and hard drives. 

* * * * 
Famii PC Rating 

NOW AVAILABLE WITH 16-BIT BUILT-IN SOUND OPTION! 

132 W. Lincoln Hwy. DeKo lb, Illinois 60115 • Te lephone 815.756.3411 • FAX 815.756.2928 

Circle 137 on Inquiry Card (RES ELLERS: 138). 



Prolinea E 5150: P/150 CALL 

minitowcr 

P/100 : llMB RAM, 850MB HD, mi ni tower 
P/100: 16MB RAM , 1.6GB HD, mullimedia, 

$1969.­
$1569.­

minitower $2199.­
P/120: 16MB RAM, 1. 2GB HD, multi media, 
mini tower $2369.­

799.­
CALL 

Hayes 14.4 EZ-Jack $129.­P/133: 16M B RA M, 1.6G HD, multimedia, 
minitower $2469.­ Simple 14.4 ****!ildfed**** $79.­

P/150: 16MB RAM, 1.6GB HD, multimed ia, Megahertz XJackTM 1144 $89.­
$2769.­ Megahertz XJack"' 2144 $99. -

co11di11on. properly p.ick,1ged in !he or1gin,1I bO'<l''. with all rnanu.1 1 ~. w.1rr,m1y 
carch , L.1ble'. p.1ck 1n g materi rt ls, ell. NO r eturn ~ Me permitted on pr1Hlt1Ll' 1l1 ;i1 
ha'e bf'C'tl uwd. ,oflw.vc, and "srwc 1,1! rm!t•r " produns. t\ " spec1.1 I oidrr" prod­
uct j , ,i pmrluc1 th,11 .\lEC doc~ nor norm,1lly keep in stock and 1h,1t w.1s nrder1•d 
spcc 1f1c,11ly tor .1 p.1rt 1cul.u customer. \·Vhcn .1 product is returrwd. th e cu<iomw 1 ~ 

r6purh1blt• for freight .ind insur,rncc. 1\ll rcl urn~ ior credit or refund mu'I he with­
in 15 d,1 y-1 nf purch.lH'. (ert;i 111 ri::t urn~ .1re ~UhJCC I to a re,;tockini; lcc . NOT 
rc~pon~ i bk- lnr 1ypogr,1phic,1 I error<; . 1\ll prices iHC >ubJCCl to c!1.mg(' wit hout 

MultiTech 28.8 $249.­
Hayes 28.8 EZ-Jack (Limited Time) $229.­
Megahertz XJack"' 2288 $279.­
Megahertz lOBT/14.4, XJEMll44 $259.­
Mega hertz lOBT/28.8, XJEM3288T $429.-
Xircom 10 T llPS $169.­
3COM $215.­

$329.­
$199.-

Multigraph 4485: 14" SVGA color monitor, 
.28mm dol pitch, l 024x768 non -i n rlaced (76Hzl, 
low rad iat ion $229.­

AS/ 400 peripherals, Monitors, Pr·nt rs, 

Terminals. Network b ards h1;1 bs. 

DIAMOND: 

balftoia!{ 
jopFfff 

pa.~61 

b.~ 

M EC Computer Express 
A subsidimy of11/1111chester Equipment Co. Jue 

10 Marcus Blvd · Hauppauge, NY 11788 

800.612.6q1) http / / \Xf\Xl\Xfmecnetcom 

T ') lbA)').llqq 1= 1 16 4)).2.11 ) 

M EC Computer Express 

800.b5;z,.bqr3 

ADV821 : P/1 00, 8MB RAM, 1.2GB HD, 
6x mult imedia, 28.8 modem 

ADV822 : P/100, 16MB RA M, l .2GB HD, 
6x multimedia, 28.8 modem 

ADV824 : P/133, 16MB RA M, 1.6GB HD, 
6x multimed ia , 28.8 modem 

ADV826: Pl l 50, 16MB RAM, 2cl GBJ:jj9 , 
6x multimedia, 28.8 modem 

ADV828 : P/166, 16MB RAM, 2.l GB HD, 
6x multimedi a, 28.8 modem 

$2599.­

$2799.-

Prolinea E 575: P/75 , 8MB RAM, 630MB HD $1299.­
Prolinea E 575: P/75, 8MB RAM, 1GB HD CALL 
Prolinea E 5100: P/100, 8MB RAM, 
630MB HD $1499.-

Prolinea E 5100: P/100, 8MB RAM, 1GB HD CALL 

* fev1** 

to.4• passive, 3-year warranty 
Versa 40000: PnS, !)MB RAM, 540MB HO, 

f 10.4" passive, CD-ROM, ,3.year warranty 
Versa 4000C: P/15, 8MB RMI, 810MB HO, 
10.1• active. 4x CO.ROM, l "l'ear warranty 

Versa 40SOC~ P190, BMB OMB HO, 

LTE 5000: P/75, 8MB RAM, SlOMll HD, 

10.4" pa ss ive, 3-year warranty 

LTE 5000: P/75, BMB RAM, 810Mll HD, 
11.3" pa ss ive, 3-year warranty 

LTE 5000: P/75, BMB RAM, 810MB HD, 
10.4" active, 3-year warranty 

LTE 5100: P/90, BMB RAM, 810MB HD, 
10.411 active, 3-year warranty 

LTE 5100: P/90, BMB RAM, 810MB HD, 
10.4" ac tive, CD-ROM, 3-year warra nt y 

LTE 5200: P/120, BM B fW'A, 1,3GB HD, 

CALL 

$3299.­

CALL 

$3999.­

CALL NOKA: 

$999.­

$1199.­
$125.­

$2199.­

$2249.­

$1675.­
Prolinea E 5120: Pll 20, 8MB RAM, 
630MB HD $1599.-

Prolinea E 5120: Pll 20, 8MB RAM, 108 HD CALL 



~TEXAS 
INSTRUMENTS 

$275.00 
$385.00 

695.00 

Extensa 450 : DX4/75, 4MB RAM, 340MB HD, 
10.4" passive, 1-year warranty $1299.00 

Extensa 450T: DX4/75, 8MB RAM, 340MB HD, 
9 .4" active, 1-year w rranty $1499.00 

Extensa 560CD : P/75, 8MB RAM, 810MB HD, 
10.4" passive, 4x CD-ROM, 1-year warran ty $2799.00 

Extensa 560CDT: P/75, 8MB RAM, 1.2GB HD, 
10.4" act ive, 4x CD-ROM, 1 -yea r warranty $3699.00 

TM5000: P/75 , 8MB RAM , 810MB HD, 
10.4" active, 3-year warranty $2899.00 

TM5100 : P/90, BMB RAM , 1.2GB HD , 

10.4" active, 3-year warranty $3399.00 
TM5200 :~/ 20 , 16MB RA , l.2GB HD, 

1 1 . 3 a ti ve , Lithium Jon Datteries, 

3-yea warrant~ $4649.00 
TM5300 : P/133 , 16MB RA M, l.2GB HD, 

11 .3" active, 3-year warra lt; $5249.00 

270MB HD, Windows .3.1, mini-lower 
Bravo MS·L: P/750, 8MB RAM, 54MB AD, 

Windows 3.1, low profile desktop 
Bravo MS·L: P/90, 16MB RAM, 1.0GB HD, 
Wipdows gs, low profile desktop $1399.00 

Bravo LC: P/100, 8MB RAM, 420MB HD. 
Windows 95 or Wlt\dpws f\:>r Workgroups 3. 11 , 
desktop $1099.00 

Bravo LC: P/100, BMB RAM. 850MB HD, 
Windows 95 or Windows for WoJkgroups 3, 11 , 
desktop $1199.00 

Bravo MS: P/100, .J6MB RAM, 1.2GB HD, 

Windows 95, desktop $1499.00 

UNITED QUANTITIES 

€All for prices on other members of the quality line 
of AST computers. • 

,We also carry the full line of AST Advantage PC'~. the 
feature packed. compu~ers fQr ~e home or small office, 



• • 

• 
• • 

••• 

• When you choose the DataF lex application 
: development system, you cancount on de liver ing 
• 	 powerful so lutions. DataFlex's greateststrength is 
• 	 in the language, a 4GL strong enough to sustain 

anything youcan build on it. Powerful enough to 
take you far beyond the point at which most other 
products leave you stranded. 

Over 350,000 installations and 2,000,000 users 
in 40 countries make DataFl ex aprovenso lution fo r 
a wide rang e of busin ess app li ca ti ons for 
companies like Mercedes-Benz, Coca-Cola, and 
Streetgard. 

"In the business of saving lives, no other 
developmentsoftware offers theperformance 
and reliability we need. Clients also like the 
fact that we can transparently port to any 
hardware oroperating system theymayhave. 
The power ofDataFlex's language and data­
base have shaved two minutes off Para­
medic response time for the St. Louis 911 
operators. We would not consider applica­
tion development in anything butDataFlex." 

John Rich, Streetgard
•
• DataFl ex means business. We speak your 
: language because we want you to speak ours. Ca ll 
• 	 us today for a free information kit. 

CompuServe: GO DACCESS - Internet (WWW): http://www.daccess.comDATA ACCESS Phone(305) 238-001 2 
C ORP O RAT I O N 

http:http://www.daccess.com


---

GET DATA BACK 

fROM CRASHED DRIVES! 


RESCUE Data Recovery Soft­
;,. ware™ is the only program to 

easily recover lost data from1 
crashed floppies & hard drives 
even when DOS can't read 
them! RESCUE recovers data 
other recovery programs 

_...__ _ cannot. RESCUE automatically 
.... / 1 , ...-- recovers DOS &Windows fi les 
_::::::;:.::----- including data from compres­

sed drives. Be prepared for any problem. RESCUE is the 
insurance and security you need to safeguard your valu­
able data. Call now! Don 't wait until your data is lost! 

WinWorks"' is the #1 rated Win­
dows diagnostic (PC Magazine) 
that tunes, optimizes & trouble­
shoots Windows for maximum 
speed and performance. Edits 
all .INI files safely. Graphically 
displays howWindows is using 
memory, system resources, 

·-· system metrics, G.D.l. 111 
heap usage plus much more withhundreds 
of reports! Amust for all Windows users! 
Call nowfor full list of featurese EDITOIJ.l!'.I 

CHOl.cI] 

DEBUG ANY 
DEAD PC. ..fAST! 
~ ,.,.... , , :::o-.::.. 

1 " . :.:::. 

::.::::_ 

·JJU

:::=::.::-: ~~' 
, .~k.-

' . -­

source of failures. Includes detachable logic probe for 
optional component level testing. Cal l today and start 
saving money! "Pinpoint any PC failure.An amazing 

system." - John C.Dvorak, PC Magazine 

COMPLETE VIRUS 
PROTECTION! 

Software alone is not enough. 
The AllMicro Anti-Virus Survival 
Kit'" arms you with apowerful 
arsenal of virus-fightingweapons. 
Four levels of defense will keep 
your PC vi rus-free and your data 
safe. You get protection from 

' over 8,000 known viruses, plus 
ii'~ optional access to updates 

and our NewVirus EmergencyTeam. Also included is 
RESCUE'". the foremost data recovery utility available! 
Call NOW for complete features! 

Don 't throw away expensive 
motherboards, use PocketPost™ 
to debug dead PC 's. Feature 
packed diagnostic add-on card 
displays B.1.0.S. P.O .S.T. codes 
and tests 9 critical bus & clock 
signals. 300+ page manual has 
all the B.1.0.S. manufacturer 
codes you need to isolate the 

PC DIAGNOSTICS THAT 

REALLY flNDS THE BUGS! BECOME A CNE.. .fAST!


"7ililm!I••·The Troubleshooter'" is the 
most advanced PC diagnostic 
software available that really 
finds thebugs. The Trouble­
shooter bypasses O/S &tests all 
major hardware components 
directly for true accuracy. Works 

~ 
~-
·• ~ ~ 

------·· _ with Windows, Windows NT, 
_ ___ -· Windows 95, Novell, MS DOS, 

OS2, etc. - fully O/S independent. Loaded with all the 
tests you'll need to accurately isolate the source of PC 
or File Server failures. Priced far belowall competitors. 
Call nowfor full list of latest featu res! 

flX OR INSTALL ANY 
HARD DRIVE...fAST! 

= DrivePro'" provides fast, pre­
._,ivePro cise installation and mainten ­

~ ance for any hard drive. Over­
~ ride BIOS limitations for user­
~ definable drive types. DOS 
a format any size hard drive in 

J
under 30 second s. IDE drivesI.: _,· installed in less than 60 seconds. 

_ Allows use of IDEdrives with 
MFM/RLL or ESDI drives in the same system. Retrieves 
manufacturers' recommended specs from the drive itself, 
plus much more! Call nowfor full list of features! 

VITAL HARDWARE SPECS 
AT YOUR flNGERTIPS! [fl 

The Micro House Technical :.;:.,;: 
, !AfS,!$.C?~~ Library'" on CD-ROM is com­

1i: piled from over 50,000 pages of 
1l technical hard ware manuals! Gan-
i! tains complete configurations,
Ii specifications,diagrams, settings,
!l component locati ons and other 
1: .. vital hardware technical informa­
. tion all at your 

fingertips on CD-RO M. Includes main boards,II 
network inteeface cards, hard drives,control- _ 11- I 
ler and 1/0 cards. Amust for any service Top 100 j \ e est 
department. Call today for special pricing! 1co Roms ~ 

Free Technical Support • Next Day Shipping • Performance Guaranteed 
~ 
~ 

VISA• (811) 1113-4933 •­-
International: (813) 539-7283 •Fax: (813) 531-0200 

AllMicro, Inc. 
18820 U .S . Hwy. 19 N , #215, Clearwater, FL 34624 
AllMicro Italy: 39-2-891-0832 • All Micro South Africa: 27-11-823-5121 • AllMicro Germany: 49-89-272-5802 

TheAllMicro CNE Self-Study 
~ Course'" on CD-ROM is the first 

Q 100%Computer Based Training 
~ (CBT) program to fully prepare 
" youfor Novell's CNEexams. Its 
~ innovative design provides fast, 

effective and convenient training 
to anyone wishing to become a 

--~:;-;.;:.;;::-~· Certified NetWare Engineer, 
,...,,.. even when hampered by abusy 

schedule. Our CNE CBT allows you to learn and practice 
everything you need for ful l NetWare certification. 

The AllMicro CNE Self-Study Course offers you flexibility 
and portabi lity unmatched by traditional train ing 
methods. You can study when and where it is 
convenient, at your own pace. Because this program 
contains interactive exercises, you'll gain practical 
hands-on knowledge under simulated situations 
without the need for a working network. 

•All on one CD 
•Interactive NetWare simulati on for hands-on exercises 
•Studyat your own pace 
• Hundreds of practice questions 
• Priced below competitive products 
•Everything youneed to prepare for Novell 's tests! 

NOTE: As of 6130196 current CNE's lose their certification 
unless they pass Novell's new3. 1x-4. 1update test. 
We have the course! CALL TODAY! 

RESOLVE ANY IRQ OR 

OMA COMfLICT...100% 


TheDiscovery Card™ is the 
first tool to accurately resolve 
any IRQor OMA conflict in 
less than 5 minutes. 18 L.E.D. 
lights (11 for all interruptsand 
7for all OMA) immediately 
report actual usage thus 
saving time when configuring, 
upgrading or debugging PC's. 

Software alone cannot detect OMA usage and is often 

wrong when reporting IRQ conflicts! Call now, save 

time and end the frustration! li"f]INDOnlC' 


'.'· .. the most valuable tool lll 'Y~ 
m your d1agnost1c kit.. 1 99s w, N , oo 

BM
© 1996 AllMicro,lnc. Fix Any PC Fast, Rescue Data Recovery Software, The Discovery Card, The Troubleshooter. LAN Designer, The Alert Card, Anti-Virus Survival Kit and AllMicro CNE 

Self-Study Course are trademarks of AllMicro,lnc. All Rights Reserved. Other names are trademarks of their associated owners. Specifications subject to change without notice. 

Circ le 146 on Inquiry Card. 



...-;II 
T 100% GUARANTEED .. o;.,,.;~'"·"° If) PC 700 Se1iu [oU moclel1) &Voluepoinl Peiformor.ce Seriu 

8M8 n/o.............SIS9 (0Dmodel1I4MB n/o ..................579 

T LIFETIME WARRANTY .. ~!:.;','100; : ;;;;"" 
32MB n/o ..............S759 4MB n/o ...............$79 BMB n/o.... ....5159 

\6MB n/o ............... Ul9 32M8 n/o ...............5759 
PC 300 St1iu [oU model1) Ap~JYO [on modehJ 

':if EASY TO INSTALL ::;:, ::~;;: ;~: ~~!,ii~;;: :~:: 4MB n/o ..... ... 579 SI.IS n/rJ. .............5159 
16M3 n/o .. .. ..... 532"9 32MB n/o ...............$759<It'll Dimen1i011Xi'S [ol!model1I 

Aprivo 300, 500 and 700 1e1ie1
FREE TECHNICAL 
SUPPORT 

4MB n/o ..................579 4M8 (EDOI n/o ...... 589 
OMS n/o ................5159 8MB (EDOin/o ..... S\79 
l6MS n/o ... .. .... .... $319 16M8 (EDOI n/o ..... $4611 

4/.18 n/c ...... ... $79 16MB n/o .............$329 
Edvque1t55 

4MB 74G1299 ..... .. ........ .. ............ $174 

PS/225/286,30/286 
2MB 30F5360 ... . ............$79 

PS/2 35SX;lS,40SX. 50Z,55SX; LS, 65SX, lS. 70. XSration 
2MB 6450604 .... . .............$87 

PS/2 7GA21 ; A61 ; 821 ; 561, PS/Val~<tpoin1 Cu: models 
PS / 1Coniulton!, foentia!, Ex.pe11 mode!1 

2MB 6450608 .... . 585 
PS/235SX,lS. 40SX . 55SX; tS. 65SX; LS. XSia1 ion. 
PS/Valuepoint Cumadel1 
4MS 34f2933or87f9977 .................5159 

PS/235SX; IS.40SX,PS/Voluepoin1 
8MB 6450129 ... . .........$179 

PS/290XP.95XP.P75(poir1156,57(oll)PS/1 ProM2\2332MB n/a ... ... .. ......$759' 32MB iEDO!n/o .. .. $959 

Eduque1130 , 40ond50mode\i 2MB 64509(lL. . ...................SSS 


GATEWAY 2000 4MB 60G0896 .......Sl 74 l6MB 60GOB98 ......U49 PS/290XP, 95XP.P75(poin)56, 57[affmadeli) 
 MICRONAST PS/1286, 386SX PS/I Con11.'fton1. E11ential. E•perr model1. PS/ I Pro M212311t11 PS.l66Xl, PS.166, PS.ISO, PS.133. PS. 120. P5.75, P5-75 Pro 180 Mo9num. Pro 200 Magnum Plu1, Pl 33 Power Ser.e12MB 9'2F9935 ........ $79 4MB 9'2F9694 ...... 5149
.- Bravo lC, MS ian modeli) 4M8 6450128 ........$89 8M8 6450130 ... 5179
Fomily PC. PS.100 Fam. PC. PS.120fomily PC, PS.133 fem. PC Valuepoin1Pe1!0fmano model! SMP. P266 Pawer Serve1 St.'J', 4100 PCI Mo9num

4M8 500987002.....579 8MB 500987.003 ..S159 
 PS/28Glll ; 311 ; 121 ; 321 ,081 ; 161
4M8""" n/o ................$89 8MB'x. n/o .......... $179 
 4f.'8 92G92Q1 Of 73G31J1 ...................589 4MB n/o ..................$79 8,..\3 n/a.............. $159
2MB 6450379.... .. ................s8a 
"'... 16MB 50098700J ...Ul9 32MB 500987-005 ..5759 1&-IOw n/o ...............$·469 32MB>'» n/a ............$959 8MB 92G7520or7JG3132 ...............5179 l6t.'.S n/ o................$329 32Mll n/ a..............S7S9
PS/28GA21 ; A31 ; A16

HEWLETT-PACKARD 4MB 6.!51060 ............................ 5169 Pl50PCIMifennia. Pl66PCIMi!knniaPlu1. ~ Premmio GX (ol madeh) PS/ I Con1ul1ont, EnenTiol, hpeu modeb x43, l44, 

8M8 501565.001...5159 16M8 501566-00 1....5369 
 PS/Valuepoin1allmodel1ucep1Cumodeh hpon1 ion board1 for PS/2 80286 be~ model1 P75 Power Station, PlOO Powtr S1olion, PlOO Home MPC,
32M8 501S670Jl ....S7S9 64M8 501.S68001 .. 52i1'19""' Vec!ra VE. ViJ. vt2 66/100, XMJ. XM2, M2 4MB 96f9290 ........S177 16M8 96f9291 ........$369 4-16MB w/4MB 6450609 [uie 72-pin) ..................5299 ?150 Home MPC PW
4M8 02690A .. ........$79 8MB 02691A ....... SIS9
PremmiaW.. [a~madel1) PS/l Con1ultont, Enen!ial. E.pe11madel1 Expon1ionboard1forPS/280386ba1~madeli 4M8':iQ n/a ...............................................$89
16MS n/a ...............$329 32MB n/a ...............$7$9
8M6 500987-00J...S-l.59 16MB 501340002....$-369 l6MB 96F9291 ................................. ....5369 
 ~::~: :~~~ ~:~~g~~ !~: ~~::~L::::::: ::::::::J1~ BM81:iQ n/a .............................................5179 

32MB 500987.005 ...5759 64M8 501569001.$2,359 16Mll':-::. n/o ..............................................$469 


32MB1 n/a ... ..................$959
:iQ "'0 COMPAQ 

c NEC~;~r~:.~2:.212:~:2~~:26.2~i~4, 860, 992. 982. 972, 

PawerMote hp<eu II (an mode!i) & Image Se1iei (oll madel1)4MB 147522001 ... ..$79 BMB 14752300\ ....$1$9 

4M.B OP-41G30001 ...S89 8M3 OP-4l0.J0002 .$1 79
16M8 U7524-00l ...S319 32MB 147525001.. .. 5759 

!6MS OP41GJOC()2 .$6 13 32W OPJIOJC002 .Sl ,199 

-~~~·· 
72-PIN 72-PIN First Source Internationa l 

Always In cludes Ins t a lla tion 
Instructions! (an &t•nd•rd &Imm&) 

i::l'on·earily Parityfl" Prnario650. 660. 663, 433. 425, 866. 850, 833, 866 

Power.Mole Vol11t Serie1 (oll model1J & Ready Serie1 (all madel1)4MB 141684-00l .....589 BMB 141685-001.... 5179' 1 x 3·70ns 1 x 32·70 1 x 36·70 


ft 
;Ill .!MS OP..4IG1400J.. ..S79 Bh\S OP-410.14004 .$159 

~.. Pro!i>eo57SW.59C'NX,51J3.5100,575,590, 4100. 466,.450 
16M8 149320001... 5369 32MB 149147001....$759 

{3·chip/1MB) .... 523 {4MB) ............... 568 {4MB) ............... 578 
 16.V.B Qf'.JIG1400S .S3 29 32W OP..dlG1400iL.5759 

.4MB 172712-001.....579 8M8 172713-00l....SIS9 
 lma9e425, 433, 466
1 x 9·70ns 2 x 32·70 2 x 36·70 
 4Mll 41Gl2002 .. .. .$79 16M8 41Gl2003 ... $32916MB 172714-00l...Sl'l9 32MB 17271SOOl....S7S9 

'lll Prol.ineoEnhoncedfolmodel~,466. 433, 450, COS, 425S,.ms Reody425, 433 

<IMS 141864-001....................................$19 


{lMB) ............... 527 {BMB)............ 5119 IBMB) ............ 
5159 


4MB n/o ............. .. .579 l6MB n/ o...............Sl'29
Ill 4 x 3·70ns 4 x 32·70 4 x 36·70
BMB 141685-00 1..................................5179 
-
 Pawe1Mole 386/)Ji; bpm1 Te, e model! 

l6MB 149320-001... . ................5369 
 4MB OP41Q.620L..S89 16M8 Of'dlQ.6206 ...$613{3-di../4MB) ..... 579 {16MB).......... 5261 {16MB).......... 

5319
tl'fl DeilPro 590MX, 575MX, 575. 590, 5100 

4MB 172712-001. ..5162 8M8 172713-001 ...5299 
 4 x 9·70ns s 8 x 32·70 8 x 36·70 
 PACKARD BELL16MB 172714-001...$369 32MB 172715-001 ...5759 
z force St1le1 (oll modeh) & hecu~ve Seriu fo!l model1)l4MB) ............... 89 {32MB).......... 5619 {32MB).......... 5649
De1kPro XL lal!modeli) 

.tMB n/ o ................$79 8MS n/a ...............SIS9
4MB 148187-001..... 589 8MB 148188-001 ...$339 
!6.V.B n/o ................$329 32MB n/o ...............5759
16M& 148189-001...5669 32MB 148190-001 51,298 ALWAYS CALL FSI BEFORE YOU BUY!... 

LAPTOP &Ill 
• Call for Apple notebook memor~ •;II z Your 486 or Pentium 

computer should have at least .,...,C 0 M ~A~ "' 
256k ofcac/1e memory for • c,.,.,,, '"' , •PRI CE , •MB 190131-001 ms 

. I .r. ~ . DRDO PP ll , "" 190197-001 '"'I
optima perJormance! -~- 1oMB 190598-001 5459 


STANDARD (onMo4/'l5. 4/3 3 :: :::i=~ :~~~ 

CACHI CHIPS 16MB 1•'790003 ""
!;­ $2 25 O llE Elite 4/40, 4/50, 4/75 4MB 199013-001 $125 

BkxB 15nsDIP ................... .. $ :~: ::~:;:: :~~:
2125 1
 

0 

Bk x 8 20nsDIP.. .. . t Co.nMa 400, 410, -420, 430 4M8 147653-001 $125 


$4 00 8MB 147655-001 $225 

32k x B15ns DIP .. . ... $ 1 , , PR ICE , 16/M 1476l7001 sm 

z 
32kx 8 20ns DIP. ... 4,OO Et;• lOOO ~~.: 1:::: ~:~::::; ms 


32kx9 15ns DIP ... OO l1MB 21JlllOOJ ::!:
........$4$4t 00 
 64M8 213515-004 Sl,089 .. 32kx920nsDIP $ :oo ~ DE ~ L ~"' .. 
 4 1
64k x 4 15ns DJP $
4 

OO lo1i~e XPi. P75. P90 :~: ~ :~:~! !!~-: 

64k x4 20ns DIP ..................... 1 


Intel Pentium Motherboards """" , I B ~ i.i.& rw 
256kP· 1· B st( h Modi $49 t. Th;olPodJ61l -:_~~R DOCPPEl.l: •MB 84Gl689I 5125

ipme ur oc e ue..... ~ 8MB B4G5692 s225I 

Compaq $ 1w• 84Gl99l "" 

256k Cache tv\odule ..... ..... ..... ..... Th inl.Pad 365. 365CD JMS 01G7287 sIS 1
49 

!6MB 91G7293 5599 


IBM $69 q. Thin~Pad 701 4MB 0.4H6193 $125 

256k Cache Module .............. ... .... 8MB 04H6194 $225 


16MS 04H6195 $4S9
AST $59 lh in~Pod 700, 720 4MB 07Gl419 5125
256kCoehe Kit... ............... 
 8MB 07Gl420 $225 


16M8 07Gl421 SS 79 

8Mll 92G7316 5322 


16Mll 92G7316 5599 


NOTEBOOK MEMORY YiMf1!lHi·'il 
NEC TEXAS HPlo>0dol4l 


""'1 ,. "'11'l. 1"' INSTRUMENTS lMB C2024A ............... 141 

Ver~S. Veno2000 4MB QP.410.1201 5125 ~ , !ti. ~ bl ll(J HPta1erle15t 


' ' PRI CE ; 8MB QP.41().1202 5225 d'll E.<lenrn 450 ~ PRICE~ 4MS 9803932-0001 $15 1 IMB C3939A .........SSO 2MB C3147A .......... S79 

°":. QRQ~.: l6MB OP.Jl().1203 5599 -~- 8MB 9803950-0001 5309 4MS C3148A ........$129 SMB n/ o ..............S239 


VeriaV, M.P. 4oOO,V' 4,.,_..S OP-41().JOOI 5125 16M8 9803933-0001 $599 H?lomJtlllP.W,OIP, fttD 
4050,4060 , ' PRICE ; 8MB 0!'-4IG4002 5225 9 &len~5S0. 550CO. 8M8 9609810-0001 $285 w.a 334758............579 4MB 334778 ........_5129 

16MB OP 10-4003 $459 560, 560CD 16M8 9804841-0001 $599 HP ta1erJt1b,110 

.---~_-_e_no_P_i _-- ,,,..004 __ J~~:: :~~::!:: s~· ;~~:·4M:' 1 29
.:_JlM• °'~____.... 1M5000. 5010.5030. ;;: H~~!1er~:1~1: JS~~:Si~l3~~~~~;;··i2~
5\00. 5200 ' , PRICE; 16MB 979881600)2 5719 lMB C2063A ..... .... ..541 2MB C2064A ............$89 


1M4000M --=-~.: 1!~: :~~~n~ :j~! H!~1erJ:t2~:.~~p: ·c~~~:erJ!1MB C2066A ..........5199 


~T 0 5 H I BA H~~11J:i35~.~oo:·...5~~.9s2:.855~~~~~560C .. 599 


i{f12100, 1210S, T2J10. 4~\! NW~ S~ 256K 227078 ... ................................$40 

12115, 12130. t2 135, 8M8 NW2027U S125 HPOe1igrJt15P, 5MP 

12150, 12155 16h\3 NW2028U $425 4MB CJ132A ..........$99 8.Y.3 CJ13lA....... $199 


24MS NW2029U $159 Olido1o Ol 400 

_,, 11900. 14600, WOO. .!MS fC.fA2012U $140 IMS 7001 4701 ................................. $79 


T4800. 14950, 14900 8MB PC.fA2013U $249 2°'"8 n/ o. ...........................................$129 

, 16MB PC-l'A2014U SS99 Okido!o0l400f 


' PRI CE ; 32MB PC.fA2015U 51 139 2M8 n/o .... .......................................$119 

n/o ............................................51 89
~ 13400. 13600 °":.~_: :~: ~;~~i16~ ~~:! 4MS 

16MB PC.fA2023U $549 

1400, T405, T4\0, 1415, BMB NW2031U 5279 
 r-------------------,

I ll6l0Pottege. 1100, 1105 16Mll NW2032U $459 

32MB NW2034U $829 


llE'll Tecra 700, ' 
1 PRICE ; BMS NW2035U $409 
 i IF YOU CAN'T FIND i 


720COT ~_: ~~: ::~~;~~ S I~~ 1 1 


AST i WHAT YOU'RE ! 
1"'l:.'d:! ' PR ICE !ti~ 

;;~rioBOON~~.: :~: ;~:~:::~ 5125 iLOOHING FOR CALL! i
$225 

!6MB 501498-003 
 1 1 


Aicentio 900N. 9l0N 4MB 501392-001 $125 

8MB 501392-002 $225 

"" : Wes l oe~ memorq upgrades for : 
. , ' PRI CE ; 16MB 501392-003 $459 : lllOusands ofcompulers& prinlers : 

Aicenl109SON -:_.~_: l~~ ~~:i~:~ $289 
I 1
5599 

L-------------------~ 

TERMS & CONDITIONS: Credi! cwd ordffi slipped rd/ 10 '!W vtrifitd bing 
oddrm. Unopenedptoducrsmoybere11Anedwi11W!ISdoyioli1Yoicedatef01af\jCall the Upgrade Experts relundeAcluding~pingoodimuronre.Alolheirel!AnsrrM! beinnew,1esalobfe 
condil\on, irdtOng cl 01igirol pock~ wononry cords. nm.Os oOO rxctSsories 
oOOtrl1ibestbiecttoa2Cf,resto<W;i fee.fSlwilnotoc<epl1e!'Wnsoo:ptin1ers-I YJS.4' ntoner/d c01nidge hos been insto~td. oper.ed software, Of custom conligwtd ~· 
tems. A~e111nMeicbordiseAIJlhoti1orion( W.AJl'llNTlberisre!pJir!df01alre1Urns. 
~econroctOU1cuslamerstr'oicedepartmen1.Sony,norefisidsoherl5doys, 

ORDER NOW 
aeditOI excOOnge only. frtighrondinsllroixedugesarenorHelllldoble. Memo1y 
p1od.xts me rlird potly, roonuloclUler's Mlben Ole for yru coovenien<e. Due ro 
1.1.C. rorifk pkxed on SOOlt roonufoclllers. mtmol)' pti<ing may be Ngher ltlan odwr·800-847-9866 
 rised.l'ilctSandlM!ilobili1ysubjectto~wilhoo1oori<e.P.,.dwp<iceso1rhe 
rirneof01de1mefinol.fSlcoM01be1esponsiblefoienors intypag1ophymplio1og­
rophy. l1ademarls llnd 1~@d no:!emnscre ci r!iei respeaivec~International Orders Call 714-448-7750 

WHY ADD 

MORE MEMORY? 


" We reco111111e11d !61118 ofRAii/ 

(for lf!i11do111s JI or Windows 95), 


parlicularll' ij)'Dn plan lo 

mn 11111//1/Jfe applicalions. '' 


- PC.\1:1i:;11foc..\la)· l6. 199; 

DIGITAL 
~ ~ ~ 

HiN01e 4MB FR.fCP7M-AA $14 1 
"" 
BMB fR.PCPlMAB $265 


16MB fR.P(P7MAC SS79 

HiNoleUhro 4MB FR-PCP8MAA $141 


8M8 fR·PCf8MAll 5265 

16MB fl1;.p(P8M-AC $579 


http:425S,.ms


I 

MEGAHERTZ 
28.IBPS PCMCIA 

FAX/MODEM
WITH XJACKe 

• U . .4 or 28 .8 data transm issio n 
• Hot swapoble • aa......t­
• XJACK co nnector r~111iiifi.!.ft 
• 5 year warranty 

XJACK 14.4 Fax/ Modem ........ .. . ..... .. 1 7 9 
XJACK 28.8 Fax/ Modem ...... ............... 1 282 
Combo 14.4 Fax/Modem • !OBlt"°'roei ...•246 
Combo 28.8Fax/Modem ·10111 Eh:tf'Cl . 1 423 

New! This organizer fits your shirt pocket olld pock· 
etbook. Tovch a button and you're in sync with your 
PC . Eveting's included. 

~:c':m;,;bie~pgcodoble [!hjJQ_~tiC~ 
Pilot 1000 for Windows ... .. ................. ' 289 
Pilot 5000 for Windows..... .............. 1 3 59 

• High perfomicnce 1OOMHz or 
I33MHz ln!tl PHtli11 mCPU 

• 16·billO'Jnd. mit: & ipeD~ell 
• ln,t,e~P"'1 
• .:X CO-ROM cfm.e module 

Asce ntia P- Pcnrium/lOD. 

• ll.J"colordi1ploy 
• SVG.A. 800.600 rei 

• liiliiumlanBo-iery 
• Smc:w1PoinriovehPad 

8MB. ! 1.3" 01101 Scan, 800MB .. .... '3,255 

1 

I EPSON 
STYLUS COLO II 
INKJET PRINTER 
\em\ 

EPSON" 

lf ~·ou\· c i;m a PC 
runninf.! \\:r. nJows• 
aml umixlcm. Ju no 
gi.·cs>·o;ior\'rl')1hinJ.! 
)'o;io nr.:Jto u)C 
fnicmc• ~mail.frec. 

No1afrcc 1ri al. 
Fr cc.pcrioJ:" 

OVER 36,000 HARDWARE &SOFTWARE PRODUCTS AT DISCOUNT PRICES!Si::ir 
• 	 DISCOUNT PRICES • SATISFACTION • CORPORATE PO'S SEE US ON• HUGE SELECTION GUARANTEED WELCOME 	 f 
• 	OVERNIGHT DELIVERY • NO SURCHARGE ON • GOVERNMENT & THE INTERNET 
• 	 FREE SUPPORT FOR 

FSI CUSTOMERS 

NTELew 
'um OverDriv · 
· +_;--OVERDRIVE 
m'e' PROCESSORS 

WIUi lrrr.f o..on.... ,,...,..._.., 
you all 8ffonl to Ufltrad& 

1~1~~ ~ 

ll ' ~ 
O--erDrivoproce~1011oreovaibblei11 o rongeolprke/per· 
bmonce op!ions. Boml 'f(NI ~re's~ in any PC 
ope"oliog syWm: Wi11dow1·. MSOOS, OS/2 Ol'ld Unix. 

Odg!M !'rty ! fO( Om4d!• PugtMH' 

486SX/ DX 25MHz 75MHz. OX.: •142 
.C:86SX/DX 33MHz IOOMHz DX4 ' 183 
486SX/DX 25M Hz 63MHz Pe111ium ' 140 
486SX/DX 33/661v\Hz 83MHz Pon! ium 1 1 97 
Pen!ium 60/66MHz 120/ 133M.Hz Pri.m 1357 
Penti um 75MHz 125MHz Pentium 1357 
Pentium 90MHz. 150MHz Pentium '437 
Pentium lOOMHi 166MHz Pentium '592 

NEW PENTIUM UPGRADES 

REMOVABLE STORAGE CD· ROM 
SYQUEST IOMEGA 	 GoldStor6X, !nt. EIDE $109 
:z1 35 Drive ln1 flDE/Exi SCSI/ Zip Drive 1OOmb lnt/E~t/Po rallel .. .. ...... ... $ 199 TEAC 6X, In! EIDE K11 ....... 5199 
: ~1. Poroltel .. . .. $189/ $199/$159 Tolllibo6X, ln1 EIDE K<t .. .. 5136Joi Drive lGB SCSI Int/Ext ... ..... . .. .. $474/ $568 


Zip PC lOOMB 1ingle lOOmb pre.formorted fo r pc .. . 519 
:z135 135mbcartrigo .. . ... .. $19 To1llibo6X,SCSl ln1./h1..... . .. 5267/ 5336 

HEWLETT PACKARD Nec6X. SCSlln!./hr ..5341 / 5486 
Joz 5'10MB J .5 1ingle pod . ... .. .. $69 

3111e1rore CD.Writer .dX.f! 2X.W .d020i ... $999 Nee 4~.: . EIDE. ln1 5271 
Joi lGBJ 5 1ing!epocl SI 19 Nee M11l~med•o .i.V lnremi;i l SCSl/ EtDE . $167/ $79 

Ple.tOI' .:Pie. Plv1JX, SCS! lnr/hr $258/ 5340 
PleA1Ct6X.SCSltn1 / E,_1 5305/ 5387 

KO 7.d blank CD 71. 1ingle unot ... $11 

NETWORKING SCANNERS Pono l0f1 ic 2XPortoblePCMCIA ...... 5294 
Ponol0f1 ic 4XPorroblePCMCIA .. .. ............ $391 

KODAK:~~n~ll~Eu~~ri~eA~~G\~~~s~~;:~~ 'P .....$ 104 DC 40 Digital Camera w/!w .. . 5699 
~~k EN:TISA-16 \()rr,bs1j45bN:.ouitombo ..$113 TAPE BACKUP

OC 50 Digital Camero w/!w .... . ........... .. .... 5999

Cthe1linl Ill ENH PCI 1Omb1 rj45 n0-0vi 1po S 114 
Ether/ink !fl ENET PCI JOmb1 r145 bric oui combo .. $ 166 MICROTEK Colorado T1000 BOOmb ln!/hl ..$157/ 5186 
£tlierl1nk Ill ENET PCMCIA lOmb1 ri45 6~ coble . .. $ 158 PogeWiz for windows JOOdpi poge1uilc OCR iw.$189 Conner ia1X1S!or 800mb ln!/ht. . $1 19/ $230 

Scanmoker EJ fltbd 600dpi 24bit cir SCSI w/1.w .... .. 5377 Co11ner TopS!ar 3200mb Int .. 5239~!T!;,~~!!~bel~~i~~gB~v:,~~:!~ upgd ..... .. $ 103 Sconmo~er llHRArbd 1200dpi 24bildr SCSI w/!w ... $565 Iomega Di"o Easy 800mb ln1/Exr S119/ 5146 
Emtre~pte11 Pto/ 10 16b~ IOST. min.lhick Resh vpgd $ 117 Sconmolei 1!1 IL-bd600dpi 68 7lx:lr SCSI w/sw ... 51,013 Iomega 01110 3200 tnr/ h1 5137/ $191 
EMerexpren ?10/ 10 PCI ENET J2bi1 'P 011!y .$141 Mic raw!1,r11on1 Ba e ~ Po,~ BOOmb to E.1 5 1 59 U l fet' F"""t 00'> .. :~~tf•eenq ...UC'.eHi:rhere~pren ?10/IO PCI ENET 32bi1 combo .$ 166 

JM Tra•cm Tope Co111idge 800mb/3200mb. 531 / $35 

EthertApreulwb1 ...... .. ..... ................. Call TopeSrc1 4000. 1.6GB. SCSI. ln1./h1 5383/ 5$09 
ftherexpren Pio 10/ 100 PCI ENET 32bit 10bt .$119 PLAY INCORP. 

~Video FraneGfobl:e- 24bitc~ prnt p:::t1w/1w ..$189 
BOCA Multiple packs available TopeSror 4000, 1 6GB. E· IDE. Int ........5383 

10Bose·T Ethernet Hub 8 pon .... .................... $89 
 UMAX 
\O!lo1&TEh1erne1Hubl6 por1 ...... ......... $196 Bizcord reeder 400dpi SCSI ..... . $125 

Soca lanCordEtl\ernctVLB 10Bose-T. .............. $59 Pogeoffice JOOdpi 256-grey SCSI I\ w/pogemgr .. .$323 


HARD DRIVES 
5ocalonCard E1herne1 PCl 10Bose-T ... .... $69 Vista-S6E PCLE2 color A1bd 600dpi Ubi1 w/lw ...$389 MAXTOR
5oca lan Cord Erhernel ISAIOBose-T.. ......... ..$49 


Powedoo~ pcpro2 lhbd 1200dpi SCSI w/ iw..... $1 ,876 

MULTIMEDIA HEWLETT·PACKARD :1m~~~ ~fa ·•• l~~Sconjet 4c flolbed 600dpi 24bit.clr w/c~1 w/lw .5999 2GB E~DE ....... I 0 E $329
CREATIVE !ABS lil'li\mJ EPSON 	 WESTERN DIGITAL
.':''.:l'CO .:X $239 

Pharo PC Color Digital Camero ... $489 IG!I E ~DE 5146 I 28GS E ~DE $145
5'e1'trCO:.X/6X/ CX ... Sl29/S199/ Sl39 1.6GB E ~OE 5199 2 lGB E~OE .5369 
So-.tridS!a1'l!r 16Vo 1Je IDE m Action Scanning Sy11em II J00~600dp1 ....$489 

2.5GB E ~DE $453 
X:~ndBloittr 32 IOE .. .. . ..... ... $159 VISIONEER SEAGATE 
011,ove ry (016 4X/SX.. ... .. ... $279/$349 PoperPar1VXfarWindow1. seriol inlerface ... .$3 18 \GB FASJ.ATA2 5219 l 2GB fASf.ATA .. $233 
Pe:formor1eeCOl6 SX .. . .. ..... $404 l .6G!I fAST.ATA2 531 1 2 lGB FAST.AT.A. .. 5351 

QUANTUM 
850M!I FAST·AlA2 5202 1 2GB FAST·.A.TA2 S2Ja 
1.7GB fAST·ATA2 .. $180 2 6GB fASf.ATA2 .5405 

AMERICAN POWER CONVERSION NEC CONN ER 
2o::i.LPSl'ro21Kl. Wri95... ...................5145 Mul~1ync XV15+ 15" 28mm 1024x768ni 60hz Act .$479 1.2GBE·I DE .. $284 1.6GBf.IOE ........ $337 
5cd.LPSPro420. Wri95 $237 FUJ ITSU 

BATI. BACKUP/UPS MONITORS 

Multi1ync r.\500 15" 25mm 1280x1024no651\z Bot ..5571 
5crlU'SPro650. Wt195..... . $293 lGB E~DE .... $223 I 2GB E·I DE.. 525 3 N.u1ti1ync WOO 17• 25mm 1280Al024ni 65hz llot . S857 
~LPS700 ...... .......... $369 	 MICRO SOLUTIONS


Mu!ti1ync XV17. 17' 28mm 1280x1024ni 60hz llo1 .S807 
~Lf'SlOOJ . .. . $501 	 BaclPccl l.2GBconneC11 top1inter porr 5446 

M.fli1ync XE17 17" 2Smm 102'1A768ni 60hz Ro1 ..$ l.008 
Snoil.PS\400 .... ... ...$629 BadPod l .6GB cannecl1 to printer port .. ... ... $477 
'ii.,-gc .Al!C'JNet~ .... .. .. $31 Mu~i1yoc XPl7 l7" 2Bmm 1260A l024ni 60hz Rot.$1 ,044 

Suge.Al!e')f'RO ... .... . .............. $29 Mu~i1ync XP21 21" 28mm 1600~1200ni 60hz Rot .. Sl,182 CALL FOR ALL SCSI DRIVES 
ADI SYSTEMS

VIDEO CARDS Mi<ro1eon J.'J 15" 28:nm l280x1024ni llar M?RH..$380 E·IDE & SCSI 
Micro1eon 5V 17' 28mm 1280A l024ni Aor w.PRll .. .$645AJ1~r.,,.~1mbnmb .......................s1401s 111 
 CONTROLLERSMicroScan l7X 17" 28mm 1024x768ni Rei MPRH ..5898A11Wn.rlx:i2:r0 ... ................$110 


A11Gr~Pro7urixi2mb/4mb ............ ...... ....$317/ $44lJ NOKIA 
 GS! 
Oianond*Mi642!20/21WJ .... 51 19/ $147 Energy 17' mv!r 26mm 1024x768ni AotMPRll .... S685 Model 18. Co-Re11dent IDEAcce\era:or .....$49 
Oianond Sd 6J 3200/3240 . .. ............... 5258/ $340 Model 21 . Combo ID!:. Flpy, Accelerator . 569VIEWSONICO!omond 5ieo"!li 64 J:.OOXi .. . $493 Model 32, Muhi·Pan !DE. w/(2] \6550 Uan . 5129Viewwnic 17GS 17" 27mm 1280•1024ni f!ol. . 5684C~lob1JDBlc11e< .. .. .. ...... 5321 Model Vl . 32·bi1Ve10 E~render Boord far VlB .... .. 579
Jcu M;~l'lll!d.oJol.crtJ MPEG .. ........... .... $371 Viewsonic 17GA 17" 27mm !024x76Bni f101spk 5771 
Jcu 30 Nogic .. .......$109 View10nic. 17PS 17' 25mm 1600x1280ni 60hi f!oi .5859 ADAPTEC 
,t..b~ NGA Mllenivm JD 2mb/ <imb ........... $311/ $451 AVA-l 515 l11 SCSl2 I6bi1 no Aop w/coble w/lw litt .. .585 

GOLDSTAR
NJmbe.-99fXVl!ionJJO lmb/ 2mb ................ $131/ Sln AHA·1 520o SCSl2 l6b1t nal!op wo/ccble do1 .. .$69 


f'lnher99fXUdi«i531 lmb/2mb ............ Sln/ $220 AHA- 15.<!0d 5CSl2 16b•t noilop wo/cob!e dos .... 5 193 
Ene19y 15' . . 28mm, 1024A768ni, Hal. M?Rll ..... S338 

N-ftber99fXl.'c6otlnl 2mb/ o!mb .... $191 / $441 Ent19y 17'. 28mm 1280•1024ni. flot. N.PRll ...... 5662 AHA28.:2a ~ 1 1 FASTSCSl2 Vl.B 2Rap w/,ob!e ...... 5241 
N..tr.bef 9 lmog:ne 128 2mb/ J.mb ...... .. ...... .. .. $486/ $822 M.iilirnedic 1527 15' 28mm 1280..102411inotMPRA . .5409 .A.HA·2940 FASTSCSl2 PCI no Ap wo/ cbl wo/lw 5217 


MAIL OR FAX ORDERS TO: Call the Upgrade Experts\714\ 448·7750 • FAX: {714) 448·7760 
EMAIL AOOif.SS: sales@firstsou rce.com 

fi rst Source lntemationol -v1s-1· 
7Journey • Aliso Viejo, Califo rnia 92656 ORDER NOW ­

FSI SALES HOURS 
Monday · Friday • 6am · 6pm 


Saturday, 7 am · 4pm 
 800-847-9866 
TECH. SUPPORT HOURS 

Monday · Friday • 7 om · 5pm International Orders Call 714-448-7750 
All hoors Pacific Standard Time 

Circle 149 on Inquiry C ard (RESELLERS: 150). 

www.firsbour(e.comCREDIT CARDS EDUCATIONAL PRICING 

If You Don't See What You Are Looking For - CALL! 

Ascentia P- Pentivm/100. BMB 
11 J'Dual Scori, ! 2GB ... ......... .. ... •3,719 

Asc entia P- Pen11um/ l 33. 
8MB. 11.J ' Ac1ive. BOOMS ......... .. ... •4. 185 

Asce ntia P- Pcnh11m/ 1JJ . 
8MB, 11.J" Acl ivc. 1.2GB . ..... ...... ' 4 ,.649 

N OTEBOOKS 
AST 
Aictn!~ JlO,Pen•r.1m/7S , SM8, 104 ' 0S. 500MB .... Sl,119 
Alte~10JIO, Pen'1Jm/75, SMB, 10.J' OS. BOOMB ...... 52,3 11 
A1een•a JJO, Pentium/100. 8MB. \O..:• DS, 800/.\B .... 52,599 
Ai.cer-~c JJO. Pen~vm/100. 6MB, 10:.' Ac~·<9, BOOMS .. $2,799 
Aice~':CJ50, Ptn!vm/ 133. 0MB. !04' .:..ar.e.BOOMS 53,"S 
/..s::er.tc f ' . P""-v:n/ 100. 8MS, 11 3' OS. SC(IM!I 53,255 
.A.1eent.cF' ,Pent.ulft/ I00, 8M8. ll J'OS. I 2GB $3,719 
kcer.:.aP' , PenhU1!1/ IJJ. SM8.113 'Actve. 800l.'a $4,115 
A11:er~a P·. PenhUl!l/133. 8/.'.11. 11.J' Mve. 1.2GB S4,649 
' lndude~ lntemol 4l CD-ROM Dnvt 

TOSHIBA 
l\OO::S. i'entium/75. BMB, 10.J" OS, S20MS 51 ,936 
12130CS. 486DX4/75, 81.18, 10d" OS. S20Ni8 . . 51,549 
1.:lOCS. Pen~um/90. BMB r:o. 11 .J'DS. 8l0MB ... 53,099 
l410CDi.Pri..nv"i'J. 811!..,. ll J" Ac~. SlCMS.CDR<),I $4,261 
T61oc1. ren.~1J!11/90. ei...a~-<> . 9.s·~. nov.11 53,874 
if<r:i 70CCS. Per•l.11"1/ 120. 8J.'Si:.:. 11 J' OS, 1 26G3 53,874 
~70XDi. f'nrn/120 l&:0 ..... 113"kr~.126G8 $4,842 
lcaonOCDT. Pril!VlJJ. 1&.-aw. 121 ·k!Ne. 116G8 57,264 

TEXAS INSTRUMENTS 
f.:ienro :.50T, 4860X4/75, 4M.B.9.5"Ac!M!, 34Q.'.•S ....51 ,465 
E.."enro 560CO, PeM~om/75 . BMB. 10 .:• OS. 810M!I 52,736 
E.-Jensa56CCOl, Pen~/75.8MB. 1 0 .: 'Actwe.12GS 53,713 \ 
1M5 100.i'er.~....,,.,/90. BMB. 104"Ac:rve, 12GB $3,n t 
1M5200. Per..>ivm/120, 8M!I, 10J"Ac!M'. 1-2Gll ... S4,3067 
lM5300. hn',vm/133, 81"8, 11 J"Actr<e. 1.2G8 .. ........ SS,J7S 

NEC 
Vtrsa 2100::. P~v.ro/75. SUS, 9 5· Ac l..-f. 81Qr.'.B 51,278 
Ve-ro :.ococ.Pentll!'°'/75. eMB. 10 1·AClu~. 540M3 . $3,618 
Veisa .:050::.. Pel'lt.Ul!l/90. SM!I. 10 l"Ar.irve. SJQ.\•.S $4,284 
Vt!IO ~OSOHC. Peri11~m/90, SMB, 10.J"Ac:ive, 810MS $4,284 
Vfrro ~OSOHC, Peniii.im/120, SMB. 10 4' Act;vo, lGB . $4,760 

CASES 
TARGUS 
Na!epoc ... .$35 leorlier(oso .........$79' 

Univer10I Co1e ... .. -· $68 COl'M:lbble Bock Pocl .. ..$68 
Prem ie r No1ebool .. 578 Bu1ine11 Comu1e1 5123 
Piesrige leather CoW! 5128 Encore Nylon Coie ..... $98 
ErKore Leorher CcW! . S 168 Bu\ine11Traveller ....$ 198 
Sheipo Reiling T1ovelC010 ... . ........ $179 

• \ 79 ~ "'~«~<at ~1,..,.-1. c~,..~-~ ··99.,luoly p ,t.001 SQ&) 

PC CARDS (PCMCIA) 

Eiliemet lOBo1e-T/Comba ... ............ ...... $103/$ 129 
170/v',S PC Cord /26-0MB PC Cord HOO ... $360/ 5404 
SRAM 5MB - 2M6 / HASH 2.5MS - 40M6 . . .. .... Call 
MEGAHERTZ 
XJACK lJ..'1 foA / Modom/28.8 foA/ M:xlem....579/ $281 
Ethemel XJACK 10Ba1e-T/Combo .... ....... $122/$158 
Etllernel • lA .4 Modem XJ.A.CK IOB01e-T .. .. ..... $246 

XIRCOM 
Crei:foCa1d tlPS Ethernet, IOBose-T/ Combo ..5138/ $185 
C1ed11Cord Ethernel • 14 d Modem, lOB01e-T ...... $351 
Cred1iCa1d Etlierne1 • 28.8 Modem. IOBose-T ..... $450 

Stylus Color llS ................................ ...1207 

Stylus Color II ........................................ 1282 

Stylu5 Color Pro ................................ .... 465 

Stylus Color Pr~ XL ................... 1 1 ..694 


PRINTERS 
CANON COLOR BUBBLEJET 
BJC.70 ... .. ............. $349 BJC-210 .. $2'33 
BJC-6 10 ...... .. .... .. $434 BJC-4100 ...... .. . $3·1 1 
OKIDATA 
OKUET 2010 ... .. .. $329 Ot600e ... 5394 
0L6l0e ............ $488 OL810e . 51SS 
Ol1200 . 51 ,098 
EPSON 
Stylu1 Colar lb Inkjet. $107 Stylus 1000 ln\ [el.. 5473 
Stylu1 Colar II lnkiel... .$282 ~sCoOf'l'o ir'lli. je1. . S46S 

Styl111 1500 Inkjet ...... $878 ~,l40Pn:i)ln.fJ $1,694 
TEXAS INSTJ!UMENTS 
Micralaser WIN/ . . $4 21 Mic1olo1er 600 5844 
Microlo1trPro/ 8 .... $1 ,097 MicraloserPra/1 2. $1,3.50 
HEWLETT·PACKARD 
De1kjer 340.. . $296 De1kje1 600 . . ... .. $203 
De1kjct 660c ........ .. . $354 Oe1kjct 85Ck ..... . $501 
Lo1erje1 SL.fS ...... .. .. $504 laserjel 5P ..... $874 
lo1er(e1 5MP ·-· .. $ 1,024 lomjet JV 51,930 
COSTAR 
lobe1Wri1er XL forWindow1 ..... .. $149 
label Wri1e1 Xl Pro for Windaw1 .. .. .... 5119 

.._-...~~--" 

To get Juno, call 1·800·398·JUNO, ext.C 

Or l'·mail us: firstsource@offer.]uno.<om 


FAX/MODEMS 
US ROBOTICS 
Spor111cr 14.4 dolo/fax lnt/Ex1 .. . $93/$ 110 
Sport1ler Vi 14.4, Y·mai l ln1/EA1 ......... .. .... 5111/$1 31 
Sporlsler 28.8 Win Modem Int ... ... .. . $140 
Spor11ter 28 .8 Int/ Ext.. .... . $185/ 5204 
Spor!1!er 28 .8 V01ce ln!/ht .. . 5116/ $244 
Sport1ter V1 28.8 Int/EAL 5204/ 5123 
nXEL (!SON Fax/ Modem! 
Elite 2864 28.B ext. v.34 upg to isdn .. ........$427 
Elote286.di·s/1iscln 128~bps 2·wire 1eo5edled ...... $541 
PRACTICAL PERIPHERALS 
PC!J.4HC/MT 1J.41n1/ht ... $75/ $91 
PM288HC/MT28 .8!n1/f,1 S169/ 5189 
BOCA 
On-linc Express14 .4 1n1/h!. ... $55 /579 
Boca Modem 14.4 ln1./Ex1 . ... .$79/$99 
MullimediaVoiceM.odcmlnt.... . .... $89 
Office Comm11nico1or V.34 Int . .... 5219 
Sound Expre11ion 14.4 In! .. .. .. $197 
Sound Expression 28.8 lnl ... ..... $291 
WebGlider .460 ISDN Ext ... .... . 5199 
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Since . AutltoritY .~ 1-800-525-0360
'fhe orive 1987 MEGRHAUS 8:00AM • 8:00PM Mon·Fri 9:00AM • 3:00PM Sat CS'T 

CD RECORDERS 

2X CD Recorder •lsY 
4X CD Reader .,a,ati 
•Complete PC Internal with drive, mastering 

software, controller, & 5 disks $949 
•Complete PC External with drive, mastering 

software, controller, & 5 disks $1019 
•Complete Mac External with mastering 

software & 5 disks $999 

4X CD Recorder 
4X CD Reader 
•Complete PC Internal with drive, mastering 

software, controller, & 5 disks $1489 
•Complete PC External with drive, mastering 

software, controller, & 5 disks $1559 
•Complete Mac External with mastering 

software & 5 disks $1539 
Hewlett Packard 2Xr4Xw Complete PC Kit $989 
Smart & Friendly 2XrlXw Complete PC Kit SB95 
Yamaha bare drive 2Xr4Xw $749 4Xr4Xw SI 119 
Call for the best pricing in the industry on recordable CD media! 

CD ROM DRIVES 
SCSI CD ROM (add $90 for external) 
Sanyo 4X 190ms $139 NEC 4X 200ms $129 
Plextor 4.5X130ms $279 NEC 6X 150ms $289 
Plextor 6X 145ms $329 Toshiba 6.7X 120ms $249 
Plextor BX 145ms $325 Toshiba BX 145ms $299 
IDE (ATAPI) CD ROM 
Toshiba 4X 190ms $85 Teac 6X l lOms $155 
Toshiba 6X 170ms $139 Teac BX l lOms $189 
Toshiba BX 145ms $194 NEW! lOX 130ms $289 
CD ROM CHANGERS 
JOE-Internal 
NEC 4X 4Disk $189 
SCSI-External 
Pioneer 4.4X DRM-624X 6 Disk 190ms 256K $319 
Pioneer 4X DRM-1804X BDisk 300ms 612K$1899 
7 Drive CD ROM TOWERS 
Sanyo 4X $1429 NEC 4X $1429 Pioneer 4.4X $1529 
NEC 6X $2599 Toshiba 6.7X $2599 Toshiba BX $3449 
{1-21 Drive towers &other brands availableQ 

REMOVABLES 
OPTICAL DRIVES 
230MB Fujitsu DynaMO Bare $419 
230MB Fujitsu DynaMO PC Ext with 1 disk $439 
230MB Fujitsu DynaMO Mac Ext w/software,cable,&l disk $479 
2.6Gig Maxoptix Int/Ext/Mac Ext $2019/$2119/ $2209 
2.6Gig HP Int/Ext/Mac $2209/ $2309/ $2399 
SYQUEST DRIVES 
EZ 135MB •13.Sms, 3600rpm, 128K buffer, 3 1/2" drive 
Internal IDE with disk I External SCSI with disk $189/$198 
External parallel port with 1 disk $249 
270MB • 13.Sms, 3600rpm, 128K buffer, 3 1/2" drive 
Internal IDE {SQ3270A)/ with 1 disk {S3270AC) $299/$339 
External for parallel port with 1 disk $489 
SCSI drive {SQ3270S)/SCSI external{S3270X) $339/$399 
2DOMB •15.7ms, 3220rpm, 64K buffer, 5 1/ 4" form factor. 
SCSI drive {SQ5200)/SCSI external(SQ5200CX) $339/ $399 
Genuine Syquest Media Qty 2-5/5-9/l 0+ or with drive 
44MB $48/43/40 88MB $53/48/45 105MB $56/54/51 
135MB $27/24/21 200MB$79/74/71 270MB $60/58/55 
IOMEGA DRIVES 

1OOMB ZIP • 3.5" x l" high form factor 
 A d a p t e c 

External SCSI w/ 1 disk $199 contro ller 
Parallel External w/ 1 disk $199 Al 505CDKIT 

1 Gig JAZ • 3.5" x 1" high form factor onl y $49 when 
purchased withInternal SCSI w/ l disk $499 
Zip or Jaz drive.

External SCSI w/ 1 disk $599 

TAPE DRIVES 
Prices include 1 free tape! Save $10 with hard drive! 
1 Gig Seagate $172 BOOMB Colorado $199 
l.7Gig Seagate $229 4.4Gig Seagate $289 

Parallel External for printer port l Gig $269 
SCSI TAPE DRIVES (bare, no tape) 
2Gig HP DAT $699 2-4Gig Seagate DAT $799 
2Gig Seagate DAT $699 4-BGlg Seagate DAT $909 
2-4Gig Seagate QIC $379 4-BGig HP DAT $949 
2-4Gig HP DAT $799 7-14Gig Exabyte Bmm $1889 

For backup media and software - Call us with your needs! 

4.6 GIG OPTICAL 

• 	Largest optical system in the industry. 
• 	Perfed for archival storage. 
• 	Store up to 4.6Gigs on a single removable 

optical disk. 
• 	High performance allows you to use this drive 

as pnmary storage. 
• Top of the line drive mechanism. 
• 	Sustained transfer rate 4.SMB/sec. 
• 	Burst transfer rate up to &MB/sec. 

Compatible with Rewritable, Dired overwrite 
and write once media. 

• 	Compatible with 2.6 or 4.6Gig media. 
• 	Complete with everything you need: 
Controller. software, & 1 FREE disk. 

Internal for PC $1489 
External for PC S1S59 
Mac External S1S39 

(other configurations available) 

SCSI HARD DRIVES 
SCSI Speed RPM Brand Model Wty Price 
850MB 14ms 4500 Quantum TB850S 3 $195 
1050MB 12ms 5400 Quantum FB1080S 3 $259 
1050MB 9ms 5400 Seagate ST31051N 3 $349 
lOBOMB l lms 5400 Seagate ST51080N 3 $239 
1280MB 12ms 5400 Quantum FB1280S 3 $279 
2050MB 8.Sms 7200 Micropolis MC4221 5 $609 
2050MB 8.Sms 7200 Micropolis MC4221AV 5 $685 
2147MB 9ms 5400 Micropolis MC4421 5 $499 
2147MB 9ms 5400 Conner CFP2105S 5 $595 
2147MB 9ms 7200 Conner CFP2107S 5 $645 
2147MB 9ms 5400 Seagate ST32151N 5 $619 
2147MB 9ms 5400 Seagate ST32430N 5 $609 
2147MB Bms 7200 Seagate ST32550N 5 $675 
2150MB Bms 7200 Quantum XP32150 5 $639 
4290MB Bms 7200 Seagate ST15150N 5 $999 
4290MB 9ms 5400 Seagate STl5230N 5 $905 
4294MB 9ms 7200 Conner CFP4207S 4 $935 
4294MB 8.9ms 7200 Micropolis MC3243 5 $929 
4294MB 8.9ms 7200 Micropolis MC3243AV 5 $1015 
4300MB 8.6ms 7200 Quantum XP34300 5 $919 
9091MB 12ms 5400 Micropolis MC1991 5 $1919 
9091MB 12ms 5400 Micropolis MC1991AV 5 $2029 
9080MB l lms 5400 Seagate ST410800N 5 $1969 
WIDE SCSI 
2050MB 8.9ms 7200 Micropolis MC4221W 5 $719 
2050MB 8.9ms 7200 Micropolis MC4221WAV 5 $769 
2147MB ams 7200 Seagate ST32550W 5 $749 
2176MB 8.5ms 7200 Fujitsu M2915W 5 $619 
4294MB 8.9ms 7200 Micropolis MC3243W 5 $1019 
4294MB B.5ms 7200 Micropolis MC3243WAV 5 $1099 
4294MB 8ms 7200 Seagate ST15150W 5 $1099 
9080MB 11ms 5400 Seagate ST410800W 5 $2069 
9100MB 12ms 5400 Micropolis MC1991W 5 $1939 
9100MB 12ms 5400 Micropolis MC1991WAV 5 $2059 

SCSI CONTROLLERS 
Save $10 when you purchase any SCSI controller with any SCSI drive. 
ADAPTEC 
Adaptec kits include controller, cable, and El-SCSI software to support 
hard drives, Oplical, Removable, CD ROM. 
1505 ISA 16Bit SCSI (no hard drive support) $60 
1515 ISA l 6Bit SCSI 
1522 ISA 16Bit SCSI, Floppy 
1530 !SA 16Bit SCSI Win 95pnp 
1542 !SA 16Bit Busmaster SCSI, Floppy 
1640 MicroChannel SCSI 
2742 EISA 32Bit SCSI, Floppy 
2842 Local Bus 32Bit SCSI, Floppy 
2920 PCI 32Bit SCSI (PIO) 
2940 PC! 32Bit SCSI (Bus Master) 
2940UW PC! ULTRA WIDE SCSI 
T35B EPP to SCSI adapter 
T460 PCMCIA type 2, 3, or 4 to SCSI 
A3940 Twin Channel PC! SCSI (14 Drives) 
A3940W Twin Channel PC! WIDESCSI 
A2825KIT VESA Local Bus IDE &SCSI 
Tekram 

$97 
$155 
$165 
$270 
$339 
$379 
$255 
S169 
$239 
$295 
$129 
$189 
$419 
$489 
$155 

All Tekram SCSI controllers include Corel SCSI software to support 
most SCSI devices. 
DC300B, ISA, floppy, Bus Master $163 
DC380B, VESA, floppy Bus Master $175 
DC320E, EISA, Bus Master $2 19 
DC390, PC! $115 
DC390U, PC!, Ultra SCSI $139 
DC390W, PCI, Wide SCSI $185 
DC390F, PC!, Ultra Wide SCSI $209 
We stock RAID controllers for PCs and Macintoshes. call! 

Look for us on the lnternat at http://www.megahaus.com Darrticis~~~\5, ~~~~~~~: ~~i~~~~~rngs1
Call for our new catalo . 	 Circle 154 on In uir Card. 

REMOVABLE DRIVE 

BRACKET 


Converts any 3 1/2" hard drive into a removable 
drive. Great for transportability. data interchange. 
or security needs. Extremely high quality construt­
tion. Metal cartridge and frame, cooling fan, SCSI 
unit has ID seled on the cartridge. Qty discounts 
available. System Extra Cartridge Extra Frame 

IDE $79 $39 $49 
SCSI $SS $40 $54 
WIDE SCSI $129 $64 $75 

IDE HARD DRIVES 
IDE Speed RPM Brand Model Wty 
541MB 14ms 3600 Conner CFS541A 2 
631MB 14ms 3800 Seagate ST3630A 3 
639MB l lms 4500 Western Digital AC2635 3 
850MB lOms 4500 Western Digital AC2850 3 
850MB 14ms 4500 Quantum TB850A 3 
lOBOMB llms 5400 Seagate ST51080A 3 
1080MB 9.Sms 5400 Fujitsu Ml606T 3 
lOBOMB 14ms 3600 Conner CFS1081A 2 
1084MB 14ms 4480 Maxtor M71084A 2 
1090MB llms 4500 Fujitsu Ml614T 3 
1250MB 15ms 3600 Quantum BFl250A 3 
1275MB 14ms 3600 Conner CFS1275A 2 
1280MB 12ms 5400 Quantum FB1280A 3 
1280MB lOms 4500 Western Digital AC3 l 200 3 
1280MB lOms 5200 Western Digital AC2 l 200A 3 
1282MB 10.Sms 5400 Seagate ST51270A 3 
l330MB 12ms 4480 Maxtor M71336A 3 
1620MB 14ms 3600 Conner CFS1621A 3 
1624MB lOms 5200 Western Digital AC3 l 600 3 
l 625MB l 0.5ms 5400 Seagate ST3l 640A 3 
1626MB 12ms 4480 Maxtor M71626AP 3 
1700MB l lms 4500 Quantum SR31700A 3 
2004MB 12ms 4480 Maxtor M72004A 3 
2100MB lOms 5200 Western Digital AC32 l 00 3 
2167MB lOms 5400 Seagate ST32140A 3 
2500MB 15ms 3600 Quantum BF2500A 3 
2500MB 12ms 4480 Maxtor M72504A 3 
2500MB llms 4500 Quantum SR32550A 3 
2559MB llms 5200 Western Digital AC32600 3 

Price 
$179 
$179 
$179 
$195 
$195 
$209 
$209 
$209 
$205 
$195 
$215 
$229 
$229 
$230 
$219 
$229 
$220 
$269 
$269 
$285 
$259 
$255 
$299 
$329 
$309 
$349 
$Call 
$369 
$399 

IDE CONTROLLERS 
Save $5 when you purchase any !DE controller with any IDE drive. 

TE KRAM 
DC200E, !SA, 2 !DE, 2flop, 2 (16550) ser, 1(EPP) par, 1game $40 
DC280E, VESA, 4 IDE, 2flop, 2 (16550) ser, 1(EPP) par, 1 game $55 
DC290S, PC!, 4 IDE, Bus Mastering $39 
DC600CD, 16Bit !SA, 4 !DE, 2 ATAPI, caching, RAID 1 $95 
DC680CD, 32Bit VESA local Bus, 4 IDE, 2 ATAPI,caching, RAID 1 $109 
DC690CD, 32Bit PC! Bus, 4 IDE, 2 ATAPI, caching, RAID I $139 
GSI 
GS! controllers have on board BIOS to allow any size drive ta be 
used in any systemwithout the use of device drivers. 
GS11533-18, !SA, 2 IDE $41 
GSl1533-21, ISA, 2 IDE, 4 floppy $53 
GSl1533-32, !SA, 2 IDE, 4 floppy, 2 ser, 1par $100 
GS11533-4C, !SA, 8 IDE $119 
GSl1645-Vl, VESA extender, requires GSI !SA $74 
GSI VESAcombokit 18&Vl $109 21&Vl $121 
Promise 
EIDEMAX, !SA, 2 IDE $36 
EIDE2300+, VESA, 4 !DE, 2 flop, 2 ser, 1par $59 
EIDE4030+, VESA, 6 !DE, 2 flop, 2ser, 1par, 1 game, caching S143 
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ThinkPad 701CS 
Dx4175, 8/540mb passive 

$call 
Thinkpad 365CD 

6598CXX PC360 Pn50 1M .268 
WIN 95 , 4XCD .. .. ............. $4444 
PC730100/133MHz 16/1.268 

(SCSl/IDE) ........... .. .........$call i !:=:=:!im~!~~~=~iPC750100/133MHz 16/1. 268 1 ;;;;;;;==~Pii 
(SCSlnDE) ..... .. .. ............. $call 

Printers 
HP DESKJET 340 • • • . • •• • . ••• •.•• $295 
HP DESKJET 600/660C .• ••.• • • $289/392 
HP OESKJET 850C/1600C .••..• $495/call 
HP LASERJET 5U5P .. ••. ..... $485/call 
HP LASERJET 4+/4M+ •••• • •• $1340/1845 
HP LASER 4V/4MV.••••.•.•.• $1840/call 
HP SCANJET 4S/4C ••.••.... • . $calf/892 
HP LASER SSl/SSIMX •• •••••.••••• $call 

COMPUTERS 
VECTRA XU SYSTEMS 
XU 6/150 1611GBscsl+CD+Matrox • •• • $stock 
XU 6/150 1612GBscsl+CD+Matrox • . •• $stock 
XU 6/200 16/1GBscsf+CD+Matrox ... • $stock 
XU 61200 1612GBscsl+CD+Matrox •• • • • $5825 

bulH In Network card, Win NT preloaded 

HP NETSERVER 
Natsarver LC P/100 32/1gb+CD... . . ••• $3266 
Natsarver LC P/133 32/1 gb+CD ••••• • .• $3732 
Natserver LH P/133 32mb,no disk, Array •$7491 
Natsarver LH P/133 32mb,no disk, . ••.• $5713 
Natserver LH P/133 64mb,4.2gb, Array •$13454 

HP VECTRA & NETSER ACCESSORIES 
•••••••••••••••• 32/64 MB DIMMS for vectra XU •• ••• • $calf

NOVELL 32164128 MB ECC for Server • • ••• •• $call 
Netware 3.12/4.1 Promotion 2/4gb scsltwlde seal Pluggable Drlves$call 
5/10/25/50/100/250 USERS 

RED or WHITE BOX 

COMPAQ 

Contura Notebook Systems 
Contura 420c DX4/75 8/420MB •• $call 
Contura 430c DX4/100 8/720MB .• $call 

LTE Notebook Systems 
LTE 5100CDT P/90 8/810MB ..• $call 
LTE 5100CDT P/90 8/810MB ... $call 

Compaq Prolinea E 
Prolinea P/75 8/630 ••... $1299 
Prolinea P/100 8/1GB .... $1560 
Prolinea P/120 8/1 GB •••. $1675 

Prolinea E Pentium Pro 
Prolinea 6/150 1620CD ... $3899 
Prolinea 6/180 1620CD .. $41851 
Prolinea Mini Towers Pentium Pro 

Prolinea 6/150ML 2GB+CO+Matrox 30. $31991 
Prolinea 6/166ML 2GB+CO+Matrox 30 . $33991 

Deskpro XL Series 
DP XL 5/133 2GB+Matrox 30 .• • •.•.. $call 
DP XL 61150 2GB+Matrox 30 ••.•••.. $call 
DP XL 6/150 2.1GB+Matrox 30+PO .••• $call 
DP XL 6/200 2.1 GB+Matrox 30+PO ..•. $call 

Compaq Servers 
Prosignia 300 Pentium9D/120Mhz .. . .. . $call 
Prosignia 500 Pentium 120/150Mhz ..... $call 
Prolinat 1500 Pentium 1001120115o/166Mhz •• $call 
Prolinat 4500 Pentium 10011aa1166Mhz • ••• $call 
Prolinat 1500R Pentium 100112011 5D/166Mhz • $call 
Prolinat 4500R Pentium 100/133/166Mhz ••• $call 

Compaq Server Options 
4.3gb scsi/wide scsi ..•........ . .. $call 
Smart SCSI Array .. .. .. . • ... .. ... $call 
32/64 128MB memory modules .. . .... $call 

call for best price 
~ free network card with Purchase over $2500.00 * Authorized Dealer & Service Center 

COMPAQ, IBM, TOSHIBA, HEWLETT PACKARD 

Also carry Toshiba 
Refurbished Models *Call for Price * 

Dx4/75 8mb/540mb Active 

$call 


Thinkpad 760C 

P120 8/1.3gb 12.1" active 


$call 

Thinkpad 760CD 


P/120 8/1.3gb 12.1" active 

$call 


Thinkpad 760L 

P90 8/810mb 10.4" active 


$ call 


Thinkpad 760LD 

P/90 8/810mb 10.4" active 


$ call 


IBMPC330/350/360 & 750 
657637H PC330 P/7516/850M8 
WIN 95 ............ .. .. .. .. .... .$1703 
658659H PC330P/10016/1.268 
WIN 95 ......... .. ..... .. .......$1984 
65865XH PC350P/10016/1. 268 
WIN 95, 4XCD .. ............. ..$2142 
65867XH PC350 P/13316/1 .268 
WIN 95, 4XCD ........... .. ....$2407 
65869XH PC350 P/1 6816/1. 268 
WIN 95, 4XCD ... ............. . $2936 

PC760100/1 33MHz 16/1 .268 
(Scs1noe) ............... .......$call 
IBM PC SERVERS 

PC SERVER 
310 P/100 16/lGB 4XCD $3465 
PC SERVER 
310 P/13316/lGB 4XCD $3888 
PC SERVER 520 P/1 00 32MB 
2X2.25GB CD ............. .$10243 
PC SERVER 520 P/133 32MB 
4X2.25GB CD ..............$12603 
PC SERVER 720 P/100 64MB 
4X2.25GB RAID ...........$26391 
PC SERVER 720 P/100 64MB 
MODEL 1 ........................ call 
Accessories for IBM Systems 
Ac adapter 110/220V for All 
thinkpad models ................. ·call 
Battery pack for all Thinkpad 
Models................................$call 
540mb/810mb/1.3gb Hard diskfor 
Thinkpads ...........................$call 
8/1 6/32mb for Thinkpad SerieS$call 
32/64/128mb Memory for PC 
Servers...... ..... ......... .. ... ......$call 
2.168/4.3gb scsi/W ide scsi plug· 

gable drive .. .... .... .... .......... $call 


C ircle 1 5 5 on Inquiry C ard . 



Circle 156 on Inquiry Card (RESELLERS: 157). 

Horizons Technology, Inc. 3990 Ruffin Rd. San Diego, CA 92123 · 800.828.3808 · 619.292.9439 FAX 
Internet: http://www.horizons.com · European Office: +31.23.5685558 •+3 1.23.5685554 FAX 

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 imagine, and installs in minutes. Compare price, fea­
tures, performance, quality, and support and you'll find Rose 

Come See Us at can't be beat. 

Spring COMDEX, June 3·6, Booth #C771 & PC Expo, June 6-18, Booth #2221 

P.O. Box 742571 +HousroN, TEXAS 77274 Call us to discuss your application ~) ROSE 
TEL 713/933-7673 •FAX 713/933-0044 or to receive your free information kit. ~~ELECTRONICS 

1 90 8 Y TE JUNE 19 9 6 Circle 158 on Inquiry Card (RESELLERS: 159). 

http:http://www.horizons.com


"" 

s4 

IBM PS/1, PS/2 MEMORY MODULES 
IBMPA.llTNO. 
30fSJ60 {2W.tO) 
&:50604.92G1196 (lMt;) 

WOR lSWITH MOOU NO . 
JIH06.25-286..50 LHJiR l! D. 
i'1>-061. f61. 121. SOtSSSX.65SX,P-70. 

PA JCE 
91 .00 
49.00 

* * CALL FOR NOTEBOOK AND LAPTOP BATIERIES * * 

AT& 


CACHE MEMORY 07G 14\5.-1J7Gl J20(JMtg) Tlllnkp;ad750. C. i00. C. 720. C. C1-57SX 14900
,.,4,:11:t•Jt11l!f1 "' 07G1416.1JiGt421 (SMtg) Tt:;r,;.~75-0C.iOO C. 720.CClSiSX 2!900 

12NS 15NS 20HS 25 NS 66G0095 {1 5Ue;.3"£Meg ) ipad i50.C Sl0n0'3 
 "' 

256K (160 pin) Pipt/iaeBurstCddlr MtxJultS.00 66GOOSJ {:~1 Tt--.r. ~755.360. l55. J..:0, : 50 >2'00 
e.oo 700 $39.00 66G0094 (!.'.~J TJ-..m.µ!1755,360 355. 3-10. : 50 24900 '"' "" ·~'-" 32K.<S(JJV) " 00 9.~ 66Gl1D!U f 16Mtg, 31MtgJ T11iaip1d 7S5, 360. J55.J40. ~ ""' ""' 512K(160pln) PlpellneBurslCdche Mortule••1 11.00 900 1.00 8\89098(41.\eg} llunkPJl) 500, 510CS(3.3\'0h) '"' 129 "' .00 

""' 11.00 9.00 800 $69.00 8189099 (RIJ.eg, 16Meg) Thulkpad500.S10CS (3 3 ;'DI!) N914B9 

l5 00(SV) 19.00(3.3'1) i9f0999f2 Meg j l.XJ0. 1133SX.PS Hore 69.00 


7.00 256K(l60pln)AsyncCacheModult 
1nYA ~~ 2i00 2•00 C1Jmp1//~le rtllb l8M Aplin 79f\001{6M!QJ U40. 113lSX.PSNole 219.00

"'3SW 1'00 11.00 900 


1CKx4 800 600 i9f1000{' Me\1 ) lX4G, N3lSX.PSUat~ T~P<ll50. 350c. PS11o:e .: 25 ""' 11 900 

$39.00 !!ldOrll'! (!IO~lJ~ ~750. m.360, 355 719/197
WlorSOJ'ltniCin (:l.lt9f16~) fl'.ri.pidi55[htr:l:IU°"u~ 1::91549 


(4/Ml).'16J.leo wfA&JI Thn:p.id7)5 1!fS..'597 

60GGJ78{BL!eg) T pait350,lSlk, PS !:otr4i5 27900 

EOG0379 (16MeQ) Ttlln1p;ad350.3SOt. PS Uott 425 499.00 


MEMOAYFOR !8M &Al'l't.E 80287-XL 4900 92G7259(~ 1.!fQl TIWlkp.id 701C.CS. Bu11erl1-j 129.00 


~"' &0387·1 6DX 39.00 

Individual D·RAM Chips INTEL Math Chips 
7aNS !OOHS 26900 


UJ.tQ•1 6.~5 rn 
""' "" ff}~~=w~~) ::m~t~ ~~~:~1/.Ci~;! - 49.00 '900 ~ 00 · ~ S0387-20DX 44 00 

111.~ ·: [Z(:ls- n.oo 21.00 (JMeg. &Meg. 16Mtg) TlriNd 760 
'" 

"" ,..,, 60387 -DX (DoesAll) 49.00 ~·4(~DIQ- 725 6-75 W.eW16Ml'9 TtWpad 620 
z.~~(SUnc~ - 8Q..187·SX(DoesAJI) 199.00 ' "~11.\eWl&M~l.eg Th pad R50 193/399171 

i5€=Lo) - ··~ ln :~I SX (Dots All) 49.00 


"' 925 900 8.~ H1rd Drlr1(61DMtgJ 11lintp111760 
m;~ 4! - 1"5 11.95 9~ "'·" 
i: SOJJ - 1900 ROO lnt?l SLMob!I 39.00 

2:h1 I.SS rn rn 
 COMPAQ MEMORY MODULESlnt?11 6S X 29.00H5 "' . ,1 200 lnt?l20SX 29.00 

25h16 SOJ 39.00 ~.00 

"" Oesk~ro 3S6S 1Mt1J Mod~':l.'_eog Mod~lr ..,,,ILowest priuonlnteloverdn\'ech1ps 1 1.!eglloar[!.'J ~~Bo.lrd

39.0025&16SOJ EOO - """ 
Deskp ro33625E/20f 1 Mtg l.1 od~"Jl.!eg Module 791129 

11.leQBoar~I JMegBo.lrd 991201 
Deskpro3S6125. 20 1Me1} Module..'41.1eg r.todule 791129 

2Sb:16 Vidtolio- 4900 3900 

CYRIX DRx2 386 to 486 Upgrade ,.,,,,,,,Oesk~roSrs1emPro35613J. J5&25. J S6150l 2/&32Meg 91fl.WSS4 

0estp10-t~l. 4.'lJJ. 4'151S. 3??3! 3."'2S! t, : -t1.!f9
Clock Doubler Qnk~IO "J,t" $tnr:s b~15:0'! Swd ~o( 119 

~o450.$. 4 100.57559J.51al. 5133 -t:s.16.'Jt:~!tq 10i'19>"?99.Wl


CX486 DRx2-25/SD ••..... 199.00 CX4850RJ:2-33166 ....•199.00 CX480SRX225JS0 _____ 189.00 ..,,,.,,,£ksllp10XE 4335, 4 50. ~56 2i~.?l.le1J 
Orsk$lroXE561J 8116.'!2.'&-l.t2e \~ 17813-l2i1iW139M:in 
OeskproXL450. 466. XLS60, .<566.Xt575.5100ll590 -t'Si1151.l2/64/.lf9 109/209139'1699/1 300 
P1es.ulo433. COS520. CDJVS20. CDL524, CDSS25.COTVS28 418/16f.12Mtg 8!1117113J.11699

SIMM MODULES (Add $5.00 for SIPP) 
660. CDS660.cos120. cosm. cosm. cosa60 


256x 9 1000 9.00 8.00 

40 NS SONS 6DNS 70NS 80NS 1DDNS 

COS920.COTV920. 924 COS924. COS95l 
l'resano 400Stnes.&00Ser1!5..ll00Senn 2'~fll2Mtg35.00 32.00 30.00 Pres.uioCOSm CDS9n.CDS982. CDTV918.CDS97l r11iwn) 4.1!11151.l2IJ.f9 


4M~11x 9 12Hl0 11 9.00 105.00 

l~~ ~ !~ ~~J ~ -00 32.00 23.00 22.00 COS992.7152.7170.71&0. 95Jii.95l8, !156-' 

Pr~.wss•.:m.WS.4 '50. 4~. cos 112.1~ 5'iti~09l209

16Meox9 t9chip) 459.00 ?raliluUT.tiJJS.-Vj(), oWi,Erlll!all 4'33S. 41~.4!50."6 W1&321.!e<;l 109r'20M-t3.ti99 


Pro!inr1 4 50, 466. 4100.57S.~. 5120, 57 5. 590. 5120 41S/1151.l2Mtg 1~91ti99 

575 mQ.5100minl, 51 33minl 

Prclb~t 1S005115.51100. 1500R5/75, 51 QoJ (insWlln pairs) -ll!/1151.l2Mtg 8~171/3W699 
. 8!111 71/3341699 

72 PIN SIMMS (EISA), EOO DIMMS (168 pin, 64 bit) 
60NS 70NS 8'NS Id;< 4M eo 119.00 ~=~~~~~.. ~s:~- 500~12Q ~Z:~t.i~~~;i 171/JJAJ6W1:!9&1290039.00 39.00 39.00 lx &$ BMeo 169.0074.00 69.00 '900 PrGbnt200J4~.S.'ti6.S.-W. 2000RS.M.~9l(ilsUlinpus)at16132M/12S 171133J.~:?Sa/2900 

114.00 109.00 ID900 2x 64 16Meg 287.00 4QCXl 4!&SO. S.'\i6.S.W.5.1100. 4000RS.fi6, S.9J.Sl100 
219.00 2U.00 21300 4 x64 32Meg 569.00 l50051ltl0, 4500RS.'100 
449.00 419.00 41 900 64Meg 1324.00 
929.00 909 00 90900 16'64 12aMe111969.00 1949.00 

h 64 
cau COMPAQ LAPTOPS & NOTEBOOKS 

89.00 86.00 86.00 

1S4.00 177.00 177.00 Carr.p111l1f 5DOOH1rd Drfn llDMl~, l.3Gig 1991179
SO DIMMS (12 pin)3-14.00 334 00 334.00 £Jltt54DD. 5lfJD 6Mlr;fl6M1f/12M1115'Mt~ 21 gµ /91l6t/151S 

l1'13""20 41.!tQ Moc!tile 1 2112~ 149.0071 9.00 699.00 09900 
99.00 97.00 97.00 4M~ .. ......139.00 12976!t-002l TEUTEml. 25. 2SC 4Y.tQ l.\odl2 14 9.001.. 00 159.00 

41 9.00 409.00 409.00 SMeo. ......289.00 lTE UTh'20. 25, 25C ! IJ eQ Modul! 12976;..(XIJ 2fi9.00 
909.00 8!*1.00 8~.00 16Meo . ...549.00 liELITEml, 2~.25C 1&1Ael) Moc!ul! 129764-00-l 589.00 


LTEUTE USCl33C/'2SE/25t 4Mtg /A oc!u!!! 142337-012 134.00 

lTEUTE425Cl33C/25f.125l !M19 /l.OO-.i!e 1423l7-ooJ 250.00
CYRIX FASMATH PROCESSOR LTEUTE4 2:SCl33C/'2SEn5l 161.\egr.todt.~ \42337-rot .t60.00 LASER PRINTER MEMORY UPGRADES 
5LT/Ja6 4Uf9Mod!ll!! 1\a30S-001 129.00 
Conano.LTEE!U 41.\eg \ ~479G-001 1"9.00 1 3 3.5 I,,.. •144796-002 21900 ' " " 

15M!!g 14•790-003 569.00 " 39 ,; 
Co~tura 32 0, 325 ~Meg 139-1~1 129.00 

1394~1 229.00 "' 
"'" ,; 

" 
Ccntura-WD. 410. 420. 430 W eQ.'81Jf0!1 '"6M" eg 139/225.1399 "' '" "' "' 70 199AST MEMORY Contura4125. .v25C. 4125CX 146520-001 119.00 "' '" 7, IT3 - 14652HXl1 229.00 " " "'
'"" 
 14Mll-OJ1 524.00 "' 
171 "' Atrol/25, 4.'33 """ 19(632-001 109.00 " " 79 "' 

190Wt'·OCl1 229.00 "'" "'"'" " 59 '" 79 

59
HARD DISK DRIVES "' 199 

"' 109 199 

650MB CFS!SGA sm 1.0GIG 7!YJAY S219 '501.13 AC2SSO $118 " "' ,,;COMNffi l.l.7XTOR ~STERN OIGITIJ.. 59 

1.2GIG Cf5127'..A (.&0 !lG!G 71260AV 242 1.2 GIG AC31200 2~ 0 " "' ,.;109 171 
109

1.6GtG - 2S7 l.6GIG - 2:5 ! 6GlG AC31600 307 ,; " 
1060SCSt 219 " "" "' 109
2. I SCSI 629 379 " '" "'" 119PCMCIA VERSION 2.0 

1~9 

MOD EL PRICE MODEL PRICE " '" "' ICon1CJ l P·311 D. J115 119 189 '39 


S·RAM CMC:s t MEG 511 9 PortahleCDROM(b:J &tan! $289 
 Lwnark 1Jeojlfy'C. 4>.4SX C.I 

lWNlt, Optnl LlX.R. RX 171 ,,;
"' '"' S-RAM Cards 2MEG 199 59 109 


28.8/14.4 0a:a!FaxModem 
 !;~~~" m " '" 400, 600 59 

14,400/14.400 0.:i:a!Fax !.lodem 


·"' " 109Mullm..-ifiaCombo, SoundlSCSI 499 ""' l )'llrll1260 t.t gHard0mt 419 79Readwnm Card (l SASlot) "" 79 
~I OEX " 109 189LanEthemet{Coax).(IOBasa T) "' ~~~Ot!~:r:~1~11 2U~tr~~" "' FlASH RAM (ATA) 4M;g.-169 8MN'8iiWHif~ey-399 20Meg &40M~All 139 " "' .. ,; 

169 

"' 
"' "' 

CUSTOMER SERVICE & TECHNICAL: OPEN M-F, 9-4 PST h cucn/t'410/UJIJ ".. Pwsonk 4450 
Parwonic 440l'.lh400All pro<ilds brnl new & gu;wantttd •We buy eia:e:ss inYentay 11 9 
P1MS(lnlc 4.U0, 5"110. 6500 79 " Trademarks are registered with their respective companies. •9600. 9700 E 

9700. H 
.. " "' 

w -=""lllil 
259 " "'LAPTOP, NOTEBOOK 2.5" HARD DRIVE " :t~. ?!oEOO )~ "2.s- 10E Internal Hard Orivt - Most Notem ks Supported " '" "'810MEG 12..Smm S499 1.JMEG 190mm S799 " '" 

H.P. COMPATIBLE FOl'IT CARTRIDGE 

Prices & Availability
Subject to Change Mon-Fri, 8:00 a.m. to 5:00 p.m. PST 

Without Holice Sat. 10:00 a.m. to 12.:00 noon 

DEC, Sun, Zenith, Acer, NEC and Epson 
We also sell Memory for: Dell, Gateway, HP, 

22825 Lockness Avenue • Torrance, CA 90501 

SECURITY WILL CALL310-539-0019 ESTAB.CALL WINDOW 1-800-433-3716

FAX: 310-539-5844 NOW OPEN 

TOLL FREE (US and Canada) 1985 

* LIMITED QUANTITIES * 
Thinkpad 750, 720, 700, 4Meg .......... ........$ 99" 

leas Meridian Notebook, 16Meg .... ........ .. ...379" 

HP 5000/Twinhead Slimnole 8 Series, 16Meg .419" 

Winbook, 8Meg .......... .. ....... ........... .. .......89" 

Compaq LTE LITE, 4Meg ...... ......... ....... ......89" 

HP 5L, 4Meg .... .. ... ... ... ..... ...... ........ ....... .89" 

256 x3-80, 30 Pin ... .... ... ..... .. ..... ........ ..... ..5" 

256 x 3-70, 30 Pin ..... ............... ..... ... .... ... ..6" 

1 x3-70 ..... ............ ............ .. ...... .... ..... ..19" 

512 x36-80, 2Meg, 72 Pin ...... ....... ........... ..30" 

IBM 6450603, 1Meg ... ........... ....... ...... ... ...19" 

IBM 6450604, 2Meg ....... .. .... ... .................29" 

NEC Versa, 32Meg ........ ........ .. .... ......... ...519® 


PrtmmraLXPit.O. MX4 /6&d, 4'1 00 T, P/60 

Ambn Pentium-«I 
AmlllaNC 425Sl 
Ambt1 NS rrl11 
Ambu SflSffies 
AmbraSpfin!IS lCI! 
Amb11N·75, IHOO 

PR<E 
89.00 

17800 
33<.00 
"8.00 
178.00 
358.00 
699.00 

"" 218.00 
369.00 
718.00 
ms.oo 
198.00 

98.00 

SS!.S.65lS.X-S!Jtlon 1?0 &1JiJ, 35SX.lSLS,AOSX 
~W608 (2l.ltgl iO-A21.A·61. 6·21. B-61,35SX.35tS. 40SX.Y.llPt32Si '900 

Compaq, IBM, Toshiba, Epson, AST, Tl and More!! 
78X89S S(1281C 15 3500 
3-lF2933(4r.ttQ :;ssx_ .; osx.mx.~SSX..55LS. 65tS 10900 
87F9977/9'2G7199(.tMeg) SSSX.55lS. 65SX. 40SX.3SSX.;stS >0900 TOSHIBA LAPTOP MEMORY 
92f9'il5 (21.le;J P/Sl !P/S113!5SX·2121 '9.00 

MAHU . PARTI PRIC E 
92G7200(4t.'!QJ PSIE..:-..en.Cons~t\'f"°"• 10900 
92f96S-:(41-~) P/Sl&PIS11l$Sl.!Jodd-2121 11900 

PC·?A2000U 69.'13'i1279 
129125!1.''4!11749'Mt11/SMrJZ116111g,'32M1g PC JDO Stri11 1MSM19.54f 

'Mtg/BMtg!J6Mt¢2Mtg PClDOSrrit1 PC·PA2004U 16'.00 
JM tWBMt g/J6Mt¢2M1g PCPc•mSt r/11 7!1154'Jfi$ff 

7i'f5Mli $ff 
PC-PA2005U 279.00 

4Mtl/4Mt(l/16Mtg/J2Mtg PC StrwJD0. 315. 5111 PC·PA2010U 599.007l/15.W li 5'f 
IMtg!J6MtlJJ1Nt g (Etc} PC Strm 5110 ~l/JClll!t.11 Pc-PA2012U 129.00 
!12G7539 {4Meg) J.ptm310.3JO.lSO.S10. SlU. i10 i30. Ptnbu"1 79.00 PC·PA21l 13U 23900 
!J2Gi541 (8M!g) A,:ltr."J3 1 0.3l0350. S10.~. ii0. 730.Pen1rJm 15300 PC-PA2014U "'69.00 
92Gi54l{16Me0) ~.'ll310. 3JO.:»O. SIO. S30.i10,7JO. Ptnwm moo 109,'319 
92G7545!32Me;) .:.;i~-nJ10.3JO 350. 5tD.SJ0.710.no. Per.1tu1:1 "900 PC·PA201 9U 12s.'2~ 9,i519 
73G3\J l/9'2G7201{4l.leog ) 'h.~ POllll Ptt1om-.vu. PC Sff.~ .t1i6 70900 PC15-PABJOSIJ ~.00 

Y11utPcinlPtt1on11.1nct,PC$i!r.."!r 4J66 20900 PC1S-PA8J10U 1~9.00
~m~~f~~~, 3"00 l1Mi1 0/1207 
9'2G7205(32~) Yllue Poinl Ptr!OrTNra. PC Str."!r t'56 "900 

Y1.•..e Pcin!Ptl1orrr.ince. PCSu.~ 4'66 
36&1732/1464 
311tfllV/2016-150m (W.t9J 56.57, 57SX.'1.19S.P·75,5iSLC 69.00 

Y~.!!!Pa.n!774$0K2, 4 86SX,S'fil85 
6-15012&192G7200 (4Mfv) SiSX.90,95.P-i5.57StC.56. 5"'-SlC. P/Sl.356SX. 99.00 NOTEBOOK, LAPTOP MEMORYl.!00·21 23.21l3.21~. YilPt77. 4C6CS2. 4 66SX.SVilS5 

Vi.'lltPo!ll17i4!EOX2. 466SX.SVRa5 MODEl MANU . PA.llT f 
S-1so1 2!lmG1~2s1aMtgJ mx. .:osx 199.00 
645013Q/92G7202 ! ~J.l.tgl 56. 57. S7SX.'1.1. 95. P-i5, 57SlC ~l~m:~W.1~1il~n~ m. 

YllutPoi!U774560X2. 4865X.M65 
6-15115&'92G720! (41.!egttt) 4CO. S-SXP:!r..A (l'ISUl111 pin) U900 

'""' ACER Nclr Pro, ACfR Na/~ UU 

&1 51 159(5MtQtCC) 4!6. S5XP:~ (mU11r1 ~) 21900 ;.sr .:.sce · AAM TS38 

51G~(l~K:c) *9SO?T "9.00 
JMeg.1~E!.~ZMeg ?CJOOPenwm 109/'lil6'~1 09S ASTBq "'"" ASl Nott 

AST Powe 
:..STPcweIBM NOTEBOOK & LAPTOP MEMORY 

Circle 14 7 on Inquiry Card (RESELLERS : 148). 

http:S7SX.'1.1.95
http:23.21l3.21
http:Ptt1om-.vu
http:5tD.SJ0.710.no
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http:PSIE..:-..en
http:P1MS(lnlc4.U0
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http:10i'19>"?99.Wl
http:Deskpro3S6125.20
http:11.\eWl&M~l.eg
http:Z(:ls-n.oo
http:TIWlkp.id
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http:1133SX.PS


••>@lf3t·· 
MICROSOFT. 
WINDOWS NT 

•••until 
~ 

now 
announcing 

OPENNl for ]WINDOW~Nl 
Softway Systems, Inc. 


185 Berry Street, Suite 5514, Son Francisco, CA, USA, 94107 

Tel: 415-896-0708 •Toll Free: 800-438-8649 • Fox: 415-896-0709 

Email: soles@softwoy.com •WWW: http://www.softwoy.com/ OpenNT 


OPENNT, from Softway Systems, is the first 
product to provide true POSIX.1 and POSIX. 2 
conformance for the Microsoft Windows NT operating 
system. By providing an enhanced POSIX.1 sub-system 
and a complete set of POSIX. 2 utilities and shell, NT users 
are finally given a 100%POSIX conforming environment. The 
same POSIX environment that most UNIX systems use but \vithout 
sacrificing your investment in Windows NT. The same POSIX 
environment required by the U.S. Government for all operating 
system purchases as specified by FIPS 151-2 & FIPS 189. 
Conformance means file links, case sensitive file names, user and 
group ownership, background processing mid more. Add to this a 
real POSIX shell and all your favorite UNIX utilities (like.find, grep, 
awk, sed, ls) and you end up with an environment so close to UNIX 
that you won't know it isn 't UNIX! 

OrENNT is available today. OrENNT Commands and Utilities 
is only tl.22 - ~md we include free updates for a year. 

Our 30-day money back guarantee and free technical 
support makes this a no risk opporn111ity to give your 
Windows NT system the POSIX punch it needs! 

Orrn HT is a trodemork of Softwoy Systems, Inc. This product includes software developed by the University of Colilornio, Berkeley ond its contributors. All other registered trodemorks ond trodemorks ore the property of !heir respective owners. 

http:http://www.softwoy.com
mailto:soles@softwoy.com


Up to 4 Users can Access 

Multiple PC, Macintosh and 


Sun Computers from a 

Central Location! 


• Multiuser 
Up to 4 users have simultaneous access to any 

attached computer! 


• Multiplatform 
Supports any combination of PC, Macintosh and Sun 
computers; use any platform's peripherals to access 
any type of computer in the system. 

• Multimedia 
Every user has full multimedia 
capabilities; supports keyboard, 
mouse, video, speakers,
microphone and ____ 
serial port. '··o 

~ 

COME SEE US AT 

PC Expo in New York, June 18-20 at Booth #4934 


Networks UK in Birmingham, UK, June 25-27 at Booth #E82 


COMMANDER•'· 
Cybex Computer Products Corporation 
4912 Research Drive • Huntsville, AL 35805 USA 
1-800-932-9239 • FAX (205) 430-4030 .I

COmpooyhttp://www.cybex.com 

PC is a registered trademark of International Business Machines Corp. Macintosh is a registered trademark of Apple Computer, Inc. Sun is a 
trademark of Sun Microsystems. The Inc. 500 logo is a registered trademark of Goldhirsch Group. Cybex, Commander, AutoBoot and 4xP are 
trademarks of Cybex Computer Products Corporation. 

Dealer Program Available Made in USACircle 151 on Inquiry Card (RESELLERS: 152). 

http:http://www.cybex.com




........ SVGA 


.., •.•260 SVGA 256K ISA .. ...... .....$38 

.......... 188 SVGAStZI< 102<4X7681SA--... 50 

... ...... 330 SVGA 1M8102:4 X 768 ISA - ••..•.. 88 


CPU'S CACHE MEMORY 
INTEL I4800Jr.Z-&6 451PBmUM 133 311538&DX-33 $35 4811QX4.75 05 PENTIUM 15U 4Q5 Bll-15 $5.0D I32X8·25 7.80 
•sesx-zs 35 4samu,-100 1os ~L1&e ees llJB.20 4.50 64K1-15 15.DO 
4118SX-3J 35 PEHTIUM 75 125 38aOX2-ll& 3V $45 8XB·25 4~0 128Xa.20 25.DD supra
UODX-25 75 PENTIUM 90 235 48BDM· 100 85 ~E!qH8S.S 14.<ll~iiL .. .~ ... $7432XB-151D DD 128X8·25 30.00 
480DX-33 45 PENTIUM 100 245 ~-120 75 S~'t>1'1 flCFeS.S 14. 4E.t!enul ....... _ •..,_ .•••.94 
UllDXZ-50 45 PEHITUM 120 295 4880Jl4.133 85 32X8-20 8.00 12818·15 35.00 s uoraE.¢>fes:;28.Blntem.U ••.•.••.. . _ ••• _ .• • 142 

SupraE:.<pta~s 288E...1unf11 .. ... . •. 169 

§J!!IPRACT/CAJ.
fl/IPERIPHERALS. 

14.4Fax/Modefnmtemal ... ___________ ..S75 
1 44 f~Eo1emal ......... ... ____ .. 100 
28.8 V.34 f ale./f,!odem l:llomoll •••.-...~ ....199 
28.8 V.34 FWMO<l~m E..<ternal .,., ..•• 215 

http:128Xa.20
http:4811QX4.75


Bar CodingAdd-In Boards 

RISC-BASED MULTIPORT CARDS 

>- Faster than 16550 
multipart cards 

>- 115 Kbps 
>- ISA and PCI available 
>- One IRQ per board 
>- Full modem supported 

>- 4-32 ports per board 

CALL 1- 800 - 88 - CYCLADES 
or sales@cydades.com 

Circle 1 67 on Inquiry Card. 

*Call for Detail s 

Cyclades Corporation• Fremont, CA 94538 
Tel: 510.770.9727 FAX: 510.770.0355 hllp://www. cyclodes.com 

./'.. Sunnyval e, CA 94089 Elmllurst, NY 11 373 

~ c:::::J ::><./'.. Tel : 408-734-2224 Tel: 718-672-7354 

./'.. MOXATECH USA, INC. Fax: 408-734-4442 
 Fax:718-565-9273 

E·Mail: in lo@moxa.com WWW: ht11i://www.moxa.com 

524 Wedde ll Drive, Suite 1 54-08 83 Stree l 

Circle 168 on Inquiry Card. 

Add Four Comm Ports 

To Your Laptop 


With One Small Card 
An expanding new world of communication for laptop and portable 
computing can be found through a new and innova ti ve PC-card from 
Quatech. The QSP-100 has four RS -232 asynchronous communiciation 
channels accessed via four separate D-9 connectors. 

Ideal for multi-tasking environments, the QSP-100 is powered by 16550 
UARTs allow ing for a maximum baud rate of I 20K. In order to minimize 
resources whi le communicating to multiple devices the QSP- 100 requires 
only one hardware interrupt. For information on thi s card and other 
innovative PC-card products please call 800/553-1170 for a free catalog. 

gmuATECH 

Circle 165 on Inquiry Card (R ESELLERS: 166). 
196 BYTE JUNE 1996 

Factory Data Collection 


The TransTerm 5 is awork station data entry/display terminal for 
on-line shop floor data collection into PC/AT/PS-2 systems. The 
unit is one of a family of such terminals which feature LC dis­
plays for operator prompting and data entry via sealed touch 
keys or an optional barcode scanner or badge reader 
(Code39,UPC+). A multi-terminal network controller (up to 250 
stations) and a dBASE IV compatible software package are also 
available. System costs start below $300 per station. Options 
include display backlighting, barcode scanning, counter inputs, 
control output. 

COMPUTERWISE; 

302 N. Winchester• Olathe, KS 66062 

913-829-0600 • 800-255-3739 • FAX 913-829-0810 

Circle 169 on Inquiry Card. 

Yidex mmiufac tures portable, Cast-metal cases protect the 

durable, and programmable data products and allow them to 

collectors for applications such as: work reliably in harsh 

• inventory • warehousing environments. Each is 
• security • asset tracking designed to fit in the palm 
• fie ld inspections of your hand. 

and virtually any application 

requiring data collect ion at the 
 --=-=-~4' 
work site. .!Liiii"' n.a1i1 


Call for a free information _--"'1111" ­
~ ·~l' ·!!!!"I 

kit today! ~ 
See us at COMDEX, booth #2132 
1105 N.E. Circle Blvd., Corvallis, OR 97330 
541-758-0521 • Fax 541-752-5285 
http://www.videx.com 

Vidl'X, TimcW;111d, DurilWand, Tou chProbc , and Orm1iWand .11c r ~i~tl'.'rL'(l lr,1dc111;nks of Vidcx, Jnc . GC0582 

Circle 170 on Inquiry Card. 

http:http://www.videx.com
http:ht11i://www.moxa.com
mailto:inlo@moxa.com
mailto:sales@cydades.com


Communications/Networking Communications/Networking 

Circle 171 on Inquiry Card. 

'"~~\_:~ _. . 
Ll1tod Price Applles to CSA/UL model 

USA/Canada: 800-265-1844 (ext. 231) 
France Office: 0-590-366 1 / UK Office: 0-800-96-7710 
Fax: {5 19) 455-9425 / lnlernet E-Mail: startech.computer@onlinesys.com 

StarTech 
COMPVTER PRO DUCTS 

USA • (;nlold.l • UK • France 
N~!herlJodS • Hong Kong 

http://www.startechcomp.com 

European/International OlslribuUon 
use Fax or Internet 

or Call: (519) 455-9675 (ext. 231) 

Visa/Mastercard/American Express 

Circle 1 78 on Inquiry Card. 

CONTROL 

ALL YOUR SERVERS 

FROM ONE KEYBOARD, MONITOR AND MOUSE 

MasterConsole® 
Rock solid, reliable control 

• 2 - 64 computers • Add Mac & Sun 
• Any mix of PCs; • Keyboard/mouse emu lation 

PS/2 & serial mouse • AUTOSCANTM 

CJ 
• Front panel & 

keyboard selection 
• Remote access to I 50' 

2 _-Ji-*' 
Desktop or rack mount 

See us al COMDEX/Spring, Chicago, June 3-6, 
lloorh \V3760 mid 
PC Expo, }1111e 18-201 New York, Booth 5006 

CALL TODAY! 800-RCl-8090 X 71 n_® 
RCI OFFICES AND DISTRIBUTORS LOCATED WORLDWIDE 

DEALERINQUIRIES WELCOME M
RCI Europe (31)·10·458·6673 RCI Taiwan (886) 2·218-1117 

fax (31)·10·451-9610 fax (886)·2-218-1221 RCI 
Raritan Computer, Inc. 908.874.4072 fax 908.874.5274 

10-1 Ilene Court, Belle Mead, NJ 08502 • sales@rari tan.com • http://www. raritan.com 

30 DAY \!ONEY-BACK GUARA:\TEE FULL I-YEAR \\/\RRA:\TY 

Circle 176 on Inquiry Card (RESELLERS: 177). 

Apparently Not. 
Are you a Computer Telephony Developer? 
Then gel the Visual Telephony Developer's Kir 
fromRhetorex . It contains everything you 
need to start developing Computer Telephony 
applications such as voice mail, telephone 
database access and LAN-based messaging. 
With hooks to plug telephony intoyour appli­
cations using powerful visual languages like 
Visual Basic and Visual C++, the Visual 
Telephony Developer's Kit makes Computer 
Telephony application development fas ter and 
easier than ever. And here's a feature you'll 
come to appreciate: scalability. Any Rhelorex 
application youdevelop for Windows '95 runs 
in larger, client/server Windows NT environ­
ments, automatically. 

As a bonus, the Visual Telephony 
Developer's Kil includes sampleversions of red 
hot Windows '95 telephony development tools 
and applications from our Team Rhetorex part­
ners. 

As with all Rhetorex products, the Visual 
Telephony Developer's Kit includes the best 
technical support in the business. Technical 
support that 's fast, efficient, and free. So give 
us a call at (408) 370-088 1. Hook up with the 
Rhetorex Visual Telephony Developer's Kit 
And get your applications talking, today. 

-~ w 
Computer Telephm1y Stam Here'" 

Rheiorex. Incorporated, an Ocie\ company 
151 Albright \1'3y • Los Gatos. CA 95030 

Tel: 408.370.0881 • Fax:408.370.1171• http: l/www.rhctorex.com 
All u:kl<m:irk> i&.nuforJ hyd.., "' .•)'mt.:~ mrc mkl<nw\. ofMhctlll••. lnc. AUUl.00 
1r.w.lon1>1 ~ • l>cl.,ng mrl><" r••pc<lho o,.·1Wr•. 0 19% MIYl0tt• . I n<: . All 1ip.u.ro..rwJ 

Circle 172 on Inquiry Card. 

LET YOUR COMPUTER DO THE TALKING! 
Integrated I Automated Attendant 

Voice/Fax Mail 
integrat<...--s major voice/ fax applications plus I Unlimited Audiotex 
program control into one full-featured Wgh 
performance softwar e. PC-AT/ 386/ 486 based. I Voice Mail 
Menu d riven. Easy to use. Full support for I Talking Yellow pagesRhctorcx, New Voice, Dialogic, Bicom, Pika, 111 
and Inte l voice and fax hardware. Supports up I Telemarketingto 32 voice lines and up to 8 fax lines. 


Jlardwarc +Softwarc Kits $595 I Fax Mail 

2 voke lines kit start!'! at 

Fax-on-Demand lines: 818-368-4566 or I Fax-on-Demand 
818-368-8848 I Fax Broadcasting

SigmaTech Software 
I Date/Party lines Tel: (818) 368-6132 Fax: (818) 368-7859 

1080 1 Bismarck A1·e., Nonhridge. CA 91326 USA I Int'! Call Back
(lksdlers/Dealers/ OEMs/ Priva1e labels are welcome) 

Circle 174 on Inquiry Card (RESELLERS : 175). 

Circle 173 on Inquiry Card. 
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Computer Systems 

Industrial Rachmount Computers 
• l9" Rackmounl chassis 

(3- 20 slots) 
• All-in-one 80486 to PENTI UM 

CPU cards 
• 3-20 slot lSNPCI Backplanes 
• 200-350W, 85- 265 VAC Power 

l ow Profile 3.5" Rack chass is Supplies, 48YDC, 24YDC, 
PCl/ISA Backplane 12 VDC Version Available 

• NEMA 4/12 Industrial Workstations 
• Panel Display PCs 

Western Region: 1-800-983-1177 ACI 
Eas tern Region: 1-800-886-224 3 SYSTEMS 

Circle 189 on Inquiry Card (RESELLERS: 190) . 

http://www.appro.com 
2032 Bering Dr. •San Jose, CA 95131 E-Mail : appro@appro.com 

Circle 184 on Inquiry Card (RESELLE RS : 185). 

PC Enclosures 
from $300 

Monitor : 
10" Super VGA 
Color from $650 

Keyboards: 
Drawer, Shelf & 
Panel from $85 

• 	Excellent Air Flow & Cooling 
Accepts Most /SA, EISA, VESA, PC/ Motherboards & Passive Backplanes 

• 	Rack & Desk Models • Up to 20 Slots • Rugged, Modular Construction 
200, 300 & 400 Watt Supplies, UL, CSA, TUV Made in U.S.A. 

Call or write INTEGRAND
for descriptive RESEARCH CORP 

brochures,prices 

or appl/cations 8620 Roosevelt Ave. • Visalia, CA 93291 


assistance: 
 209/651-1203 FAX 209/651-1353 
PC ru IBM • Pentium• Is a regislered trademarlc of Intel Corp. 
Drives and computer boards not included. 

Circle 179 on Inquiry Card . 
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Computer Systems 

Run DOS applications 
in ROM on portable 
systems. Complete 
with CPU, LCD, 
memory, peripherals, 
keypad, supply, 
support. $299* up. 

CPU CARDS 
With Rom, Ram, Flash, Pcmcia 
KS-7 All in one 486 SLC - $299* 
VGA, Ethernet, 4 Sri, 2 Par, Ide, Flop, 
Keybd, sound, SM Ram/Flash. 

KS-8 Portable Elan 386 - $399* 

SM mem, 3 Sri , 2 Par, CGA, batt. op. 


KS-1 low Cost Nee V40 - $129* 
3 Sri , 2 Par, 10 bit ND, Modem. 
*q 100, ocm version sec fine prinl for details 

800-505-6749 · Fax 303-786-9983 

KILA 

Circle 180 on Inquiry Card. 
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Request our free 
Product Catalog 

• COMPUTERS 

• ENCLOSURES 

• KEYBOARDS 

• MONITORS 

• PRINTERS 

• 	 CUSTOM DESIGNS 
CA LL TOLL FREE 

1-888-RECORTEC 
Tel: 1-408-734-1290 

Fax: 1-408-734-2140 


e-mail: info@recortec.com 

http://www.recortec.com 


RECORTEC 
1290 Lawrence Station Road 

Sunnyvale, CA 94089 

Circle 183 on Inquiry Card. 

A large variety of 
SBCs in stock 

for fast delivery 

• 486 AND PENTIUM CPUs 

• UP TO 200MHZ SPEEDS 

• PC/ SCSI INTERFACE 

• E-IDE INTERFACE 

• SVGA VIDEO OUTPUT 

• DUAL SERIAL PORTS 

• /SA & PC/ BACKPLANES 
CALL TOLL FREE 

1-888-RECORTEC 
Tel: 1-408-734-1290 
Fax: 1-408-734-2140 

e-mail : info@recortec.com 
http://www.recortec.com 

RECORTEC 
1290 Lawrence Station Road 

Sunnyvale, CA 94089 

Circle 182 on Inqui ry Card. 
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Computer Systems • Data Acquisition Data Acquisition 

Circle 1 BB on Inquiry Card . 

19" VIC-9900 Rackmount Industrial PC Chassis 
>BUILT-IN IO"COLOR SVGA 

SONY TRIUITRON MOHITOR 

> ACCEPT l~OST BASYAT· SI ZE 

8SLOTS MOThEi!SOi\RD AND 

PASSIVEBAC¥.Fl.AllE 

~ 1Xi25'". IX3.5" 0PE!IDRIVE 

SLOTS 1110 IXl. S" HOO SLOT 
> 5EPA.RU£MAINPOWERA/i0 

MONITOR SWITCH 

> 200. JOO Wm PS/2 STYU 
FO\li'Ei! SUPPLY 

> AHllJ.BlEINCHASSISFOWATOR 

··ff'MARKEDPWilU);ISYSTW 

> OFTIO~IAL 85-KH MEMBRANE 

KH?AO 
11606 E. WASHillGTOll BLVD. SU IT E F , WHIITIER. CAUFOR rllA90606, U. S.A. 

> OPTIONAL TOUCH SCREW 
TEL: 13101908-6814 • FAX: 13101908-6819 

Circle 1 B6 on Inquiry Card (RESELLERS : 1 B7). 

U.S.A. Made Rackmount Solutions from THE 

Over 40 models, sized from lU through 6U, 17'' to 
24" deep, plus rackmount switches, monitors up 
to 20", & keyboards with or without trackballs. 

Q1Y. PRICING FROM $138. 
• S lo 2ll slot segmented or unsegmented 
passive backplanes w/ or w/o PCI slots. 

• Complete line of 486 & Pentium slot 
boards & motherboards up to 200 MHz, 
including Intel's full line. 

A.C.OR 48V 
HOT SWAPS 
UPTOSOOW 

4569-A Las Positas Road, Livermore, CA 94550 

:;::l 
Ill 

" "" 8 
0 
i:: 
::i.... 

VOC: 510 447-2030 • FAX: 510 447-4559 • www.rackco.com 

Circle 1 B1 on Inquiry Card. 

~AST 
.! 8 HIGH SPEED CHANNELS 
.! BUILT IN FOSSIL DRIVER AND 

BUFFERS 
.! GUARDIAN WATCHDOG CIRCUIT 

PROTECTS SYSTEM INTEGRITY 
.! COMPATIBLE WITH All MAJOR 

OPERATING MS 
.t COMPATIBLE. All POPULAR 

BBS SO ;r SUPPORT 
FOSS IL ( SET ORDER TOLL FREE 

.! NATIVE DRIVE FOR: OS/2, 1-800 - 282 - GT E K 
WIN95 & MBBS WORLDGROUP 

.! FULL 10 CONDUCTOR RS-232C Development 
INTERFACE Hardware & Software 

.! DATA RATES TO 115,200 BPS 

.! PERFECT FOR SYSOPS - BBS & Voice - (601) 467-8048 
INTERNET CONNECTIVITY! Fax - (60!) 467-0935 BBS · (601) 452-0058 

E-mail · spot@glek.com or Fido L3604/ 18 

COMPATIBLE Visit our new HomePage: http://v,..vAv.gtek.com 

Circle 20B on Inquiry Card. 

Industrial PC Solutions 

Data Acquisition 

Call 800-800-6889 to 
receive a FREE 100­
page Solution Guide for 
your OEM or system 
integration needs. 

ADVANTECH~ 
750 E. Arques Ave. 
Sunnyvale, CA 940B6 
40B-245-667B, Fax 408-245-B26B 

Circle 207 on Inquiry Card. 

INTELLIGENT DATA ACQUISITION 

DAP3200e 1111/i 011/Jomd DX4 

_ fro m 

MICROSTAR 

LABORATORIES'} 
1he 011/;oard inrellige11ce co1111x1 11y 

• High Speed l/O • Contro l Loop < I ms 
• Digital Signal Processing • Windows , OS/2 Warp 
• Multiprocessor Systems • External Expansion 
• Most PC Software • DLL. VBX, Delphi 
• DAPtoo ls for HP VEE • DASYLab, LabVIEW. .. 

206-453-2345 - 206-453-3 199 fax 
in fo @mstarlabs.com - www.mstarlabs.com/mstarlabs/ 
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540MB 
Removable 

No Pawer 
Supply Bricks 

Internal Battery Option! 
• New 4.2 & 2,2 Gigs 
• Fast ems access 
• Fast SCSl-2 Transfer Rates 
• Over 1MBlsec thru parallel port 
• No power supply ' Bricks" 
• Rugged aluminum for field usage 
• High Impact 75 G Shock 
• Built In power supply, Battery option 

-• Arly dual combo 
•Ex. CO-ROM & Tap& 18 Gig DAT 

Data Acquisition • Disk a Optical Drives 

Portable DataAcquisition 
Performance and Portability ­

We Give You Both. 

DAQCard'" Series DAQPad'" Series 

• Parallel port d
PCMCIA l}>.•Six Type II I ~--· interface ~ 
cards ~ c _ • 100 ksamples/s - . .,

•Upto 100 · • 12 or 16-bit 

ksamples/s resolution ­

• 12-bit resolution •Analog, digital, 
•Analog input 	 and timing 1/0 


and output • DC power, optional 

•Digital 1/0 battery pack 


and timing 1/0 
 Software 

SCXI Signal • Nl-DAQ' driver 
li:I 
Conditioning software for: "'·"" 
•Parallel port 	 ..., - LabVIEW' I 


or PCMCIA - LabWindows'/CVI 

interface - ComponentWorks 


•Expandable to - Basic, C/C++, 
384 channels Visual Basic, Pascal, 

•DC power, optional and many more 
battery pack • 


Call for FREE DAQ Designer Software - _ •..
~
(800) 433-3488 (U.S."°" Cao""") 

W NATIONAL 
, itm~,!!!Y,~!~,!~: 

U.S. Corporate Headquarters• Tel: (512) 794-0100 •Fax: (512) 794-8411 
E-mail: info@natinst.com •WWW: http://www.natinst.com 

© Copyright 1996 Na tional Instruments Corporation. All rights reserved. 

Product a nd company names !Isled a re lrademarks or trade names of their respective compa nies. 


Circle 211 on Inquiry Card . 

a alog 
SOFTWARE FOR SCIEN CE 
is your only source for 
the best values in more 
than 2, 000 scientific 
and technical software 

____.c--<t products! 

ll.V4w.:v22.3345~ 
Sc1Tech S<iTech lnlemalianol 7575 H. Elston Ave., Chi<ago, IL 60647 •Tel 317.486.9191 


Fax 317.486.9734 • e·mail inlo@nile<hlnl.<am •URL hllp://www.sdle<hinl.<om 


Circle 21 2 on Inquiry Card. 

Worlds Smallest 
& Portable Disk Drives 

Parallel 

SCSI 

Disk a Optical Drives • LAN Hardware • Mail Order 

o pa t ible 

From: SCSI Vue""G Jd$39 . . 0/1 
· Benefits: D1agnost1c Cables 

• No Loss Of Important Data 
• Faster Performance • Test Cable Integrity 
Features : 
• Diagnostic Ind icators • Large Ferrite Filte rs 
• Triple Shielding (Unique Cable Design) 
• Double Gold 20u" Plated Connectors 

Over 40 Cable Styles In Stock • Extra Heavy 26 Gauge Wire, 50 & GB Pin 

SCSI Vue"' Teflon 
Custom Internal Cables 
Benefits : 
• Less Errors, Ultimate Performance 
• Silver Wire Improves Signal Quality 
Features: 
• Perfect 90 Ohm Impedance Match Custom Internal Cables in 1 DAY! 
• Triple Pronged Connector With Gold contacts 

SCSI Vue"'Active 
Digital Switch 

Benefits : 
• Share SCSI Devices Between 2 Computers 
• Attach up to 14 Devices t o 1 Computer 
Features : 
• 2-1 Active Digital Switch/Repeater 
• Regenerates SCSI Signal for Long Runs 

0•1•c•1•T•A•L The SCSI Solution Company 

ZERO DOWN TIME SERVER SOLUTION 
w/ Hot-Swap Redundant Power Supply 

18 Bay File Server Case 
• 8Open Drive Bays 
• Removable Motherboard Rack 
• 3System Cooling Fans 

• 

Hot-Swap Redundant Power Supply 
•Load-Sharing Design 
• Power Fault Alarm/LED/Signal 
• N+1Redundancy 
Also available other Server & RAID Cases 

~\~~I~~ 
2859 Boyview Drive, Fremont, CA 94538 
(510) 770-1200 exl 313 Fox (510) 770-1288 

Circle 194 on Inquiry Card . 

200 BYTE JUNE 1996 

mailto:inlo@nile<hlnl.<am
http:http://www.natinst.com
mailto:info@natinst.com


Misc H/W • Multimedia • Programmable Hardware 

• 11 .3" 800x600 Dual-sca n 
Color screen. 2MB DRAM. 
Optional 12.1" or 10.4" 
TFT Active Matrix . 

• Built-in 4x CD-ROM drive, 
16-blt stereo sound, 2 
speakers, & mic. 

• Two type II PCMCIA slots, 
serial , parallel, MIDI, 
PS/2, & infared ports. 

• Bmb RAM (maximum 32mb) 
and 256K level 2 c ach e. 

• 810mb removable PCI 
EIDE HO (up to 1.3GB 
available). 

• 1 year parts and labor 
warranty. Extended 
w arranties available. 

• PS/2 Glide Point & 
Joystick. 

• 3.5" removable 
floppy drive. 

pJete li1ill o't models & sizes in stock • Computer 
• CD·ROM Enclosures • RAID Enclosures • 19" Rack C~ 

!;ii @®~~A~ @ oOI ~@~o tffe~~W~ &s:>o 

i ~!ygun. way to convert 

~ TI 0ffi®®0~®0u!la®lfil 
I Distributor and reseller Inquiries welcome 

We aids@ se## SIMMS ! 
SimmVerter 30171 IS19""/SWJ : Converts lour 30 pin

SIMMS lnlo one 71 pin SIMM. 6 models available to Ill all -. 
systems. Also SIPP to SIMM. SimmVerter71X71 IS25l : Two single sided 71 ::: 

pin SIMMs Into one double sided 71 pin SIMM.SimmVerter30x30 IS2 9J :Four s 
lMB 30 pin SIMMS Into one 4MB 30 pin SIMM. Nallable In front and Back models. ~ 

• "add S Ares!dents aOO sales ta.'{.. .:+: $1 9 pr:ce 1s fo: original SimmVertsr mod.els A.8 .C,O -:"' 
Came eon Te oology, Inc.· 818 CharcotAve • San Jose, CA 95131 • Tel:(4081321-9880, Fax:l408l 321-9885 

Circle 196 on Inquiry Card (RESELLERS : 197). 

~QQ~~Q: is a ve rt ical ly integrated design 
and manufacturing co mpany specializing in computer enc losures , disk 
subsystem enclosures and fully integrated sys tems. 

Phone: 1-702 -356-5595 Fax: I-702-356-636 1 Email: in fo@sliger.com 

Internet: hnp://www.s ligcr.com Postal: 1385 Greg S i.Suite 101 Sparks. NV 8943 1 


Circle 200 on Inquiry Card (RESELLERS: 201 ). 

• Hot Swapable Power Supplies • Removable Disk Drive Modules 
• Passive Backplanes • Designed for FCC certification 
• Competitive prices • Custom colors & designs available 

Call NOW for information and catalog 
See us at: 

Spring Comdex r CALIFORNIA " 
Booth #2056 

'"pe PRODUCTS ~1-800-394-4122 
VISA & MasterCard accepted - Same day shipment! 

408-638-9460 - 205 Apollo Way - Hollister, CA 95023 

Circle 198 on Inquiry Card (RESELLERS : 199). 

NEATi I '" 
CD LABELER KIT 

1Crea te your own artwork On Your Computer 
with easy-to-use NEATO Templates. 

MlcroPatent®250 Dodge Ave .• East Haven . CT 06512 
203·466·5055 • Fax 203·466·5054 

In Europe: 44 181 932 0540 • Fax 44 181 932 0480 

Circle 202 on Inquiry Card . 

Low Cost 16-bit Controllers 
Easy to program in Borland/Microsoft C/Ctt. 

C-EngineTM Prices start at $119 Qty 1, $49 OEM 


• 11 12-bit ADC • 3 mA standby, 
Battery, RTC 

• Networking, C library, 

Development kits 


1TERN
INC. 

216 F St. #104, DavisCA 95616 USA 
Tel: 916·758·0180 Fax: 916·758·0181 
Internet Email: tern@netcom.com 
ft pJ/ftp.netcom.com/puMe/tern 

Circle 205 on Inquiry Card. 
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Rackmount Drive Enclosures 
Rackmount Accessories 
Rack Systems 
Tower PC Enclosures 
Tower Drive Enclosures 
CPU Cards and Backplanes 
Industrial PS2 Power Supplies 
Redundant N+ 1 Load Sharing Power Supplies 

• 3.6x2.3", 24 1/0, 3 UARTs, 3 timers 2 counters 
• Upto 512K SRAM , 51 2K EEPROM , Watchdog 

mailto:tern@netcom.com
http:hnp://www.sligcr.com
mailto:fo@sliger.com


Programmable H/W • RAID Drive Arrays Tape Drives • On-Line Services • Security 

Develop reliable multi-taski ng 
systems in hours, not weeks, with the ' 
new Micro-G· EasyStart Kit. Beginnners 
and experts alike will loveour simplified 
ve rsion of C. It's everything you need: a After development,
Micro-G controller, 128Kflash, prototyping board , DEM boards are $79,
and Dynamic C EasyStart software. Only $279 quantity 1. 

1724 Picasso Ave. For quick information: 
Davis, CA 95616 Call our AutoFAX 
916.757.3737 916.753.0618 from 
916.753.5141 FAX your FAX. Request 
http: //www.zworld.com data sheet #35. 

Circle 203 on Inquiry Card. 

Ou r miniatureco ntro llers are 
ideal for machine control and 
data ac qu is ition . Easy to 
prog ram with our Dynamic C. 
Save time and money. Call our 

Litt le Star, 1111 AutoFAX 916.753.0618 fromyour 
JDl/O Lin es FAX. Request catalog #18. 

1724 Picasso Ave. 
Davis, CA 95616 
916.757.3737 
916.753.5141 FAX 

http://www.zworld .com 

Ci rcle 204 on Inquiry Card. 

-lockable front door, open able side 
doors 
-w /300W AT UL P/S ......$178 
-w/ 2x300W R.P.M . .......$399 

-Balance Load-Sharing Design 
-Power Fault Alarm/ LED/Signal 

Removable Hot Drive Modules 

-ETA-4600 600 wall AT .. . . . $221 
-ETA-4500 500 wall AT ... . . $165 
-ETA-4000 400 wall AT . . . ..$146 
-SP2-4400 400 watt PS2 .. . . $121 
-SP2-4300 300 wall PS2 . ...$ 61 

All steel construction Server 8c RAID solution 
-Front access with 14 •5 114· exposed drive bays 
-lockable front and both side doors 
-6 ball bearing cooling Fans pre-Installed 
-4 lockable casters pre-Installed 
-Reduntand & heavy duty power supply options 
Also ayqllgb/e other Server & RAID Chqssfs 

Economy Server 8c RAID Chassis 
-Front access 10 •5 1/4" 
exposed drive bays 

• 
-SCSI or IDE Available, Patent protected 

-Perfect for RAID & removable 
storage application 

Heavy Duty Power Supply Simm socket adapter 

II Tape Solutions· _ !Illa 
... The Tape Experts • 9 TRACK 

• 3480 • 3490 • 3490£ 

• LIBRARIES 

Qua/star Corporation 
6709 Independence Avenue 

Canoga Park, CA 91303 

FAX (818) 592-011 6 TEL (818) 592-006 1 
(800) 468-0680 

Circle 206 on Inquiry Card. 

•Domain name 
reqistration provided 
lhttpd/your_name) 

• Unlimited updates 
via your own FTP 
account 

• 500 MB of data 
transfer per mon th 
f! D.llper MB overSOOMBI 

• full T1 to the Internet - . a 
Circle 215 on Inquiry Card (RESELLERS: 216). 

"Run Client/Server Application§ 
Securely aver the Internet" 

~r ··- ·­...r......_ -·­
~9...'.0JM11.1<t1n 
'".Df'lll"ft~.t«I 
~k~.Cltwl 0I' 0tJ El 

BII 
CIJ CIJ..........,,,.. 

Dunn .,,.t.nM ':.j"''•h . m
SECURE ,._

1,., 
·~ ~~ ~~~- ·!iQLBa11f..;... ~. 

CLl C!.O CE] 

Iii Use the Internet as a secure virtual Wide Area Network 

iii Develop powerful Internet applications using 4GL tools 

iii Use SOLWindaws,Visual Basic, Powerbuilder, Delphi , C++ ... 

iii Provides automatic data-stream encryption for all SOL data 

iii Uses RSA security and Netscape's secure socket references 

iii Includes a complete enhanced version of SQLBase v6.1 

iii Transparent to users, developers and administrators 

Use the Internet to securely access 

your clienVserver applications 


Use Client/Server tools for 

remote access solutions! 


Pricing slarts at $1,595 lor a5-user version 

Call 1-800-486-DUNN ext. 405 
http://www.dunnsys.com 

DUNN 
syst ems , inc . 

Circle 217 on Inquiry Card. 
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Utilities • Recruitment 

No Rules Needed! Leave Your PC Off 
With Redirection Server for Microsoft Mail 

you can leave for an hour or a month and have 

your mail handled automatically. Let's people 

know you are away and when you'll be back! 

• Quick Installation 
• Easy Operation 
• Free Evaluations.. call today! 
US (!WO) 449-0506 or (206) 885-7888 Internat ional +4-$ 1734 5 11 2 11 

h11p://www. scanct.com/vcndo rs/c2cusa 


Circle 218 on Inquiry Card. 

ill1tflobotics® 
The Intelligent Choice in Information Access 
"THE HOTTEST COMPANY IN IL. PERIOD"-Crain's 
"TOP 20 HOT GROWTH COMPANY" -Business Week 

"TOP 25 MANAGERS" -Business Week 

When a company experiences growth above what even Wall Street expects. people notice. The Corporate/Systems Division of U.S. Robotics develops information 
access systems for a variety of Fortune 500 companies. While outstanding growth potential exists in many companies, here at U.S. Robotics we exceed potential every 
day. Several key positions still exist today that require immediate attention. The selected candidates must possess a BS EE/CS Degree (MS EE/CS Degree preferred). 

EMBEDDED SYSTEMS DEVELOPMENT 
Must be an experienced real-time embedded programmer in C and c... Must also possess experience with routing protocols such as TCP/IP. SPX/IPX or Appletalk. 
Experience in RTOS (e~g . VRTX or PSOS), Frame Relay, ATM, ISDN, FOOi, T 1/E 1 or WAN helpful. 

CELLULAR/WIRELESS SOFTWARE DEVELOPER 
Must possess a minimum of 2 years experience in tele/data communications software development as well as a background in a Windows and/or Windows NT 
environment. Must also be skilled in GSM, CDMA, TOMA, Analog Cellular. CDPD, Mobile Data Communications, Wireless Data Networks, Call Processing or 
Cellular/Wireless Infrastructure. 

ROUTING PROTOCOL DEVELOPMENT 
Must be a hands-on engineer with a strong technical ability in IP. IPX or Appletalk protocols. Software and embedded systems development skills a plus. 

NETWORK MANAGEMENT SOFTWARE ENGINEER 
Will design and implement network management applications in both a Windows and UNIX environment. Must possess experience in Windows 3.1/95/NT, Visual c ... 
MFC, VBX, WinSock, WinSNMP. Solaris, HPUX, AIX, Motif/X-Windows, Open View or SunNet Manager. Experience in TCP/IP protocols and SNMP preferred. 

DQ TEST ENGINEER 
Will be responsible for developing test plans, creating test platforms and the development of automating test suites for product regression/stress testing. Must possess 
experience in LAN communication and routing products with knowledge of bridges, routers, protocol analyzers, UNIX systems and testing in a LAN/Novell 
environment. 

Your talents will be rewarded with a challenging environment and an excellent compensation package, including 401 (k), stock purchase plan and relocation 
assistance. For immediate consideration, please forward resume with salary history to: HR/JP/BYTE, U.S. ROBOTICS, Corporate/Systems Division, 8100 N. 
McCormick Blvd., Skokie, IL 60076. E-mail : jpappas@usr.com (eoe m/f/d /v) 

Fax: (847) 676-6662 
Circle 1 64 on Inquiry Card. 

Circle 219 on Inquiry Card (RESELLERS: 220). 
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THE BUYER'S MART. 

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 

ACCESSORIES 

SVGA Splitters 
Monilor, Keyboard and Mouse splilters. multiplexers and 
high quality cables to 250 fee t. 
> Connect 2 or more monitors to your PC 
>Support to 1600x1200 - MADE IN USA 
> Access 1 PC from several keyboards or vice versa 
> SVGA < > TV Converters 

HALL RESEARCH http://www.hallresearch.com 
Santa Ana, CA (714) 641-6607 800·959·6439 

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 & International Keyboards 

* 2 Year Warranty, 30 Day SS Back Guarantee 

* Direct From Manufacturer 

* Top Rated by Independent Review 

* Complete with CCD Scanner - S599 

* Complete with Laser Scanner - $655 

* Complete Wand only Reader- $329 

Worthington Data Solutions 
3004 Mission Street• Santa Cruz. CA 95060 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 easily 
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 Lase r Scanner Input

* Serial Interface and Keyboard Interface 

* Reads 2of5, UPCIEAN, 128, Code 39, etc. 

* 2 year Warranty on Reader & Wand 

* 30 Day Money Back Guarantee 

* 64K Complete with Steel Wand - $799 

* Small Size and very long battery life 

Worthington Data Solutions 
3004 Mission Street • Santa Cruz. CA 95060 

408·458·9938 FAX 408·458·9964 800-345-4220 

typewritten copy. 2"x11/16" ads approximately 2 months prior to issue RATES (Jan. 1996) 

can include headline (23 c haracters 
maximum), descriptive text (300 

date. For example: November issue 
closes on September 8. Send your 1 ad 

3·5 
issues 

$790 

6-11 
issues 
$760 

12 
issues 
$665 

c haracters is the maximum recom ­ copy and payment to: 211 x1 1/e 11 2 ads/issue - 635 
mended) plus company name, 
address, telephone and fax number. 
2"x2 S/s" ad has more space for 

TH E B UYE R 'S M ART, BYTE 
Magazine, 1 Phoenix Mill Lane, 
Peterborough, NH 03458. For more 

3 ads/issue - 600 

1 ad $1,580$1,515$1 ,330 

descriptive text (850 c haracters is information please call Vivian Bernier 2"x2%" 2 ads/issue - 1,265 

the maximum recommended). in BYTE sales at 603-924-2521 or 3 ads/issue - 1,200 

DEADLINE: Ad copy is due FAX: 603-924-2683. 

BAR CODE 

Labeling Software 
For DOS and Windows with dot-matrix, LaserJet or 
DeskJet. Easy WYSIWYG design. Any format/size. Mix 
big text, bar codes. and PCX graphics. Formats for AIAG, 
KMart, Sears, MIL-STD, Penneys, WalMart. Fi le Input. 
LabelRIGHT 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 

200-600 fl . Relay units extend range to 4000 fl . 

1-16 terminals per base station. Keyboard, wand, 

CCD or laser scanner input. 16 selectable fre­

quencies. Small size and low weight - 12 oz. with 

batteries. Base Station - $795. 

Terminal - $1095. 


Worthington Data Solutions 
(408) 458-9938 (800) 345-4220 

Windows Bar Code Fonts 
Add bar codes to any font based Windows pro­
gram. Fonts designed for dot matrix , DeskJet 
and Laser Jet. 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 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 Fi les 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 

•••• • •••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, Slot/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 Configu rable 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 - S299 

AMERICAN MICROSYSTEMS 
2190 Regal Parkway, Euless, TX 76040 

(800) 648-4452 (817) 571 -9015 FAX (817) 685·6232 

Bar Code Printing Software 
LabelWorks for Windows 

> Prints all Popular Bar Code Types (19 Types) 

> Desktop Publ ish ing 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 Hu ndred Popular 
Label Formats or Design Your Own 

> Rich Text Support: Mix Styles, Types, & Sizes 

> Automatically Prints Serial Numbers 

> Imports & Exports Graphic Files: 
TIFF, GIFF, BMP, PCX, WPG, WMF, TARGA 

> Supports Virtually all Windows Compatible 
Printers (Postscript, Laser. & Dot Matrix) 

> 30-day Money-Back Guarantee, $295 

''' CALL FOR FREE DEMO SOFTWARE ••• 

AMERICAN MICROSYSTEMS 
2190 Regal Parkway, Euless, TX 76040 

(BOO) 648·4452 (817) 571·9015 FAX (817) 685·6232 

Bar Code Library DLL 
Bar Code Li brary sends bar codes to the disp lay, 
Windows clipboard, bitmap file , or printer. Bar Code 
Library supports most applications with a bu ilt-i n 
programming language that can call a DLL. $329. 
32 Bit version $649. 

StrandWare, Inc. 
715-833-2331 Fax: 715-833-1995 

800-552-2331 (in US) 

Inquiry 451 . 
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BAR CODE 

BAR CODE PRINTERS 
FREE Windowsm Bar Code Printer Driver wit h eve ry printer 
purchase! Print bar codes from MS Word1"; Write , Word Pad, 
Access"', Visual Basic1M, Lotus3 Approach~. ParadoX''\ dBASE~. etc. 

Only $1 ,495! (reseller pricing available) 

Impeccable print quality, rugged performancel 


THARO SYSTEMS, INC. 
P.O. Box 798, Brunswick, OH 44212-0798 

hllp ://Www. tharo.com/lharo/ Internet e-mail : lharo@tharo.com 
330-273-4408 Fax: 330-225-0099 

Inquiry 452. 

BOOKS 

12,000 COMPUTER TITLES 
Easy searching & ordering in our onl ine stores. 
Computer books from 450 publishers. Web URL 
http://www.compubooks.com/, CompuServe , GO CBK. 
Excellent customer service. Worldwide shipping by 
UPS or USMail. MCNisa/AmEx/Novus/JCB cards. 

CompuBooks" Online Bookstores 
512-321-9652 Fax 512-321-4525 800-880-6818 

Circuit Design Software for Windows 
Easy-to-use schematic entry, PCB design, and 
simulat ion softwa re. starting at S149 eac h. 
Complete PCB package with schemat ics , 
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 136lh Place. SE-Bellevue WA 98006 

(206) 641-21 41 FAX (206) 649-0767 BBS (206) 641-2846 

Inquiry 453. 

CAREER OPPORTUNITIES 

SOFTWARE ENGINEERS 
TravelTech Staffing, Inc. 

needs experienced software 
engineers for 3 to 12 month 
contract assignments in several 
US cities. We provide top pay 
and benefits , housing , travel 
reimbursement, and more. Think 
about where you'd like to travel. 
Then, visit our web site or call 
for a free brochure. 

1·800·282·0360 
www.traveltechstaffing.com 

TRAVELTE CH 
STAFFING , I N C . 

CAD/CAM 

CONTOURING MOTION CONTROL 

F~~d~x~ ~p~,~~~f~w!'r~RT! $249 
NEW VERSION 3 VISA/MC 

• Controls up to six step motors simultaneously. 
• Linear and Circular Interpolation. 
• New features to accommodate machine control. 
• Easy-to-use DOS device drive r. Super Manual. 

· CAD-CAM interface available. 


Co1poration. 1422 Arnold Ave. 
Ability Systems Roslyn,PA 19001 121s1 ss1.4330 

FAX: (215) 657-7815 

Inquiry 454. 

CD-ROM 

CD-ROMS 
JAVA - Dev Kit, . . . . . . . . . . . . . . 525.00 

HotJAVA browser, demo applets, on-line docs 
WINDOWS 95.COM... 32-bit Shareware Collection. . $30.00 
WINSITE . S35.00 

Utilities for Windows 3.1, NT. Windows 95, more! 
HOBBES OS/2 . . . . . . . . . . . . . . S35.00 

Software, games, utilities, fixes, updates 
BS DISC - NetBSD. Free BSD. XFree86 & X11 AG. $35.00 
INTERNET TOOLS . . . . . . . . . . . . . . . . . . S30.00 

Networking tools & utilities SLIP & PPP 
LINU X Developer's Resource S25.00 

Slackware. Red Hat!. more! 
LINU X Installation & Getting Started Guide . . . $7 .50 

245pgmanual 
LINU XTOOLBOX - . . . . . . . . . . . . . . .... $45.00 

CD Set & install Guide. For beginners! 
MOD-TIFF for LINUX - 100%Mo1if compatiDle GUI ... . 599.00 
MOO-TIFF for FreeBSD - 100%Motif compatible GUI . S99.00 
MOTHER of PERL . . . . . . . . . . . . . . . . . . . . . .. . . S35.00 

Source & binaries for UNIX. DOS. NT. MAC 
RUNNING LINUX . . $19.95 

576 pg manual for everything about Linux 
SOURCE CODE - 4.4 BSO-Lite2, GNU. Inter Views. more . . $30.00 
STANDARDS - RFCs. IENS, ITU/CCITI BlueBook .$30.00 
TCL/TK - so!lware to develop X-Windows npps. . . . . . . 535.00 
TeX - typesetting tools tor mathematical & scientific docs . . 535.00 
WORLD WID E Catalog. . . . . . . . . . . . . $30.00 

See theWVf..Vwithoutbeing on-line! 
X-F ILES - Comp!e!e sources for X1 1AG & XFree86 ....... 535.00 

Phone Orders: 1-800-800-6613 We accepl 

Fax Orders: t 1·520-526-9573 MC. VISA & AMEX 

lnfl Phone: +1·520-526-9565 

Web Orders: 1·11w1 infomagic.com E-mail orders@in1omagic com 


InfoMagic 11950 N. Hwy 89, Flagstaff, AZ 86004 

Inquiry 455. 

Consolidated CDROM, Inc 
Worldwide suppliers of CD-ROM software. 


We do import, export, publishing & dist ribution. 

We also buy & sell all types ol memory chips. 


Dealers Wanted! 


102 Greenwood Ave Wyncote PA 19095 USA 
800-BCD-ROMS 215-572-9831 1215-572-9832 lax 
Ernai\: cdrom @consldcdrom I www.consldcdrom.com 

Inquiry 456. 

CD ROM TOWERS & 

JUKEBOX SERVERS FOR 


ALL OPERATING SYSTEMS! 

RAID NOW AVAILABLE 


No Device Drivers/ MSCDEX needed, Complete Kit 

Networks CD Roms, unlimited user license, DISCPORT. 


"JES, NONE BEnER AT ANY PRICE" 
Call NOW: 1 (800) 482-1 866 305-597-3980 

http ://www.jescdrom.com 

Inquiry 457. 

WALNUT CREEK CDROM 
FreeBSD. 2.1 Rock sol id Berkeley Unix for PC w/s rc. 

2 disc set , easy install. 6 mo updates.. ... .. $39.95 
Slackware Linux. 2disc ' OFFICIAL ' Slackvia1e 3.0. 

Internet's favorite. Quarterly updates... . ........ ... ... $39. 95 
Cica MS Windows. 4000+ Wimlows programs. games, 

drivers, fon ts, shells. src. Indexes i11 German/Spanish/ 
ltalian/Frencll/Eng lisl1/Japanese. Ouar. upllnles ... ........ $29.95 

Hobb es OS/2. 1000 MB Free/Sharev1are drivers. app's. 
etc. OS/2 Mag's product of Ilic year' 6 mo updates .....$29.95 

Simtel MS DOS. 2 discs, premier Internet technical , 
programming Free/Sham·1are .... . . .........529.95 

Black Ha wk. - Ne1:1 Win. 95 share\'lare collection ... .. .... $29.95 
fnlernel Info. 17,000 doc's. FAQs, FRCs. & IENs... ...$39.95 
Music Workshop. 2 Music prog .. midi. demos. etc ..........$39.95 
Projecl Gutenberg. 350+ Copyrigl1l lree books ... ..... ..... .$39.95 
Scienlilic Lib rary. Techni cal sha re\•1are . DOS/Win ..... ... ..... .$39.95 
POV-Ray. Ray-t raci ng images. src. documentation ... . ...$39.95 

60+ titles about Windows 95 & NT. games, Tel, perl, ORZ! 
Ham Radio. Music, Fo11 ts. Royalty-free images 

Call for your FREE catalog today! 
All our prod ucts are unconditionally guaranteed! 

1-800-786-9907 
4041 Pike Lane, Ste D-214. Concord, CA 94520 

+1-510-674-0783 Visa/MC/AM Ex, Fax:+1-510-674-0821 
orders@cdrom .com http ://www.cdrom .com/ 

Inquiry 45B. 

COMPUTER GRAPHICS 

Work On-Line 
Wo rk from home to help us create our "Virtual 
World Project" Use yo ur 486 or PentiumPC to 
create 30 mode ls for our CD-RDM. Average up 
to $30 per l1our with a signed contract. Software 
is requ ired and trai ning is available. 

http://www.3dt.net/3d-art/ 
3rd DimensionTechnologies ,lnc.1-800-455-3558 

Inquiry 459. 

DATA ENTRY SOFTWARE 

DATA ENTRY SOFTWARE 
Fu ll feat ured, heads-down data entry 


wi ll1 two-pass verif ication, edit language, 

output record reformat , operator statis tics, 


key from images (N EW' ). 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 : 206-776-721 0 
Woodway. WA 98020 USA: 800-356-0203 

DATA RECOVERY 

We Can Save It! 
All Platforms - A ll Storage Devices 

Proprietary techniques so advanced we 
rescue data others simply abandon. 

DRIVESAVERS 
Restoring data since 1985 
1-800-440-1904 

41 5-883-4232 

Inquiry 460. 

The Leader in Data Recovery 
• 	 Expertise in virtually every operating system 

& media storage device. 
e 24-Hour support & emergency services available. 
e Call for a FREE consultation' 

ONTRACK DATA RECOVERY 
MN : 1-800-872-2599 • CA: 1-800-752-7557 

OC: 1-800-650-2410 •Europe :+44 1372 741999 

Inquiry 461. 

DATA RECOVERY when l.T. Matters 
• Tape, Optical or C.D. Media 
• Accidental Overwrites 
• Hardware or Software Failure 

VOGON 
Europe Tel +44 (O) 118-989-0042 

Fax +44 (0) 11 8-989-0040 
USA Tel 405-321-2585 Fax 8242 
Germany Tel +49 (0) 180-522-15-42 

Fax +49 (0) 89-69-37-00-55 

Inquiry 462. 

DATA/DISK CONVERSION 

WE WROTE THE BOOK! 
Deal direct with the company who developed 
the systems that most others u se .. 
S H A F F S TA L L ! Tape/Diskette 
Transfer/Co nvers ion/Duplication . PC/Mini/ 
Mainframe/Workstation Tape Transfer. WP to 
WP Document Conversion Services. 

1-800·357-6250 317-842-2077 
Shaffstall Corporation (Fax) 317-842-8294 

Inquiry 463. 
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DATABASE 

DbCAD dev 1.3 DLLs 
Create , select, edit , import (DXF, DWG) , all the 
AutoCAD 20 vector entities, in a graphics database 
(DBF). Display raster images (RLC , RLE , BMP) on 
which you can overlay vector drawings (DWG, WMF, 
graphic DBF) Manage a graphic wi ndow (pan , 
zoom, overvie w, pick) . Print by using Windows 
driver and fonts. 

Channel inc. U.S.A. 
+617-863-0068 http://www.mynet.il/abaco 

Inquiry 464. 

EDUCATION 
B.S. & M.5. In COMPUTER SCIENCE 

The American Institute For Computer Sciences offers an in· 
depth home study program to earn your Bachelor of Science 
at home. 8 .$. subjects covere d are: MS/DOS, BASIC, 
PASCAL, C. C++, Data File Processing, Da1a Structures & 
Opera ti ng Systems. M.S. program includes subjec ts in 
Software Engineering and Artifi cial Intell igence. 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 

EMBEDDED CONTROLLER 

V' MAKE A DATALOGGER FAST! 
TDS2020 - the ideal low-power micro-controller 
for building a datalogger. From only $199 (100s) 

./Fast deve lopment with lligll -level Forth- no emulating ! 

./Application software library provided - easi ly tailored' 

./ Save to bib RAM, PCMCIA cards or mini Ila rd drive' 

./Take 10/12 bit analog signals. dig ital or ASCII data ! 
Call today for details: (716) 425-3753: -3835 (fax ) 
SAELIG CO. 1193 Moseley Rd. Victor, NY 14564 

Inquiry 465. 

ENGINEERING SOFTWARE 

SCIENTIST@ 
FITS EQUATIONS TO DATA 

FREE 30-day version available on 

the Web at http://www.micromath.com 


MicroMath Scientific Software 
1-800-942-6284 Fax (801) 943-0299 

Inquiry 466. 

FOREIGN LANGUAGES 

Foreign Language Software Leader 
Largest se lection ofTranslation , dicrionary, language 

learning, fonts, word processing,OCR etc. from any 


companyr Best prices, Satisfaction guara111ccd' 

Free 52-page Catalog. 


http://www.lainct.com/Cllt 


World Language Resources 
800-900-8803 FAX 3 t 0-996-2303 

2130 Sawtdlc Blvcl . Ste..: . ;i04A, Los Angclc..:s, CA 90025 

Inquiry 468. 

WORLD'S LANGUAGE CENTER 
Automatic Translation with a push of the button 

Chinese, Japanese, Russian, 150 languages 


Dictionaries - Fonts - Learning - OCR etc. 

Best Prices • Best Service 


FREE CATALOG 


Translanguage Inc. 
800-308-8883 Fax 714-279-9368 

PO Box 18024, Anaheim Hills, CA 92807 

Inquiry 469. 
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HARDWARE 

Pre-Owned Electronics, Inc™ 
THE Independent Provider, serving the Dealer, 


Professional, Corporate, Government, and 

Educational Buyer since 1985. 


APPLE II® & MACINTOSH® 

SYSTEMS • PARTS• EXCHANGE REPAIRS 


Call for a Catalog 800-27 4-5343 
Office: 617-275-4600 •FAX: 617-275-4848 
205 BURLINGTON ROAD• BEDFORD, MA 01730 

Inquiry 470. 

HEWLETT-PACKARD 

Buy - Se// - Trade 


LaserJ et ColorPro 
DeskJet DraftPro 
RuggedWriter DraftM as ter 
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 4 71. 

HOME AUTOMATION 

Computer Control 
of Your Home! 

Largest Ranae of Home Automation In Tile w or/Clf 
• X-1 O • AudioNideo • Security Systems 

• Lighting • Video Surveillance • Phone Systems 
• Heating/Cooling • Lighting • PetCare Automation 
Call For FREE 72 Page Color Catalog 

800-SMART-HOME Fax 714-708-1614 
E·rnail : catalog@srnm 1t1ornc.co 111 ht1p://1w1w.srnarl11ornc.com/sma1thome 

HOME AUTOMATION SYSTEMS, INC. 

Inquiry 4 72. 

INTERNET 

GAMELON® INTERNET FILES 
http://www.menai.com 

13uil(I power1ul. sophisticatetl programs wi !h a fast 00 pcrsis1cn1 [Jala 
soltware lihr<nyttrn! !ils llrn architct:1ulC!o! the lnlemct. Gallier lumpy tnterncl 
dalil or use lhe Internet tor program·to·program data exchange. Object 
nes1i11g.llypcrlinking,imlexi11a. 1ransactio11rnanaucmc11t, arn!rnorc. 

• Solaris , Wimlows 3. 1, Windows 95/NT. OS/2 (ask lor Mac. Linux) 
• APls for CH, C, Visual Basic & Delphi (ask for JAVA) 

Menai Corporation 
lOJ(I El Cmnirw lk:1l,S uitl' :~ 7! ) , Mcnlo 1 ~1rk,C1 li fomi :1 9·i025 


(sool 426-:1566 (u.s.l orC415) 85lM50 

MX (4 15) 853·MH E·m:ill: l11foa mc11;1l.com 


Inquiry 473. 

INTERNET PRESENCE 

"Virtual Web Hosting" & "Site Creation" 

SECURE TRANSACTIONS I SSL available 

PRESENCE@ $49.95/mo. 

www.YourCo.com 
(BOO) 808-924 1 E-mail: byte @pick.net 

Horne Page Included!! RESELLERS Welcome!! 

Inquiry 4 74. 

LANS 

Little Big LAN 
The most flexible network 

Peer lo Peer LAN lo 250 nodes 
$75 tola l sollware cosl, nol per node' 
Link via serial. paral lel. or Moderns 
Also via Elhernel or Arcnel. or rnix! 
Typica lly on ly 40k of RAM 

Information Modes 
817-387·3339 / P.O. Drawer F, Denton TX 76202 

Fax 817-382-7407 Orders 800-628-7992 

Inquiry 475. 

PROGRAMMERS TOOLS 

The Fastest xBASE Engine••• 
for 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 trial 
Call Sequiter Software Inc. for details! 

Phone 403 437 2410 FAX 403 436 2999 

Inquiry 4 76. 

SECURITY 

EVERLOCK Safe-D EVERKEY 
Internet/CD-ROM Activation 


CPU-Lock • CD-ROM Lock • Serialization 

Registration • Date & Execution Limits 


Windows 95 • 3. l t • DOS 

Az-Tech Software, Inc. 


Leaders in Software Security 

Phone' (816) 776-2700 f;\.X, (816) 776-8398 

E-mail: aztech@tyrell.net 

Inquiry 4 77. 

THE ULTIMATE SOFTWARE SECURITY 
e STOPCOPY family - UNCOPIABLE copy protection 
• STOPVIEW software encryption 
• NETLIMIT network license metering 
•DOS, Windows. Macin!osh. OS/2, support 
• No source code changes required - for ANY of our 


products in ANY environment 

•Our products destroy ALL of our competition 
•Call for FREE demo disk, or to discuss our products· 

MANY oplions 

BBi Computer Systems, Inc. 
14105 Heritage Lane. Silver Spring. MD 20906 


8001TRY-A881 • 800/879-2224 • 301 /871-1094 • FAX:301 /46 0-7545 


Inquiry 4 78. 

CRYPKH SOfTWAR~ llCfNSING SYSHM 
'Soltware Copy Proteclion with NO Hardware Key and NO Oisk Key" 

CrypKey is software copy protection that is 
• complelely secure from any disk copy program 
• completely compalible wtihMSOOS. MS WINDOWS. 

WIN 95. WIN NT 
• completely compatib le with CO-ROM, BBS, or Internet 

distribut ion ! 
• customer fr iendly - no disk key. no hardware key, less 

support calls 
CrypKey can increase your soltware sales by allowing you to 
se ll your program 

• by increments - sell add-on software options or levels to 
your custome rs 

•by num ber of runs- e.g. sell 100 calcolalions for $100.00 
•by time period - e.g. lease or demo your program 

for 60 days 
CrypKey uses a numeric key that can be transmitted by phone. 
fa x, or ema il. Se ll your customers more options, more copies, 
more time or more runs instantly, just by making a telephone 
ca ll (great lor overseas customers or distributors) .CrypKey is 
produced by Kenonic Co ntrols Lid. - eng ineering and 
software since 1972. 

Kenonic Controls limited 
7175-12/h Street South East 

Calgary, Albena, Canada T2H 256 
(403) 258-6200 •lax: (403) 258-6201 

INTERNET: crypkey@kenanic.com 

Inquiry 479 . 

Cop's Copylock II 
Professional software protection with 


TRUE Machine Install. Option Board safe. 

DOS, OS2, Networks, Windows, Trace 3000. 


DialCOPS Access Control for mass 

distribution via CD-ROM or Internet. 


Known and used world-wide since 1984. 


LINK Data Security 
lnl'I : + 45 3123-2350 Fax: + 45 3123-8448 
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SECURITY 	 SOFTWARE/ENGINEERING WINDOWS 

CRYPTO·BOX™ Locks in Your Profits! 
Th e Ma rx CRYPTO-BO X is the res ult of 1 O ye ars 
experience in effective software protection . 
•	 microprocessor controls 10 codes, memory. dynamic 

algorithm and high speed data encryption 
• remote access to passv1ords and counters 
• license metering in networks: sing le key per LAN 

MARX International, Inc. 
20 Executive Park West. Suite 2027 . Atlanl<l. GA 30329 


404-321 -3020 1 -800 -MARX- tNT lox: 404-321-0760 

Visit our Home Page: http://www.marx.com 


Inquiry 480. 

KEY LOK II™ SECURITY 
Software Piracy Prevention - Surviva l 13 years proves 

effectiveness of powerful multilayered securi ty. Algorithmic 
response, programmable memory, counters, lease control, 

remote update. Low pricing ($13.95/1000, $15.50/50. 
$16.00/5, $19.95/2). No startup cos ts. No ID on devices. 

Also. ACCESS CONTROL systems and disk drive/syste m LOCKS 

MICROCOMPUTER APPLICATIONS 
3167 E. Otero Circle, Li tllcton, CO 80122 

1-B00-453-9565 (303) 770-1917 FAX: (303) 770-1B63 

Inquiry 481. 

Powerful Protection •.• 

Affordable Price 


The UniKey®Anti-Piracy System 
$17 hardwa re key is the industry's most 

powerful protection 


Developer-accessible memory 


• Protec ts mu ltiple applications 

• Supports futu re upgrades 

• The only patented software protection technology 

Automatic protection - no programming I 

• 	ODS, Win dows (including NT and 95), Unix, 

Netware and ot11er networks suppo rted 


Call now and order your UniKey Developer's Kit: 

800·841·1316 
SOFTWARE SECURITY, INC. 

6 Tho rn dal Circle , Darien , CT 06820-5421 
(203) 656-3000 FAX (203) 656-3932 

http ://www. softsec.com 

Inquiry 482. 

SOFTWARE PACKAGING 

FREE SOFTWARE 

PACKAGING CATALOG 


Every!hing you will need 10 Package, Dis1ribute, and Ship Your 
Software!! From manuals and binders to mailers and shippers 

LABELS LABELS LABELS 
For your diskettes, pla in or custom printed 
dol matrix or laser printer . .. free samples 

•••FREE CATALOG••• 
Hice & Associates 

8586 Monticello Dr. , West Chester. OH 45069 

Phone/Fax: 513-779-7977 

Inquiry 483. 

SOFTWARE/ENGINEERING 

Analog/Digital Simulation!! 
• Windows, NT, DOS • Model Libraries, RF, Power 
• Power Mac, Macintosh • More Than 5000 parts 
• lsSP1ce4 Real Time SPICE •Waveform Analysis 
• Mixed Mode Slmulatlon • Full SPICE programs 
• Schematic Entry starting at $95. Complete 
• New AHDL Modeling Kit!! system~, $595-$2595 

P.O. Box 710 San Pedro. CA 90733-0710 t solt 
(310)833-0710, FAX (310)833-9658 1n u ri 

Call for your Free Demo and information kit. 

Inquiry 484. 

Super FILTER 
Active+ Passive+ Digital +Switched Cap 

• LP, HP. BP, All pass and Notch • 175+ Topologies 
• Al! conventional types • Cascade up to 5 unique types 
• Component & Non -Ideal OpAmp parameters speci fied 
• Plots of Group Delay. Gain. Phase. in Frequency or Time 
Domain • Best fit of unknown wf"filter recognizer'" • Monte 
Carlo / Sensitivity analysis• $498 

Tatum Labs, Inc. 
1287 N. Silo Ridge Drive, Ann Arbor, Ml 48108 

313-663-8810 FAX 313-663-3640 

Inquiry 485. 

SOFTWARE/GRAPHICS 

C/C++ NEW RELEASE CIC++ 
TG-CAD Professional v. 6. O 

For Win 95 . Win 32 , Win NT, Win 3. 1 A 20 & 30 
library of CAO routines (16 & 32 bit versions) for 'C 
program ming . Draw. Fill. Shade, Dimension, DXF. 
Fonts. Color & more included. Free Demo & Technical 
Paper available. 

P.O. Box 9411 S2. Plano. Texas USA 75094 
Fax t- 214-•123-7288 Pho 1·800·635-7760DS I BBS: 1·2t4-88t -9322 


DISK SOFTWARE INC. 


Inquiry 486. 

LEADTOOLS 
Pn1gm111 111t11"'s C<1mfJrclll'11si1 ·c /11111gi 11g So/11 tio11 

Wi1h L.EAl.HOO l.-5 6 you cur 
• lmport/l"XJl(>rl -i( l+ 1iftlu.: 11u1st 111>pul:ir ti lt f(irm:u s . 
• 	Compress i111:1g<:~ w/ 111 11l1 ipl1· op1ion~ (<:CIT!" C"ij .':'; li-1, l'N(;. 

Jl'El;, l :J\11'). 
• Pron:ss im:t).!eS, u~ing :i implc ur L"Ompkx regions: ~p:11 i:tl tr.Ill :.· 

furrn : ttion~ . sp:uial fil 1 n~ . hin:irr !il1n~ . histogr. tm mo di licuions. 
combining . :t\lln dt·s1Kckling. :111H• \lnkcwing <:ll" . 

• 	Cunn:.: rt <: o lo rs: rnh1l"in!Ul'Xp:1t1ding ~·c> l or \kpth. gi.!)'~l· :1 li11g . 
h :llftonin ).! . 

• 	Support :my ~t:md :ml tli,pby dl'nn· w/ cisy to u~c ultr.i f:i .,t 
p:iim . wom. ~L·ro ll. crop & pan rrnuint'' will m:tkt· your :ipp fly. 

• i\mmt:tt <: ll&W' do..:umrnt, & ..:olur im:tgcs: text. highligh t. ~ t kkr 

n1Ht., , red -lint·. frn· haud . hl:1t·krn11 t'l L. 
• S11pp11r1 ·r \VAIN compbi11l ~Clll l \lT~ . 

• l' ri1l! 	 im:tg<:s w/ :11 1t1>111:tt k prqiro..:c~ .~i 11g. to :I ll)' ~ ll pportcll 

prnaer. 

Download tree imaging applicalion built wi/11 

LEAOTOOLS 6 lltfp://www.leadfools.com/ or call 


1·800·637·1835 
,... LEAD 

T ,r~~':!"!?!?~!~~ 
10·1-332·5532 (Fax)704-372-6t6t CIS "GO LEAO!ECll" http//'1c1m.leadtools.corn/ 

Inquiry 487. 

SOFTWARENOICE/FAX 

Computer Telephony 'C' Libraries 
Mul ti-Voice V4.0 and Multi-Fax V2.0 Toolkits give you tlie 
most powe rtul solution to integrate telephony to your 'C' 
applications. Unique cl esign based on mult i-tasking; DOS 
Extender; Supports most major vo ice and fax boards; 
Commented sou rce code; Royalty free ; Bes t value. 
Also avai lable: Windows based application generator. 

1T1 SOFTWARE 
Tel: 514-835-3124 Fax: 51 4-835-4772 BBS: 514-B35-5945 

Fax-On-Demand: 514·835·2216, E-mail: ggagnon @cam.org 


Check our home page: ht tp://www.cam.org /·ggagnon 


STATISTICS 

UNISTAT® 
The ultimate data analysis add-in for 

MS Excel™ which also happens to be 
a full power statistical package. 

http ://www.unistat.com 
USA: Tel: (609) 466-9200 Fax (609) 466-1688 

World: Tel: +44 181 964 1130 Fax:+44 1B1 964 0531 

Inquiry 488 . 

*FREE INTERNET 

217·322·1111 

Full Access 28.8K 8/N/1 All Nodes 


Service is FREE *You Pay L.D. Charge 


Voice Help 1 ·217·322·121 2 
Inquiry 489. 

THE ULTIMATE BBS 
FREE FREE FREE FREE FREE FREE FREE 

Latest Windows and DOS Utils , Pgms, Source 
Code, Lively CHAT, online games, Internet Access 
and more and all FREE. Call from home or office 
up to 14.4K and download for FREE. (n/8/1) 

217-792-3663 
Cus!omer Service 415-281-4429 

Inquiry 490. 

YOUR AD HERE 

ADD IMPACT 
WITH 

COLOR 
IN THE 

BUYER'S MART!! 

Attract the attention of your 

customers with the addition of 
color to your ad. 

Call 
Vivian Bernier today 


at 603-924-2521 

for rates and details 

ID start or upgrade 


your advertising today! 


OR FAX 603-924-2683 

International 
Marketers: 
CAPTURE YOUR 

SHARE OF THE 

WORLDWIDE 

IT MARKET! 


Now you can reach millions of buyers 
for your products through the Global 
Ad Network of 21 leading computer 

publications across the globe! 

Call Global Ad-Net 
Tel: 603·876·4311 
Fax: 603·876·4196 

Bs R$ N$ 
$ DM £ L. 

J UNE t 996 BYTE 207 

http:http://www.unistat.com
http://www.cam.org/�ggagnon
mailto:ggagnon@cam.org
http:lltfp://www.leadfools.com
http:histogr.tm
http:softsec.com
http:http://www.marx.com
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ADVERTISER CONTACT INFORMATION 

To order products or req uest free information, call advertisers directly or send in the Direct Link Card by 
mail or fax! Let them know you saw it in BYTE! 

INQUIRY NO. PAGE NO. PHONE NO. INQUIRY NO. PAGE NO. PHONE NO. INQU IRY NO . PAGE NO. PHONE NO. 

A 
ACCENT SOFTWARE INTL 1 65 http://www. 

accentsoft.com/ 

610·6 11 ACCENT WORLDWIDE INC 136NA I 800·535·5256 

189·190 ACI 198 800·983· 1177 

213·214 AE HOME CORPORATION 202 818·961 ·2499 

112· 1I3 AlADDINSOFTWARE ENGINEERING LTD 110 800·223·4277 

78·79 ALADDINSOFTWARESECURITYINC 68 800·223·4277 

117·118 ALADDIN SOFTWARE SECURITY INC 11 2 800·223·4277 

146 ALLMICRO 185 800·653·4933 

17 AMERICAN ADVANTECH 197 800·800·6889 

207 AMERICAN ADVANTECH 199 800·800·6889 

70 AMERICAN POWER CONVERSION 33 800·800·4APC 
DPT.A2 

AMERICAN POWER CONVERSION 32A·B 40 I ·788·2797" 

194 ANT EC 200 510·770·1200 
ext313 

ANTHROCORP 160 800·325·384 1 

184· 185 APPRO INTERNATIONAL INC 198 800·927·5464 

109 ARTECON I 04 800·872·2783 

606 ATIACHMATECORP 85 800·426·6283 

B 
75 BAY NETWORKS 44·45 800·8·BAYNET 

ex\27 

103· I 04 BEST POWER TECHNOLOGY 103 800·469·4842 
ext 252 

I 05· I 06 BEST POWER TECHNOLOGY 107 800·469·4842 
ext 253 

107·108 BESTPOWERTECHNOLOGY 111 800·469-4842 
ex t 254 

450 BIX 213 800·695-4775 

BYTE BACK ISSUES 166 603·924·9281 

BYTE ON CD ROM 221 800·924·6621 

BYTE SUB MESSAGE 120 

BYTE WEBSITE 222 http://www.byte.com/ 

BYTE WIN BOOK CONTEST I 36NA 5 

c 
218 C2CSYSTEMS 203 206·885·7888 

198·199 CALIFORNIA PC PRODUCTS INC 201 800·394·4 122 

196· 197 CAME LEON TECHNOLOGY INC 20 I 800·440·7466 

224 CARDIFF SOFTWARE 119 800·659·8755 

119 CENTRAL DATA 135 2 17·359·8010 

COMPAQ PORTABLES 21 800·345·1518 

129·130 COMPEX INC 159 800·637-3202 

COMPUSERVE 168A·B 800·487·9 I 97 

237 COMPUSERVE 169 800·487·9197 

139 COMPUTER DISCOUNT 
WAREHOUSE 172· 173 800·959·4CDW 

155 COMPUTERLANEUNLIMITED 189 800·526·3482 

169 COMPUTERWISE 196 800·255-3739 

233·234 COMTROL CORP 143 800·926·6876 

69 COREL FLOW 30 613·728·0826 
ext 3080 

65 COREL GRAPHICS 18 613-728·0826 
ext 3080 

76 COREL WORDPERFECT 52 613·728·0826 
ext 3080 

142· 143 CYB EX CORPORATION 175 205·430-4030" 

15 1·152 CYBEX CORPORATION 193 205·430·4030" 

167 CYCLADES CORPORATION 196 800·882·9252 

D 
235·236 DARIM 156 213·637·1705" 

DATA ACCESS CORP 184 800-45 1 ·3539 

141 DATALUX CORPORATION 174 800·DATALUX 

DELL COMPUTER CORP (Fl 000) CV·CV I 800-873· 1420 

DELL COMPUTER CORP (F1000) CV ll 800·873· 1270 

DELL COMPUTER CORP (F1000) CVl ll 800·847·4093 

DELL COMPUTER CORP 28·29 800·873· 1450 

DELL COMPUTER CORP 56·57 800·545·6094 

DELL COMPUTER CORP 62 800·545·7147 

DELL COMPUTER CORP 67 800·545·5705 

DELL COMPUTER CORP CV·CVI 800·545·5623 

DELL COMPUTER CORP CVll 800·545·3821 

DELL COMPUTER CORP CVlll 800·545·3818 

85·86 DELTEC 96 800·335·8321 

601 DIGITALALPHASERVER 8·9 800-DIGITAL 

145 DISTRIBUTED PROCESSING TECH 180 407·830·5522 

217 DUNN SYSTEMS 202 800·486-DUNN 

F 
133 FAIRCOMCORPORATION 163 314·445·6833 

125· 126 FINSON 152 +39·2·6698·7036 

149-1 50 FIRST SOURCE INT'L 186· 187 714·448·7750 

G 
GEODESIC SYSTEMS 64A·B 800·360·8388 

191-1 92 GRANITEDIGITAL 200 510·47 1·6442 

208 GTEKINC 199 800·282·4835 

H 
HEWLETT PACKARD 37 800·322·HPPC 

ext 1557 

HEWLETT-PACKARD 81 800·533·1333 
ext 1615 

215·2 16 HIWAYTECHNOLOGIES 202 800·339-HWAY 

156· 157 HORIZONS TEC HNOLOGY 190 619·292·8331 

IBMAS/400 16· 17 800·365·4426 
ext630 

IBMOS/2 79 800·1BM·3333 
extEA 121 

IBMRE/600 47 800·IBM·3333 
ext FA230 

IDT INTERNET 155 800·743·4343 

179 INTEGRAND RESEARCH 198 209·65 1·1203 

88 INTEGRIX INC 98 800·300·8288 

INTEL CORPORATION 83 http://www.intel.com 
.technology/techbriefs/ 

pentiumpro 

209 IOTECH 199 216·439·409 1 

228·229 10 SOFTWARE 86·87 800·458·0386 

134·135 IXOSSOFTWAREGMBH 164 +49·89·46005·0 

K 

180 KILA 198 800·505·6749 

72·73 KINGSTON MEMORY 41 800·251 ·9039 

83·84 KINGSTON STORAGE 90 800-435·0670 

L 
147·148 L A TRADE 191 800·433·3726 

193 LI BERTY SYSTEM INC 200 408·983· 11 27 

M 
616·617 MAG INNOVISION 71 800·827·3998 

144 MECCOMPUTEREXPRESS 182·183 516·435· 1199 

154 MEGA HAUS 188 800·525·0360 

140 MICR02000 176·177 800·864·8008 

137·138 MICROSOLUTIONSCOMPPROD 181 800·295·12 14 

MICROGRAFX 61 800·877·3040 

MICRO·INTERNATIONAL INC 201 800·967·5667 

61 MICRON ELECTRONICS Cll·P 1 800·233·7027 

82 MICRON ELECTRONICS 72·73 800·250·5807 

202 MICRO PATENT 201 800·648·6787 

MICROSOFT CORPORATI ON 15 devwire@bhs.com 

MICROSOFT CORPORATION 51 800·759-5474 
deplA199 

MICROSO FT CORPORATION 127 800·259·7242 7GY 

MICROSTAR LABORATORIES 199 206·453·2345 

MICROWAY 139 508·746·7341 

80·81 MIROCOMPUTERPRO DUCTSAG 121 +49·531·2113·100 

MOTOROLA 92·93 

MOTOROLA 94·95 

168 MOXA TECH USA INC 196 800·699·MOXA 

131· 132 MRT 161 603·465·2830 

N 
21 1 NATIONALINSTRUMENTS 200 512·794·0100 

614·6 15 NEWCOM 55 818·597·3200 

226 NOBLENET 158 508·460·3456" 

136 NSTL 219 6 10·941·9600 

0 
77 OLDSMOBILE 58 800·448·0087 

609 OSBORNEMCGRAW·HILL 136NA 7 800·822·8158 

OSBORNEMCGRAW·HILL 214·215 800·822·8158 

p 
608 PC EXPO 136NA 2 800·829·3976 

124 PERSOFT INC 151 800·368·5283 

63·64 PI NNACLEMICRO 714·789·3000 

607 PIPELI NE USA/PSINET 133 800· 799·0676 

120 PKWARE INC 141 414·354·8699 

153 PO LYW ELLSYSTEMS 194 800·300·7659 

225 POPK IN S/W &SYSTE MS INC. 129 800·732·5227 
ext 736 

68 POWERSOFT CORPORATION 34·35 800·395·3525 

74 POWER SOFT CORPORATION 
LANG UAG ES DIVISION 43 800·265·4555 

121· 122 PR OX IMA CORPORATION 167 800·447·7694 

Q 
123 ONX SOFTWARE SYSTEMS LTD 145 800·265· 1 0442 

208 BYTE JUNE 1996 

mailto:devwire@bhs.com
http:http://www.intel.com
http:http://www.byte.com
http:accentsoft.com
http://www
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FAST: l'.iilli:tluliiJMi · 1 Z·1·!1tiilmtUi1EUM·iiNdi!·ti~IM:2'·!iihhi6liJf:Bta1 
~ l Fill out this coupon carefully. Please print. A. My company profile is best described as: (check one) D. Please indicate which specmc fields of: 1 D Corporateenduser interestareimportanttoyou:

INQUIRE By MAIL i 2 D Computer/communications manufacturer (check all that apply) 
j Name 3 D Reseller/distributor/DEM/integrator/consultant

Enter your name t Flrsr Last 4 D Other (please describe) : 19 D Mobile Computing 

and address at right.i ;: g~~~~~~~e:evelopment
I TitleThen circle the i B. My job function is best described as: (check one) 22 D lntemeVon-line 
• 5 D CompanyManagement 23 D Video Conferencing

inquiry numbers i Com an 6 D IS/MIS/IT Management 24 D Multimedia 
I D Systems Engineering/Integration 25 D PC Telephony

that COrreSpOnd tO i 8 0 Departmental Management (non-I S/MIS)
th th I Address 9 OTechnlcal Services Support E. Do youintluencethepurchaseof the

OSe On e t 10 O Other(pleasedescribe): _______ followingproductsorservicesforyour 

organizatlon?(checkallthatapply)
advertisement or i 

26 DComputers/peripheralsC. My responsibilities require that I be involved with the followingBYTE article, and ! 27 OSoltwareapplicationsoperating system environments: (check all that apply) 
28 D Remotelwireless communicationsmail this attached l 11 O DDS 
29 D LAN hardware or software12 D OS/2 

card. i _ 13 D Mac/OS 30 D lntemetworklng hardware,C~i____________________ 
software,or services14 D UNIX(any, Including Sotaris)'i 15 D Windowsl State Zi 

16 D Windows/NT I 
17 D NetWare 
18 D Other(pleasedescribe): ________ June 1996FASTER: 

l 

! Phon~~~~~~~-e I 91 96 99 I 
Valid until August 31, 1996 INQUIRE BY FAX I _Fax___________ 

Enter the l 
l 

l Advertiser Inquiry Numberlinformation as I 
123456789 10 11 12 13 14 15 16 17 596 597 598 599 600 601 W2 603 604 605 606 607 608 609 610 611 612described above, l 

l 613 614 615 616 617 618 619 620 621 622 623 624 625 626 627 628 629 
35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 
18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 

630 631 632 633 634 635 636 637 638 639 640 641 642 643 644 645 646then fax this l 
647 648 649 650 651 652 653 654 655 656 657 658 659 660 681 662 663 

~ ro n n n M ~ n 77 78 79 80 81 82 83 84 85 
~ ~ ~ ~ ~ ~ ~ w w 61 62 63 64 65 66 67 68I ' 664 665 666 667 668 669 670 671 672 673 674 675 676 677 678 679 680 card to: l % ~ M ~ 00 ~ n ~ M 95 96 97 98 99 100 101 102 681 682 683 684 685 686 687 688 689 690 691 692 693 694 695 696 697 

103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 698 699 700 851 852 853 8~ 855 856 857 8~ 859 860 861 862 863 864 
1~1~ 1~1~1N1~1~ 1~1n 129 130 131 132 133 134 135 136 865 866 867 868 869 870 871 872 873 874 875 876 877 878 879 880 881800·571·7730 l 137 138 139 140 141 142 143 144 145 146 147 148 149 150 151 152 153 882 883 884 885 886 887 888 889 890 891 892 893 894 895 896 897 898 

I 1~1~ 1~1~ 1~1W1W 1 ~ 1U 163164185 1681~ 1681M1W 899 900 901 902 903 904 905 906 907 908 909 910 91 1 912 913 914 915 
l 1n 1n1n1M1~1n1771n1n 1801~ 182 183184 1851681~ 916 917 918 919 920 92 1 922 923 924 925 926 927 928 929 930 931 932
l 1M1~1001~ 1n1~1M1~1~ 197 198 199 200 201 202 203 204 933 934 935 936 937 938 939 940 941 942 943 944 945 946 947 948 949 

950 951 952 953 954 955 956 957 958 959 960 961 962 963 964 965 966 
222 223 ~4 225 226 227 228 229 230 231 232 233 234 235 236 237 238 

I ' 205 206 207 208 209 210 211 212 213 214 215 216 217 218 219 220 221 
967 968 969 970 971 972 973 974 975 

239 240 241 242 243 244 245 246 247 248 249 250 251 252 253 254 255 FASTEST:! 256 257 258 259 260 261 262 263 264 265 266 267 268 269 270 271 272 Edltorlal Inquiry Numberli 273 274 275 276 277 278 279 280 281 282 283 284 285 286 287 288 289 
290 291 292 293 294 295 296 297 298 299 300 301 302 303 304 305 306 mmmm~~~~964~~E~~-~mINQUIRE ON l 

j 

993 994 995 996 997 998 999 1000 1001 1002 10031004 10051006 1007 10081009 
324 325 326 327 328 329 330 331 332 333 334 335 336 337 338 339 340 
307 308 309 310 31 1 312 313 314 315 316 317 318 319 320 321 322 323 

t010101 1 10121013 101410151016 1017 1018 1019 10201021 10221023 1024 10251026THE INTERNET 
I 
l 

~7t~ 1m 1~1®1a1m 1~1~ 1~01 1•1~1~100~2100341 342 343 344 345 346 347 348 349 350 351 352 353 354 355 356 357 ' 1~~51~100 1• 1~10w 1~1a1~1~1~1~10~1•1~1~358 359 360 361 362 363 364 365 366 367 368 369 370 371 372 373 374Access BYTE's i 10611062 10631064 1065 10661067 1068 1069 1070 10711072 10731074 1075 10761077 
392 393 394 395 396 397 398 399 400 401 402 403 404 405 406 407 408 
375 376 377 378 379 380 381 382 383 384 385 386 387 388 389 390 391 

1 ~10ro1B 1®1~ 1~1~D510661~10661~1B 1®1• 1~1~home page at: l 10951096 1097109810991100110111021103 1104 11051106 1107 1108 110911101111 
426 427 428 429 430 431 432 433 434 435 436 437 438 439 440 441 442 
409 410 411 412 413 414 415 416 417 418 419 420 421 422 423 424 425 

1t12 1113 11141115 111611171118 11191120 1121 1122 1123 11 24 1125 112611271128 
1t29 11 30 11311132 113311341135 11361137 1136 1139 1140 11411142 114311441145 

460 461 462 463 464 465 466 467 468 469 470 471 472 473 474 475 476 
www.byte.com! 443 444 445 446 447 448 449 450 451 452 453 454 455 456 457 458 459 

11461147 11481 149 11W11511152 11531154 11551156 1157 11581159116011611162 
1t6311641185116611671 1681169 117011 71 1172 1173 11741175 11761 177 11781 1ro477 478 479 480 481 482 483 484 485 486 487 488 489 490 491 492 493 and click on Free i -- ' 1t8011811 15211531 184 11as1186118111aa 11891100119111n1193119411951100494 495 496 497 498 499 500 501 502 503 504 505 506 507 508 509 510 
119711981199120012011202 120312041205 12061207120812091210 121112121213 

528 529 530 531 532 533 534 535 536 537 538 539 540 541 542 543 ~4 
511 512 513 514 515 516 517 518 519 520 521 522 523 524 525 526 527 Product Information.: 

12141215 12161217 121812191220 1221 1222 1223 12241225 1 226 1~7 1228 12291230 
1~1m1mU341~U36U~1mUM1•UMUG 1m1~1~1N1W545 ~6 ~7 548 549 550 551 552 553 5~ 555 556 557 558 559 560 561Follow the i 
12481249 t2W 1251 1252 1253 1254 1255 1256 1257 12581259 1260 1261 1262 1263 1264562 563 564 565 566 567 568 569 570 571 572 573 574 575 576 577 578 
12651266 t2671268 12M 12701271 1272 1273 1274 12751276 1277 1278 127912801281 

I 
l 

579 580 581 582 583 584 585 586 587 588 589 590 591 592 593 594 595instructions on-line. ! 
l Product Category Graphics Tablets/Mice/ Tape Drives 23 On-Line Services 38 

Pen Input 10 UPS/Power Management 24 Operating Systems 39l Information 
Keyboards 11 Voice Technology 55 OS/2 54

! To receive information for an LAN Hardware 12 Programming Languages/
Softwarel entire category, circle the appropriate Laptops & Notebooks 13 Tools 40
Business 25

number in box above. Mail Order 14 Security 41'j CAD/CAM 26Memory/Chips/Upgrades 15 Shareware 42 
Hardware Communications/Networking 27Miscellaneous Hardware 16 Software Duplication 43 
Accessories/Supplies 1 Data Acquisition 28Modems/Multiplexors 17 Spreadsheets 44 
Add-in Boards 2 Database 29Monitors & Terminals 18 UNIX 45 
Bar Coding 3 Educational 30Multimedia/CD-ROM 19 Utilities 46 
Communications/Networking 4 Engineering/Scientific 31PCMCIA 57 Windows 471ntJ111
Computer Systems 5 Entertainment 32Printers/Plotters 20 Word Processing 48l Data Acquisition 6 Graphics 33

! Programmable Hardware 21 
Diagnostic Equipment 53 Macintosh 34 GeneralRAID Drive Arrays 56'j Disks & Optical Drives 7 Mail Order 35 Books/Publications 49SCSI/Peripheral Interlaces 59l Diskettes/Duplicators 8 Mathematical/Statistical 36 Recruitment 50Scanners/OCR/Digitizers 22l Fax Boards/Machines 9 Miscellaneous Software 37 Miscellaneous 51

l Security 52 
l 

http:www.byte.com
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6 ! FAST: 
~- : 
~· i INQUIRE BY MAIL 
., ! 
~ f Enter your name 
"-l ! 
~ ; and address at 
~ l right. Then 	circle
C'l !
i:! : the inquiry., ! 
;!; l numbers that- ' ;::; i correspond to 
.g 
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! 
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those on the
"' ::s t 
rt· : advertisement or 
~ ' BYTE article, and ~ i mail this attached 

[ card. 
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! INQUIRE BY FAX
I ­
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' information asi 
I 
I described above, 

I then fax this
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i card to: 
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' SOQ..571·7730
i 
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' i 

! FASTESl· 
' ! INQUIRE ON
! THE INTERNET 
l Access BYTE's 
I 
! home page at: 
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www.byte.com=== and click on Free---1lI 
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Product--- i === 	l Information. 
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! instructions on­
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ADVERTISER C0N:TACT-i-NFORMATION 

INQUIRY NO. PAGE NO. PHONE NO. INQU IRY NO. PAGE NO. PHONE NO. INQUIRY NO. PAG E NO. PHONE NO. 

206 QUALSTAR CORP 202 

603 QUANTUM CORPORATION 24-25 

66-67 QUARTERDECK OFFICE SYSTEMS 23 

165-166 QUATECH INC 196 

R 
22 1-222 RAIMACORP 134 

62 RAINBOW TECHNOLOGIES (US) 2-3 

223 RAVE COMPUTER ASSOCIATES 22 

176-177 RCI 197 

182-183 RECORTEC INC 198 

172 RHETOREX INC 197 

158-159 ROSE ELECTRONICS 190 

s 
114 SAG ELECTRONICS 11 3 

212 SCITECH INTERNATIONAL 200 

89 SEAGATE TECHN OLOGY 101 

ext 1025 

800-468-0680 

800-624-5545 
ext 140 

310·392-9851 

800-553-1 170 

206-557-0200 

800-852-8569 

800-966-RAVE 

800-RCl -8090 
ext 71 

888-RECO RTEC 

408-370-0881 

800-333-9343 

508 -682-0055 

800-622-3345 

408-438-8 111 

174-175 SIGMA TECH SOFTWARE 197 

188 SILICONRAX 199 

230-23 1 SLWABER 162 

200-20 1 SLIGER DESIGNS 201 

613 SMCISTANDARDMICROSYSTEMSCORP 149 

612 SOFTBANK/COMDEX 136NA8 

232 SOFTBLOX INC 170 

160- 161 SOFTWAY SYSTEMS 192 

178 STARTECH COMPUTER PRODUCTS 197 

87 	 STATS OFT 97 

T 
173 	 TALKING TECHNOLOGY INC 197 

TELE.COM 136NA5 

205 TERN INC 20 1 

219-220 TOP TECHNOLOGY 203 

71 TOSH IBA AMER ICA INC 38 -39 

186· 187 TRANS2000 199 

181 TRI VALLEY TECHNOLOGY INC 199 

818-368-6132 

800-700-8560 

609-866-8888 

702-356-5595 

BOO·SMC·4·YOU 
depl PT33 

800-434-0202 

415-896-0708 

800-265-1844 
ex\23 1 

918-749-1119 

800-934-4884 

916-758-01 80 

818-369-2332 

800-457-7777 

310·908-6814 

510-447-2030 

u 
164 	 U.S. ROBOTICS INC 203 847-676-6662'' 

v 
170 	 VIDEXI NC 196 541-758-0521 

VISIO CORPORATION 12-13 800·24-VISIOE25 

w 
195 WETEX INTERNATIONAL 200 800·75WETEX 

115·116 WIBU 120 800-986-6578 

602 WIN BOOK COMPUTER CORP 11 800·4 68-0712 

WORLDWIDE TECHNOLOGIES 178-179 215-922-0 11 6" 

WORLDWIDETECHNOLOGIES 195 215-922-2904 

z 
203 Z-WORLD ENGINEERING 202 916-757-3737 

204 Z-WORLD ENGINEERING 202 916-757-3737 

127-128 ZYXELUSA 109 714-693-0808 

'Correspond directly with company 
' 'Indicates FAX Number 

NEW ENGLAN D 
CT, MA,ME, NH, NY, RI, VT, 
Ontario, Canada, Eastern Canada 
John Ferraro (617) 860-6221, 
(212) 512-2555 

Jea nne Beeson (6 17) 860-6349 
TheMcGraw-Hill Companies 
24 Hartwell Avenue 
Lexington, MA 02173 
FAX: (617) 860-6307 

NEW YORK 
NY Metro, NJ 
Michael Feinberg (212) 512-4811 
John Ferraro (212) 512-2555, 
(617) 860-6221 

Jill Pollak (212) 512-3585 
The McGraw-Hill Companies 
1221 Avenue of Americas-28th Floor 
New York, NY 10020 
FAX: (212) 512-2075 
75767.3 l 3@compuserve.com 

SOUTHWEST. ROCKY MOUNTAIN 
AL, AR, LA, MS, OK, TN,TX 

Bert Panganiban (214) 701-8496 
Brian Higgins (603) 924-2596 
The McGraw-Hil l Companies 
14850 Quorum Dr.. Suite 380 
Dallas, TX 75240 
FAX: (214) 991-6208 

BYTE ADVERTISING SALES STAFF 
John M. Griffin, V.P. ofSoles, One Phoenix Mill Lone, Peterborough, NH 03458, 


Tel: (603) 924-2663, (21 2) 512-2367, Fax: (603) 924-2683, 102503.3142@compuserve.com 


MID ATLANTIC-SOUTHEAST 

NEW MEDIA/ONLINE PRODUCTS 

DC, DE. FL, GA, KY, MO, NC, PA,SC, VA, WV 

Neil Helms (770) 242-6298 

Paul Fra nchak (61 4) 899-4912 

The McGraw-Hil l Compan ies 

6050 Peachtree Pkwy. 

Sui te340- 191 

Norcross, GA 30092 

FAX: (770) 409- 9622 

76363.2405 @compu serve.com 


CENTRAL U.S. 

IA, IL, IN, KS, Ml, MN, MO, NO, NE, OH, 

SD,WI 


Lori Silverstein (614) 899-4908 

Pau l Franchak (614) 899-491 2 

The McGraw-Hill Companies 

921 Eastwind Drive, Suite 11 8 

Westervi lle, OH 43081 

FAX : (614) 899-4999 

75702. 1066@compuserve.com 


NORTH PACIFIC 
AK, Northern CA, HI, ID, MT, OR, Silicon 
Va lley, UT, WA, WY, 
Western Canada 
Roy J. Kops (415) 513-6861 
Susan Rastellini (415) 513-6951 
Li sa Farre ll (415) 513-6862 
The McGraw-Hill Companies 
1900 O'Farrell Street, Suite 200 
San Mateo, CA 94403 
FAX : (41 5) 513 -6867 
103063.2246@compu serve.com 

SOUTH PACIFIC 
AZ, Southern CA, CO, NM, NV 
Beth Dudas (714) 753 -8140 
Emily Ospenson [714) 753 -8140 
The McGraw-Hill Companies 
15635 Alton Pkwy., Su ite 290 
Irvine, CA 92718 
FAX: (714) 753-8147 
103113.2411 @compuserve.com 

INTERNATIONAL ADVERTISING SALES STAFF 
L. Bradley Browne, In ternational Sales Director, One Phoenix Mill Lone, Peterborough, NH 03458, 

Tel: (603) 924-2501, Fax: (603) 924-2602, 102503.3140@compuserve.com 

UNITED KINGDOM, BENELUX 
Jonathan McGowan 
The McGraw-Hill Companies 
34 Dover St. 
LondonW1X 4BR 

f~P:'!~ 171 495 6781 
FAX: +44 171 49 56 734 
102722.2407 @compuscrvc.com 

Subscription Customer Serviee 
U.S.1-800-232-2983 


Outside US.+1-609-426-7676 


For aNew Subscription 
U.S. 1-800--257-94-02 


Outside U.S.+ 1-609-426-5526 


GERMANY, SWITZERLAND, 

AUSTRIA 
JOrgen Heise . 
The McGraw-Hill Companies 

6~~6~~~ ~~~,,~~fu~trnssc 2 

Germany 
Tel: +49 69 5801 140 
FAX: +49 69 5801 145 
100775.770@compuservc.com 

ITALY, FRANCE, SPAIN, 
PORTUGAL, SCANDINAVIA 
Zena CoupC, Amanda Blaskclt 
A-Z In ternational Sales Ltd . 
70 Chalk Fa rm Roa d 
Lond on NWl SAN 
England 
Te l: +44 171 2843171 
FAX:+441712843 174 
101G45.I7 10@cornpu serve.com 

ISRAEL 
Dan Aronovic 
DARA Inte rn ationa l 
41 Ravutski 
Ra'anana 43220 
Israel 
Tel: +972 9 919544 
FAX : +972 9 981934 

JAPAN 
Hirokazu Morita 
Japanese Advertisi ng 
Communications, Jnc. 
Three Star Building 
3- 10-3 Kanda Jimbocho 
Chiyoda-ku,Tokyo 101 Japan 
Tel: +81 3 3261 4591 
FAX: +8133261 6126 

PETERBOROUGH, NH OFFICE: 
Sales FAX: 603-924- 2683 
Advertising FAX: 603-924-7 507 

BUYERS MART 
Sout hern U.S. 

~~~n,~:~t~. (603) 924-2596 


Mark Stone (603) 924-2533 
BYTE 
One PhoenixMill l ane 
Pe terborough, NH 03458 

BYTE Deck 
Brian Higgins (603) 924-2596 
BYTE 
One Ph oenix Mill Lane 
Peterborough, NH 03458 

EURO-DECK 
Mark Stone (603) 924-2533 
BYTE 
One Phoenix Mill Lane 
Peterborough, NH 03458 

BYTE ASIA-PACIFIC 

AUSTRALIA, HONG KONG, INDIA, 

INDONESIA, KOREA, MALAYSIA, 

PAKISTAN, PHILIPPINES, OTHER 

ASIA AND PACIFIC COUNTRIES, 

SINGAPORE, TAIWAN 

Weiyee In 
Jennifer Chen 
11305 Nanking East Road, Section 3, 
10th floor 
Taipei, Taiwan, 
R.0.C. 
Tel: +886- 2-715-2205 
FAX : +886-2-715- 2342 
103454.2020@compuserve.com 
103454.202l @co mpuserve.com 
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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 ca tegory, circle the ca tegory number on the response card! 

CATEGORY NO . CATEGORY NO. CATEGORY NO . 

INQUIRY NO . PAGE NO. INQUIRY NO. PAGE NO. INQUIRY NO . PAGE NO . 


HARDWARE 
1B6·1 B7 

1B1 

TRANS 2000 

TRIVALLEYTECHNOLOGY INC 

199 

199 
14 

WORLDWI DE TECHNOLOGIES 

MAIL ORDER 

195 

2 ADD- IN BOARDS 6 DATA ACQUISITION 139 COMPUTER DISCOUNT WAREHOUSE 172·173 

196·197 CAMELEON TE CHNOLOGY INC 201 
207 AMERICAN ADVANTECH 199 144 MEC COMPUTER EXPRESS 1B2·1 B3 

233·234 COMTROL CORP 143 20B GTEKINC 199 760·761 STA RTECH INTERNATIONAL 62 

167 CYCLADES CORPORATION 196 
209 IOTECH 199 195 WETEX INTERNATIONAL 200 

235·236 DARIM 156 
MICROSTAR LABORATORIES 199 WOR LDWIDE TECHNOLOGIES 195 

20B GTEKINC 199 
211 NATIONAL INSTRUMENTS 200 WOR LDWIDE TECHNOLOGIES 17B·179 

16B 

165·166 

MOXA TECH USA INC 

QUATECH INC 

196 

196 

165·166 

212 

QUATECHINC 

SCITECH INTERNATIONAL 

196 

200 15 MEMORY/CHIPS/UPGRADES 

3 BAR CODING 53 DIAGNOSTIC EQUIPMENT 
196·197 

149·150 

CAMELEON TECHNOLOGY INC 

FIRSTSOURCEINT'L 

201 

1B 6· 1B7 

169 COMPUTERWISE 196 
146 ALLMICRO 1B5 GEODESIC SYSTEMS 64A·B 

170 VIDEX INC 196 
140 MICRO 2000 176·177 INTEL CORPORATION B3 

4 COMMUNICATIONS/
NETWORKING 

7 
109 

DISK & OPTICAL DRIVES 
ARTECON 104 

72·73 

147·14B 

KINGSTON MEMORY 

LATRADE 

WORLDWIDE TECH NOLO GI ES 

41 

191 

17B·179 
171 AMERICAN ADVANTECH 197 191·192 GRANITEDIGITAL 200 

WORLD WIDE TECHNOLOGIES 195 
739·740 ATRIE 4BIS 22 B3·B4 KINGSTON STORAGE 90 

717·71 B AXIS COMMUNICATIONS 4BIS 10 193 LIBERTY SYSTEM INC 200 16 MISCELLANEOUS HARDWARE 
75 BAY NETWORKS 44-45 154 MEGAHAUS lBB 213·2 14 AE HOME CORPORATION 202 
129·130 COMPEXINC 159 137·13B MICRO SOLUTIONS COMP PROD 1B1 AN THROCORP 160 
155 COMPUTERLANE UNLIMITED 1B9 63·64 PINNACLE MICRO 

19B·199 CALIFORNIAPCPRODUCTSINC 201 
233·234 COMTROL CORP 143 603 QUANTUM CORPORATION 24·25 MOTOROLA 94.95 
208 GTEKINC 199 114 SAG ELECTRONICS 11 3 MOTOROLA 92·93 
176·177 RCI 197 B9 SEAGATE TECHNOLOGY 101 200·201 SLIG ERDESIGNS 201 
17 2 RHETOREX INC 197 760·761 STARTE CH INTERNATIONAL 62 219·220 TOPTECHNOLOGY 203 
158·159 ROSE ELECTRONICS 

725·726 SEH COMPUTERTECHNIK GMBH 

174·175 SIGMA TE CHSOFTWARE 

190 

4BIS34 

197 

9 
614·615 

FAX BOARDS/MACHINES 
NEWCOM 55 

17 
739·740 

MODEMS & MULTIPLEXORS 
ATRIE 4BIS22 

17B STARTECH COMPUTER PRODUCTS 197 11 KEYBOARDS BO·B l MIRO COMPUTER PRODUCTS AG 121 
746·747 TAINET COMMUNICATION SYSTEM 4B IS2B 141 DATALUX CORPORATION 174 614·615 NEWCOM 55 
173 

5 

TALKING TECHNOLOGY INC 

COMPUTER SYSTEMS 

197 
12 
213·214 

LAN HARDWARE 
AEHOMECORPORATION 202 

746·747 

127·12B 

TAINETCOMMUNICATIONSYSTEM 

ZYXELUSA 

48 1S2B 

109 

1B9·190 ACI 19B 194 ANTEC 200 18 MONITORS &TERMINALS 
1B4·1 B5 APPRO INTERNATIONAL INC 19B 233·234 COMTROL CORP 143 715·716 DAEWOO Clll 
764·765 CHICONY ELECTRONICS CO 4BIS 33 702·703 CYBEX CORPORATION CIV 141 DATALUXCORPORATION 174 

DELL COMPUTER CORP 62 151·152 CYBEXCORPORATION 193 74B·749 GVC 4BIS23 
DELL COMPUTER CORP 56·57 142·143 CYBEX CORPORATION 175 741 ·742 KUO FENG CORPORATION B·9 
DELL COMPUTER CORP CV·CVI 149·150 FIRST SOURCE INT'L 1B6·1B7 616·617 MAG INNOVISION 71 
DELL COMPUTER CORP CVl l·CVlll BB INTEGRIXINC 9B 734·735 PRINCETON GRAPHIC SYSTEMS 71 
DELL COMPUTER CORP 

DELL COMPUTER CORP 
2B·29 

67 

72B·729 

114 

PSI PRINTER SYSTEMS INTL 

SAG ELECTRONICS 

4BIS40 

113 19 MULTIMEDIA/CD-ROM 
601 DIGITAL ALPHASERVER B·9 725·726 SEH COMPUTERTECHNIK GMBH 4B IS 34 744·745 AV ISION 4BIS21 

HEWLETI PACKARD 37 736 SILICON VALLEYSOLUTIONS 4BIS 15 235·236 DARIM 156 
IB MAS/400 

IB MRE/600 

16·17 

47 13 LAPTOPS & NOTEBOOKS 
75B·759 

727 

ELEKTROSON BV 

IN FOCUS 
4BIS 17 

47 
179 INTEGRAND RESEARCH 19B 764·765 CHICONY ELECTRONICS CO 4BIS33 756·757 LEOSYSTEM S 4BIS30 
BB INTEGRIX INC 9B COMPAQ PORTABLES 21 MCGRAW HILL ON LINE 55 

INTEL CORPORATION B3 155 COMPUTERLANE UNLIMITED 1B9 154 MEGAHAUS 1BB 
1BO KILA 19B 752·753 FIRSTINTERNATIONALCOMPUTER 4BIS2 202 MICROPATENT 201 
61 MICRON ELECTRON ICS Cll·P1 762·763 FI RST INTERNATIONALCOMPUTER 4BIS 25 131·1 32 MRT 161 
B2 MICRONELECTRONICS 72·73 727 IN FOCUS 47 121·1 22 PROXIMACORPORATION 167 
737·73B MITAC 4B IS 1 B MICRO-INTER NATIONAL INC 201 
136 NSTL 219 737·73B MITAC 4BIS1B 20 PRINTERS/PLOTIERS 
153 POLYWELL SYSTEMS 194 754·755 MULTIVENTU REMARKETING CORP 4BIS 13 155 COMPUTER LANE UNLIMITED 1B9 
1B2·1 B3 RECORTEC INC 19B 736 SI LI CON VALLEY SOLUTIONS 4B IS 15 HEWLETI-PACKARD Bl 
114 SAG ELECTRONICS 113 71 TOSHIBA AMERICA INC 3B·39 730·731 KYOCERA 4BIS27 
736 SI LICON VALLEY SOLUTI ONS 4BIS15 602 WIN BOOK COMPUTER CORPORATION 11 144 MECCOMPUTER EXPRESS 1B2·183 
1BB SI LI CON RAX 199 WORLDWIDE TECHNOLOGIES 17B·179 72B·729 PSI PRINTER SYSTEMS INTL 4BIS40 
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INDEX TO ADVERTISED PRODUCTS 

CATEGORY NO . CATEG O RY NO. CATEGORY NO. 

INQUIRY NO. PAGE NO. INQU IRY NO. PAGE NO. INQUIRY NO. PAGE NO. 


21 PROGRAMMABLE HARDWARE 226 NOBLENET 158 

706·707 FAST SECURITY AG 481S 5 30 EDUCATIONAL 
205 TER NINC 201 710·711 LOGICPROGRAMMINGASSOCIATES 481S34 
204 Z-WORLD ENGINEERING 202 

203 Z·WORLD ENGINEERING 202 31 ENGINEERING/SCIENTIFIC 

56 RAID DRIVE ARRAYS 721·722 F&HSIMULATIONS 11 

710·7 11 LOGICPROGRAMMINGASSOCIATES 481S34 
213·214 AEHOMECORPORATION 202 

714 ON TIME MARKETING 481S 14 
145 DISTRIBUTED PROCESSING TECH 180 

603 QUANTUM CORPORATION 24·25 33 GRAPHICS 
22 SCANNERS/OCR/DIG ITIZERS 69 COREL FLOW 30 

744.745 AVISION 481S21 65 COREL GRAPHICS 18 

756·757 LEO SYSTEMS 481S30 76 COREL WORDPERFECT 52 

156· 157 HORIZONS TECHNOLOGY 190 

52 SECURITY MICROGRAFX 61 

78 ·79 ALADDIN SOFTWARE SECURITY INC 68 121·122 PROXIMACORPORATION 167 

11 7·118 

771 ·772 

ALADDIN SOFTWARE SECURITYINC 

FAST SECURITY AG 

112 

67 35 MAIL ORDER 
706·707 FAST SECURITY AG 481S5 70 1 COMPUTER QUICK 481S26 

62 RAINBOW TECHNOLOGIES 2·3 708 GREY MATIER LTD 481S39 

115·116 WIBU 120 
36 MATHEMATICAL/STATISTICAL 

23 DRIVES 87 STATS OFT 97 

154 

137·138 

MEGAHAUS 

MICRO SOLUTIONS COMP PROD 

188 

181 37 MISCELLANEOUS SOFTWARE 
206 QUALSTAR CORP 202 125·126 FINSON 152 

24 UPS/POWER MANAGEMENT 38 ON-LINE SERVICES 
70 AMERICAN POWER CONVERSION 33 450 BIX 213 

AMERICAN POWER CONVERSION 32A·B 237 COMPUSERVE 169 

105·106 BESTPOWERTECHNOLOGY 107 COMPUSERVE 168A·B 

107·108 BESTPOWERTECHNOLOGY 111 215·216 HIWAYTECHNOLOGIES 202 

103·104 BESTPOWERTECHNOLOGY 103 IBM 48 1S9 

85·86 DELTEC 96 IDT INTERNET 155 

750·751 MAIN POWER ELECTRONICS 481S 16 607 PIPELINE USA/PSI NET 133 

712·713 

230·231 

MINUTEMAN 

SL WABER 

48 1S24 

162 39 OPERATING SYSTEMS 
123 QNX SOFTWARE SYSTEMS LTD 145 

55 VOICE TECHNOLOGY 66·67 QUARTERDECK OFFICE SYSTEMS 23 

614·615 NEWCOM 55 
54 OS/2 

SOFTWARE 
25 BUSINESS 

40 

112·113 

IBMOS/2 79 

PROGRAMMING LANGUAGES/
TOOLS 

ALADDINSIWENGINEERINGLTD 110 
224 CARDIFF SOFTWARE 119 

DATA ACCESS CORP 184 
125·126 FINSON 152 

217 DUNN SYSTEMS 202 
MICROGRAFX 61 

133 FAIRCOM CORPORATION 163 
121 ·1 22 PROXIMACORPORATION 167 

708 GREY MATIER LTD 48IS39 

27 COMMUNICATIONS/ 
NETWORKING 

709 HUMMINGBIRD COMMUNICATIONS 

IBM 

481S 29 

48 1S9 

723·724 ACCENTSOFTWARE INTER NATIONAL 48IS6 719·720 INNOVATIVE SOFTWARE 481S 40 

610·611 ACCENTWORLD WIDE INC 136NA 1 228·229 IQSOFTWARE 86·87 

606 ATIACHMATE CORP 85 710·711 LOGIC PROGRAMMING ASSOCIATES 48 1S 34 

149·150 FIRSTSOURCEINT'L 186·187 MICROSOFT CORPORATION 51 

766·767 HOB ELECTRONICGMBH&COKF 21 MICROSOFT CORPORATION 15 

732·733 MEDIAPHONICS 481S 12 MICROSOFT CORPORATION 127 

124 PERSOFTINC 151 MICROWAY 139 

714 ON TIME MARKETING 481S14 

28 DATA ACQUISITION 225 POPKINS/W&SYSTEMS INC 129 

613 SMC/STAN DARD MICROSYSTE MS CORP 149 68 POWERSOFTCORPORATION 34·35 

29 DATABASE 
74 POWERS OFT CORPORATION LANGUAGES 

DIVISION 
43 

217 DUNN SYSTEMS 202 221 ·222 RAIMACORP 134 

719·720 INNOVATIVE SOFTWARE 481S 40 232 SOFTBLOX INC 170 

228·229 IQSOFTWARE 86·87 115·116 WIBU 120 

41 
78·79 

217 

704·705 

706·707 

62 

115·116 

45 
606 

119 

709 

134·135 

221·222 

223 

160·161 

46 
146 

218 

140 

120 

66·67 

47 

602 

48 

610·61 1 

SECURITY 
ALADDIN SOFTWARE SECURITY INC 

DUNN SYSTEMS 

EUTRON 

FAST SECURITY AG 

RAINBOW TECHNOLOGIES 

WIBU 

UNIX 
ATIACHMATE CORP 

CENTRAL DATA 

HUMMINGBIRD COMMUNICATIONS 

IXOSSOFTWAREGMBH 

RAIMACORP 

RAVE COMPUTER ASSOCIATES 

SOFTWAYSYSTEMS 

UTILI TIES 
ALLMICRO 

C2CSYSTEMS 

MICR02000 

PKWAREINC 

QUARTERDECK OFFICE SYSTEMS 

WINDOWS 
VISIO CORPORATION 

WIN BOOK COMPUTERCORPORATION 

WORD PROCESSING/DTP 
ACCENT SOFTWARE INTERNATIONAL 

ACCENTWORLDWIDE INC 

GENERAL 

49 

770 

609 

50 
164 

51 

77 

768 

608 

769 

612 

BOOKS/PUBLICATIONS 
AVIATION WEEK 

BUSINESS WEEK 

BYTE ON CD ROM 

DATA COMMUNICATI ONS 

DATA COMM UNICATIONS 

OSBORNE MCGRAW·HILL 

OSBORN EMCGRAW·HILL 

OSBORN EMCGRAW-HILL 

TELE.COM 

RECRUITMENT 
U.S. ROBOTICS INC 

MISCELLANEOUS 
BYTE 

BYTE BACK ISSUES 

BYTE EURODECK 

BYTE FIELD SALES 

BYTE FIELD SALES 

BYTE SUB MESSAGE 

BYTE SUB MESSAG E 

BYTE WEB SITE 

CETRA 

BYTE WIN BOOK CONTEST 

DATAPRO 

OLDSMOB ILE 

PC EXPO 

PC EXPO 

SOFTBANK/COMDEX 

SOFTBANK/COM DE X 

THE MCGRAW·HILLCOMPANIES 

68 

202 

481S 37 

481S5 

2·3 

120 

85 

135 

481S 29 

164 

134 

22 

192 

185 

203 

176·177 

141 

23 

12·13 

11 

165 

136NA 1 

24·25 

12·13 

221 

16·17 

56·57 

149 

136NA 7 

214·2 15 

136NA5 

203 

29 

28 

85 

481S38 

481S32 

120 

481S36 

222 

48IS35 

136NA5 

79 

58 

133 

136NA2 

165 

136NA8 

481S9 
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EDITORIAL 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. 


INQU IRY NO. PAGE NO. INQUIRY NO. PAGE NO. INQU IRY NO. PAGE NO. INQUIRY NO. PAGE NO. 

A 
Aberdeen Group 53 
Acer 481S 3, 481S 1 9 
Acorn Computer 22 

1074 ADAK Communications 146 
Advanced Magnetic 91 

Recording Lab 
Advanced 26, g9, 481S 3 

Micro Devices 
Aladdin Knowledge 481S 11 


Systems 48IS 11 

Allaire 131 


1008 American Data 220 
Acquisition 

1006 Amquest 21 8 
977 Apple Computer 31 , 48, 49, 

70, 99, 11 4, 137, 48IS 1 9 
1065 	Arcade America 157 

Aries Australia 32 
Asustek 4BIS 3, 4BIS 1 9 
Attachmate 53 

1057 	Attar Software 481S 3B 
Audio Development 1 05 
AVM Computersysteme 32 

B 
988 	 Ballard Synergy 216 

Bapco 65 
1050 	Biosoft 4BIS40 
1023 	Borland International 22, 124 

Brilliant Color Cards 74 

c 
Cambridge 4BIS 3 

Neurodynamics 
Canon 11 4 
C D Associates 105 
CentraSoftware 31 
Chaplet 4BIS 1 9 
Chicony 4BIS 19 
Chips & Technologies 4BIS 1 9 
Cirus Logic 481S 19 
Cleve 4BIS 1 9 
Clickshare 42 
Clover Systems 1 05 

1066 Command Et Conquer 157 
1000 Comm Touch Software 21 B 

Compaq Computer 32, 4B, 
4BIS 19 

1051 ComponentSource 4BIS 36 
Computer Associates 74 

International 
1055 Contemporary 4BIS 37 

Software 
1040 	Controlware 4BIS 32 

Corel 105 
CPB Transac 4BIS 11 
Creative Digital 1 05 
Cyrix 26, 32, 4BIS 3 

D 
987 DacEasy 21 6 
1049 DataPath 32, 4BIS 37 
998 Data Translation 21 B 

DeTeBerkom 4BIS 7 
Diamond Multimedia 32 
DigiCash 40, 74, 481S 11 

1017 Digital Equipment 19, 36, 42, 
65, 74, 137, 223, 136NA 3 

Digital Research 4B 
995 DigitalStyle 217 

Disk/Trend 91 
1052 dl Soft 48IS 36 
1033 OTC Electronics 4BIS 31 

Dual Technology 4BIS 3, 
481S 19 

E 
1011 	 Eastman Kodak 99, 1 05, 220 

Elektroson 1 05 

Elitegroup 4BIS 3, 481S 1 9 
Elsa 32 
EMC 91 

1013 Encad 223 
999 Eos Systems 21 B 

Epson 114 
Europay 4BIS 11 
Evans & Sutherland 137 

F 
Farallon Computing 1 4 6 

1032 Fast Multimedia 32, 4BIS 31 
1045 First International 4BIS 3, 

Computer 4BIS 19, 4BIS 31 
First Virtual 74 

1003 Focus Enhancements 21 B 
Forte Technologies 224 

1034 Freecom Computer 4BIS 34 
Fujitsu 99 

1019 Fujitsu Personal 223 
Systems 

G 
The Gartner Group 136NA3 
Gateway 2000 27 

1041 G. Diehl ISDN 4BIS32 
Gemplus 4BIS 11 
Genesis 131 

996 Globalink 217 
1025 Gupta 124 
1002 Gyration 218 

H 
Harbinger 74 
Hercules 32 

1010 Hewlett-Packard 42, 91, 99, 
1 05, 114, 220, 4BIS 3, 

4BIS 19, 136NA 3 
Hitachi 4BIS 11 
Hobbit 20 

IBM 19, 32, 42, 53, 74, 91, 
4BIS 19, 136NA 3 

Ineat Systems 105 
lnContext Systems 22 
Innovative Software 32 
In-Stat 99 
Integral Peripheral 91 

1020 lntegraph Computer 223 
Systems 

1039 Integrated 4BIS 34 
Measurement Systems 

Intel 20, 26, 99, 
4BIS 3, 4BIS 11 

Intel-Taiwan 4BIS 19 
1072 Interplay Productions 157 
1071 Intuit 74, 157 
1073 Iomega 157 

Iona Technologies 27 

J 
Java 53 
JVC Information 1 05 

K 
Kapok 4BIS 19 

1063 KT Soft 4BIS40 

L 
1070 Lenticu lar Press 157 
994 Level Five Research 21 7 

Lexmark 11 4 
1053 Logic Programming 4BIS 36 

Associates 
Lundeen and Associates 131 

M 
Mark Twain Bank 74 

of St. Louis 

Market Intelligence 4BIS 19 
Center 

MasterCard 4BIS 11 
992 	 The Math Works 217 

Meridian Data 105 
Meta Ware 22 

997 MicroEdge 21B 
1004, Microplex Systems 21B 
1026 

Microsoft 22, 27, 31, 36, 4B, 
74, 124, 131 , 

137, 153, 136NA3 
1079 Microsoft Exchange 1 53 

MicroTouch 32 
Mips Technologies 20 
Mitac 4BIS 19 
Mobile 4BIS 11 

Communications 
Motorola 19, 59, 99, 4BIS 11 

1075 Motorola Information 146 
Systems Group 

N 
1001 	 Nakamichi America 21 B 

NASA BB 
National Semiconductor 99 
NEC 99, 4BIS 19 

976 	 NEC Technologies 66 
Net.Genesis 131 
NetPresenter 32 
Netscape 22,53, 74, 131 , 137 

1036 	Network Devices 4BIS 34 
1064 	Neuroforecaster 4BIS 3B 

Newer Technology 70 
Newlog 32 
Nokia Mobile Phones 32 
Novell 153 
NSM Jukebox 1 05 
Number Nine Visual 32 

Technologies 

0 
Oberon Microsystems 32 
Object Management 27 

Group 
Okidata 11 4 
OpenConnect Systems 53 
Optical Med ia 105 

990 	 Oracle 74, 217, 136NA 3 
Orchid 32 

p 
Pacific Comm Ware 146 

1018 Pacific Internet 223 
Palm Computing 32 

104 PAM Software 4BIS 32 
1062 Paragon Software 4BIS 40 
991 ParaSoft 21 7 
1007 Pentland Systems 220 

Philips Electronics 1 05 
Philips Smart 4BIS 11 

Cards &Systems 
Pinnacle Micro 22, 1 05 

1068 Pioneer New Media 105, 157 
Planning Sciences 4BIS 3 
Polaroid 99 

1022 Polywell Computers 65 
Postmodern Computing 27 

1024 Powersoft 124 
1014 Procom Technology 223 
986 ProModel 216 

Proxima 27 
PTITelecom 4BIS 11 

989 Puma Technology 216 

Q 
OLogic 65 
ONX Software Systems 31 
Ouarterdeck/StarNine 131 

1005 Quick Technology 21 B 

R 
1043 Radguard 4BIS 34 

Ricoh 20 
1037 Rosetta Laboratories 4BIS 32 

RSA Data Security 74 
1056 Rudlinger Engineering 4BIS 37 

RVS Datentechnik 32 

s 
SanDisk 99 
SAP America 74 
Sax Software 3 1 
SBT Internet Systems 74 
Schlumberger Smart 4BIS 11 

Cards 
Sharp 99 
Sheridan Software 36 

1012 Shinko Technologies 220 
1048 Siemens AG 4BIS 11 , 

4BIS 34 
Siemens Nixdori 32, 4BIS 3, 

4BIS31 
1069 Sierra Solutions 157 

Silicon Graphics 137 
Silicon Integrated 4BIS 1 9 

Systems 
1054 	Simtra AB 481S 40 

Simware 53 
Smart Storage 1 05 

1058 	Software Scientific 4BIS 3B 
Soliton Computing 1 05 
Sony Electronics 1 05 

993 	 SourceCraft 21 7 
Spyglass 31 
Star Division 32 
Sterling Software 74 

1042 	Stollmann E+V GmbH 4BIS 32 
1015 	Storage Dimensions 223 

Sun Microsystems 27, 40, 74 
SunSoft 27 
Sybase 74 
Symantec 22 

1067 Syquest 157 
1009 Sys Technology 220 

T 
1016 	Teac America 223 

Tektronix 32 
Telecom Finland 4BIS 7 

1038 	Terra Tee Electronic 4BIS 31 
Texas Instruments 4BIS 1 9 

1076 	3Com 146 
Toshiba 32, 99, 4BIS 19 
Twinhead 4BIS 19 

u 
UKRV 4BIS 7 
U.S. Robotics 146 

v 
1027 	VDOnet 69 

Veridata 4BIS 19 
Vierte Art 32 

1060 Virtual Media 481S3B 
Technology 

Visa International 4BIS 11 
1061 VIT Information 4BIS36 

Technology 

w 
Watcom' 22 
White Pine Software 69 
Workgroup Strategic 53 

x 
Xing Technology 69 

y 
Yamaha Systems 1 05 
Young Minds 1 05 

JS pages appear only in the International edition. NA pages appear only in the North America edition. 
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to the Int12rnet ~ 


~~~-.._11/(J Give BIX a try with our new 5 for Free Offer ! Join BIXf e
(9,.... today and get 5 hours of evening and weekend access for free ! 

Take the rest of the ca lendar month to exp lore BI X, and then 

continu e for our standard $13 month ly membership f ee. ee Further deta il s and comp lete rate information are 

prov ided during registration. Using any communi cation s 

prog ram, dial 1-800 -695-4882. At the " logon" prompt enter bix. 

Th en at the "name?" prompt enter b ix.byte39. If you have any 

questions, ca ll us at 1-800-695-4775 (voice) . Or fax us at 617-49 1-6642. 

Send Intern et mail to info@bix.com. Windows use rs ca n o rder BIXnav, our graph ical 

interface for BIX, for easy point and cli ck access. Detail s are ava il ab le during registration . 

Under the 5 for Free plan . daytime rates (S9/hr.) apply for access during pr ime time hours . The 5 for Free offer is valid for t1rst-t1me members only. 

Circle 450 on Inquiry Card . 

The Internet connects you with 

more than 10 million people, at 

universities, companies, and other 

online services. Now, get full access 

to the Internet free of charge when 

you subscribe to BIX! You'll also 

get expert assistance from BIX 

moderators who can help you find 

your way around the Internet. 

These experts can guide you through 

th e many services and features 

available, and he lp you find the 

information you're looking for. 

Anytime you need help, just join our 

special 'internet' conference and get 

fast answers to your quest ions. 

As you become more familiar with the 

Internet. you' ll be able to download 

fi les from all over the world using FTP, 

connect to other sites and services 

through telnet. read and reply to 

Usenet Newsgroups, access uti lities 

like finger and whois, and much morel 

B IX and the Internet together provide 

the largest and most effective technical 

resource for computing professionals. 

And w ith over 600 local access 

numbers in the U.S., plus telnet access 

via the Internet. BIX makes it easy to 

connect. Try BIX today through our 

special 5 for Free offer - and become 

part of the top techn ica l team ! 

EIX 
If you caH hack it 

mailto:info@bix.com


~ 
;~

,~ 
1 \\I 

·Multimedia 

f14:uW= 
•O...@.........Ol'ir.UIUl<ln 

•llrJoioi-'s.rp," 
<ODl~lll'l"·-•tJllitJttodio.

'*"''"'\°"".......
j ._~= 

Everything Yo u 
A1waysWan1ed 
To Know About 

CO-ROM and More! 

PEAK PERFORMANCE IS 
THE NAME OF THE GAMY 
The name ofthe book to get you there is the 

,YTE Guide to 
, timizing Windows 95 

Don't let Windows 95 run your life. With the 

,~I 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 


'I 'Iii ·Installing Windows 95
:1,~w 
'' •The Internet 

·Handling old Windows and DOS applications 

·Networking with Windows 

•Troubleshooting ... andmuch 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 Heil born
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 $29.95 USA 
$39.95 USA ISBN: 0-07-882174-6 
ISBN: 0-07-882104-5 

'$2,DsBDRNEi'ii~ 	 Available now at your local book and computer stores 1\ Division o{T!icMcGraw-Hill Companies 

http://www.osborne.com 	 or call 1-800-822-8158 and use your American Express, 
VISA, Discover, or MasterCard.ICODE=SF36BYLI 

~uiae to 

OPllilMl~ING 
WINDOWS 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
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ARIZONA 
Tempe 
Computer Library 

PH:602-820-04S8 


CALIFORNIA 
Capitola 
Capitola Book Cafe 
PH:408-462-441S 
FAX: 408-462-2S36 

Cupertino 
AClean Well Lighted Place 
PH :408-2SS-7600 

Stacey's Professional 
Bookstore 
PH:408-2S3-7521 
FAX: 408-2S3-S861 

Irvine 
IrvineSci-Tech Books 
PH: 714-733-1002 
FAX: 714-733-0122 

Los Angeles 
OPAMP Technical Books 
PH: 800-464-4322 
FAX:213-464-0977 

Menlo Park 
Kepler's Books & 
Magazines 
PH: 41S-324-4321 

Mountain View 
Tower Books 
PH:41S-941-7300 

Palo Afro 
Stacey's Professional 
Bookstore 
PH:415-326-0681 
FAX:41 S-326-0693 

Sacramento 
Tower Books 
2S38 Watt Aven ue 
PH: 916-481-6600 

San Diego 
San Diego Technical 
Book, Inc. 
PH:800-346-0071 
FA X: 619-279-S088 

San lose 
Computer Literacy 
Bookshops 
PH:408-43 S-1118 
EMAIL: info@clbooks.com 

San Luis Obispo 
El Corral Bookstore 
CALPoly SLO 
PH: 80S-7S6-11 01 
FAX: 80S-7S6-S3S1 

Santa Barbara 
Earthl ing Bookshop 
PH:80S-96S-0926 

Stanford 
Stanford Bookstore 
Stanford University 
PH:800-533-2670 

COLORADO 
Boulder 
Biblio Tek 
PH:303-443-7037 

Colorado Springs 
McKinzey-White 
Bookse llers 
PH: 719-S90-1700 
FAX: 719-S31-7631 

Denver 
Auraria Book Center 
PH 303-SS6-3230 

Tattered Cover Bookstore 
PH 303-322-7727 

Englewood 
Softp ro Books 
PH:303-740-7751 
FA X: 303-740-81 S2 

DELAWARE 
Newark 
Universi ty Bookstore 
Uni versity of Delaware 
PH: 302-831-2637 

GEORGIA 
Ar/onto 
Engin eers Bookstore 
PH:404-221-1669 
FAX: 404-221-111 9 

HAWAII 
Honolulu 
Honolulu Book Shops 
PH:808-S36-9S12 
FAX: 808-S38-7S80 

IDAHO 
Moscow 
University of Idaho 
Bookstore 
University of Idaho 
PH:208-88S-6469 

IOWA 
Ames 
Iowa State University 
Book Store 
PH:S1 S-294-S684 
FAX: S1S-294-S669 

MARYLAND 
College Park 
UniversityBook Center 
Universityof Maryland 
PH:301-3 14-78SS 
FA X: 301-403-8326 

MASSACHUSETTS 
Boston 
Waterstone's Booksellers 
PH: 617-859-7300 
FAX: 617-437-0997 

Cambridge 
Ha rva rd/Co-Operative 
Society 
PH: 617-499-2000 
FAX:617-868-7038 

Wordsworth Books 
PH: 617-498-0080 
FAX: 617-3S4-4674 

Worcester 
Tatnuck Bookseller/ 
Data books 
PH:800-642-66S7 
FAX: S08-7S6-942S 

MINNESOTA 
Minneapolis 
Baxter's Books 
PH: 612-339-4922 
PH:800-626-1049 
FA X: 612-339-6134 
EMAIL: 
tombaxter@aol.com 

NEBRASKA 
Lincoln 
Nebraska Bookstore 
PH 402-476-0111 
FAX402-476-0111 

NEW JERSEY 
Newark 
Newark Book Center 
PH:201-642-79S6 
FAX: 201-642-334S 

Princeton 
Princeton UniversityStore 
PH:609-921-8SOO 
FAX: 609-924-96S1 

NEW YORK 
Blasdell 
Village Green Bookstore 
PH: 716-827-S89S 
FA X: 716-827-S898 

Fairport 
Village Green Bookstore 
PH:716-42S-79SO 
FAX: 716-42S-4968 

New York 
Barnes&Noble #200 
PH: 212-807-0099 

Classic Bookstore 
PH: 212-466-0668 
FAX: 212-466-0363 

Computer Book Works 
PH: 212-38S-1616 
FAX: 212-38S-8193 

McGraw-Hill Bookstore 
PH:212-Sl 2-4100 
FAX: 212-S12-41 0S 

Tower Books 
PH: 212 -228-S lOO 
FAX: 212-228-5338 

Rochester 
Total Information,Inc. 
PH:716-2S4-0628 
FAX:716-2S4-01S3 

World Wide News 
PH:716-S46-7146 

NORTH CAROLINA 
Chapel Hill 
Bull's Head Bookshop 
PH:919-962-5060 
FAX:919-962-7392 

OHIO 
Cincinnati 
University of Cincinnati 
Bookstore 
PH: 513-SS6-1800 
FAX:513-SS6-SS5S 

Dayton 
Books &Co. 
PH:513-298-6S40 
FAX: 513-298-789S 

Wilkie's South 
PH:513-434-8821 

Kent 
Kent State University 
Bookstore 
PH:216-672-2762 
FAX: 216-672-37S8 

Lima 
Readmore's Hallmark 
2100 Harding Hwy 
PH: 419-229-2601 

OREGON 
Beaverton 
Book Vault 
PH :S03-646-8119 
FAX:S03-646-44S9 

Corvallis 
OregonState University 
Bookstore 
PH :S03-737-4323 
FAX: S03-737-339S 

Portland 
Portla nd State Bookstore 
PH:S03-226-2631 
FAX: S03-72S-3800 

TowerBooks 
PH: S03-2S3-3116 
FAX: S03-2S3-4189 

PENNSYLVANIA 
Edwardsville 
Village Green Bookstore 
PH: 717-283-9340 
FAX: 717-283-9367 

King ofPrussia 
Gene's Books,Inc. 
PH: 610-26S -6210 
FAX: 610-26S-6260 
EMAIL: 
genesl@neta xs.com 

Philadelphia 
Tower Books 
PH:21S-92S-9909 
FAX: 21S-923-S969 

Pittsburgh 
Ca rn egie Mellon 
University Shoppe 
PH: 412-268-2966 
FAX:412-268-S592 

West Chester 
Chester County Book 
Company 
PH:610-696-1661 
FAX:610-429-9006 

TENNESSEE 
Knoxville 
University Book & 
Supply Store 
University ofTen ne ssee 
PH:61S-974-1049 

TEXAS 
Arlington 
UniversityBookstore 
University ofTexas 
Arl ington 
PH: 817-273-278S 

Dallas 
Major's ScientificBooks 
PH: 214-631-4478 

Denton 
University Bookstore 
Universityof North Texas 
PH: 817-S6S-2S92 

Houston 
Major's ScientificBooks 
PH: 713-S22-1361 
FAX:713-S24-S860 

VIRGINIA 
Blacksburg 
VolumeII Bookstore, 
Virgi nia Tech 
PH: 703-231-S991 
FAX:703-231 -7786 

WASHINGTON 
Bellevue 
Tower Books 
PH: 206-4S1-1110 
FAX: 206-4S4-04S3 

Bellingham 
Students Cooperative 
PH: 206-6S0-39S8 

Seorrle 
Elliot BayBook Co. 
PH:206-624-6600 
FAX:206-343-9SS8 

University Bookstore 
PH: 206-634-3400 
FAX:206-634-0810 

WASHINGTON OC 
Washington DC 
Reiter's Scientific & 
Professional Books 
PH:800-537-4314 
FAX: 202-296-9103 

WISCONSIN 
Milwaukee 
Harry W.Schwartz 
Books hop 
PH:414-274-6400 
PH: 800-236-7323 
FAX:414-274-6408 

KEY=SF65BYL 
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Business 

Accounting and Payroll 
for Windows 95,3.1, 
and NT 

DESIGNED FOR BUSINESSES WITH ONE TO 50 

employees, DacEasy Accounting & 
Payroll 95 ($149.95) features a cus­

tomizable in terface, six integrated 

help systems, modifiable invoices 

for service - and inventory-based 

com pani es, multilevel sec urity, 

more than 100 business templates, 

a report designer, commun ications 

tools, and a payro ll module. New 

features include an audit-tra il dri ll ­

down, credit-card processing, auto­

mati c error correcti on in posting 

routines, LIFO invento ry contro l, 

multiple prices and discounts, con­

tra entries, fixed assets, mul t iple 

compa ny conso lid at ion , globa l 

changes, reorder notification, and 

importing capabili t ies. 

Contact: DacEasy, Inc., Dallas, 
TX, (800) 322-3279 or (214) 
248-0205; www.daceasy.com. 
Circle 987 on Inquiry Card. 

Connectivity 

Virtual CD-ROM 
Drives over a LAN 

Now NETWORK AND REMOTE USERS CAN 

share CD-ROM-based information 

simultaneously without actua lly 

having a CD-ROM drive on their 

PCs. Th e d-Time Office program 

($500 for 20 users) stores fre­

quently used CD-ROM information 

Available Titles: 

d-Time Office 
King James Bible 
PhoneDisc Powerfinder 
Sherlock Holmes 

Monday, March 11, 1996 

Gal l 

~. : ~ : 
Suppo Rep 2'' , , 

• ~ • 
', 

ProcessModel 
$695 

Circle 986 

Orem, UT 

(801) 223-4600 

www.processmodel.com 

on Inquiry Card. 
ProModel Corp. 

AFriendly Face for Reengineering 

C ompanies dedicated to continuous process improvement should 
investigate PrncessModel, a Windows 95 application for 

reenginering your business. The program combines a simulation 
engine from ProModel (Orem, UT), a vendor of simulation software 

for manufacturing, and the user-friendly flowcharting interface of 
Micrografx ABC FlowCharter. The result is an easy-to-use program 
that lets you model an environment's processes (including such 
things as cost·of goods and employee labor per hour) and then 
run a simulation that uses live animation. You can also compare dif­
ferent scenarios to predict the effect of a process change. 

I found ProcessModel's interface (see the screen) easy to learn. 
As you create the model, you fill in a series of tabbed dialog boxes 
that assign resource costs to various activities. Within minutes, I cre­
ated a working model of a typical work-flow scenario and ran a sim­
ulation. ProcessModel's simulation engine lets you view more than 
blinking boxes: You see actual objects flowing through the system. I 
then viewed the simulation results in a variety of reports and charts 
that showed me potential bottlenecks. 

ProcessModel should be a boon to those who want to evaluate 
new ways to reduce costs or improve efficiency. My only concern is 
that the high cost of ProcessModel ($695) may keep the program 
off some desks. - Dave Andrews 

in an "acceleration file" that's stored 

on your hard disk instead of con­

stantly accessing information from 

a netwo rk CD- ROM drive. In this 

way, the program allows an entire 

office to use a single CD-ROM drive 

via the network. For DOS, Windows, 

and the Mac, ct-Time Office enables 

you to repl ace the information 

stored in your acceleration file as 

well as increase the acceleration 

fil e's size. 

Contact: Ballard Synergy, 
Silverdale, WA, (800) 754­
1204 or (206) 656-8070; 
www.ballardsynergy.com. 
Circle 988 on Inquiry Card. 

Infrared Data­
Exchange Software 

TRANXIT PRO LETS MOBILE AND DESKTOP 

PC users sea mlessly and wirelessly 

synchronize, print, and transfer files 

and data across diverse OSes and 

hardware pl atfo rms in real time. 

The product is available both as 

a softwa re -only package ($99.95) 

for users needing IR co nn ection 

between systems that are IR­

enabled and as a TranXit Pro Con­

nect ivity Kit ($ 129.95), which in­

cludes an IR se ri al adapter an d 

software , for those who have an 

JR-enab led notebook but whose 

desktop is not IR-enabled. 

Contact: Puma Technology, 
San jose, CA, (800) 774-7862 
or (408) 321 -7650; 
www.pumatech.com. 
Circle 989 on Inquiry Card. 
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Software 

We 're tieeing lot6 ot product6 tor the Web. Thi6 month'6 lin eup inc lude6 a program that let6you tran6 late 

international-language Web 6ite6, plu6 program6 that help you create, manage, 6earch, and 6tylize Web 6ite6. 

Programming 

Reuse and Share 
OLAP Objects 

A COMPANION PRODUCT TO THE ORACLE 

Express Ana lyzer object-oriented 
data -ana lys is tool ($S9S), Oracle 

Express Objects ($399 S) enab les 
you to reuse and share OLAP ob­

jects, such as tables, graphs, mod­
els, and data -mining cr iter ia, in 

your app lications. Oracle Express 
Obj ects includes inl1 eritance, en­

capsu lation, and polymorphism ca­

pabil ities; multidimensional data­

aware controls; event-driven and 
visual programming; Windows 
contro ls; menu and too l bar cus­

tomization; a co lor-coded source 
editor; interactive debugging ;and 

support for OLE 2.0 and OCXes. 
Contact: Oracle Corp., 
Waltham, MA, (800) 672-2531 
or (617) 768-5600; WWW 

.oracle.com. 
Circle 990 on Inquiry Card. 

Streamline Error 
Detection 

AVAILABLE FOR UNIXAND WINDOWS NT 

and 9S, CodeWizard ($999) reads 

your code and automatica lly re­

ports any rule violations, specify­
ing the filen ame, the line number 

a Base: violation of iteM 

a Base: violation of !tell 

Jilsieht: InstnMntins "lhi 

~ Ull.ISED_YAR<ass! gned) 

in which the vio lation occurs, the 
rule that you violated, and an ex­
planation of the violat ion. In ad ­
dition, yo u ca n ada pt CodeWiz­
ard to lea rn yo ur preferred rul es. 

Contact: ParaSoft Corp., Mon­
rovia, CA, (818) 305-0041; 
www.parasoft.com. 
Circle 991 on Inquiry Card. 

Science 

Partial Differential 
Equation Toolbox 

AN ADD-ON TO MATLAB 4.2C, PARTIAL 
Differentia l Equation (PDE) Tool­

box enablesyou to model andsolve 

elliptic, parabolic, hyperbo li c, an d 
eigenva luePD Es. Theprogram steps 

you through defin ing the 2-D ge­
ometry, sett ing bound ary co ndi­
tions, se lect ing the typ e of PDE, 

so lving the PDE, an ddisplaying the 
resu lts. Th eToolbox (from $S9S) is 
avai lable for Windows-based PCs, 

Macintosh systems,and Unix-based 

workstations. 
Contact: The Math Works, Inc. , 
Natick, MA, (508) 647-7000; 
www.mathworks.com. 
Circle 992 on Inquiry Card. 

The Web 

Create Intranet and 
WWW Applications 

AVAILABLE FOR WINDOWS 3.X, 9S, AND 
NT. t he NetCraft and ObjectCraft 
programs help you construct reus­

able intranetand Web applications. 
NetCraft ($99S). a browser/server 
tool, gen erates Java source code 
optimized for building platfo rm­
independent i nt ranet applications 
that you can deploy t hroughout an 
enterp ri se. ObjectCraft ($ 199S), a 
client/server development environ­
me nt, generates Visual C++ source 
cod e th at ensures app li cation 
portability, sca labi li ty, and OLE and 
OCX compliance. 

MAR-1290 Rec.C-. 
MAR-1990 Rec.C-. 
XA·2300 ROC.C-. 
MAR·319'.1 Rec.C-. 
KS.flX165 Rec.c-. 
KAC·2ln> Rec.C-. 
Seattle Rec+Cam 
KS-A470 Rec.C-. 

Contact: SourceCraft, Inc., 
Burlington, MA, (800) 462­
5328 or (617) 221-5665; 
www.sourcecraft.com. 
Circle 993 on Inquiry Card. 

Search Relational 
Databases on the Web 

WORKING WITH SQL DBMS DATA 
sources and Web HTTP servers, Lev­
e IS Qu est Server ($499S) all ows 

visitors to your Web site to perform 
a sea rch and receive their search 

information ranked and scored ac­

co rding to their prefe rences. The 
Quest Server provides you with cus­
tomer-interest profiles by tracking 

what visitors select as sea rch tar­
gets and what t hey in dicate as 

important. The Levels Quest Work­
stat ion ($49S), a Windows appli­
cation, contro ls and maintains 
database connectiv ity, f uzzy­

search-enginesettings,and search­

results-formatting sett ings. 

Contact: Level Five Research, 
Melbourne, FL, (800) 444­
4303 or (407) 729-6004; 
www.15r.com. 
Circle 994 on Inquiry Card. 

Create and Manage 
Your Web Site's Style 

WITH WEBSUITE'S INTEGRATED TOOLS,YOU 
can create attent ion-grabb ing , 
stylist ica lly consistent Web pages 
that support your business objec­
tives. WebSuite's core consists of 
five integrated tools- the Compo­
nent Catalog, Style Groups, the 

Component Editor, t he Image Man­

ager, and the Load Manager. The 
program (Starter Editi on, $199; 
Sta nd ard Editi on, $299; Designer 
Edition, $S29) complements HTML 
ed itors, such as Microsoft Front­

Page and Netscape Navigator Gold, 
which you use to create Web con­

tent and structure. Th e package 

sup ports over 1 S major graphics file 
formats and runs under Windows 

3. 1, 9S, and NT and Windows fo r 
Workgroups 3. 11 . 

Contact: Digita/Style Corp., 
San Diego, CA, (800) 388­
7895 or (61 9) 673-5050; 
www.digitalstyle.com. 
Circle 995 on Inquiry Card. 

Translate International­
Language Web Sites 

Now YOU CAN TRANSLATE THE CONTENTS 

ofsites on the lnternetthatare cur­
rently wr itten in Spanish, French, 

or German into English, orvicever­

sa,just by clicking a button on you r 
Web-browser software. Web Trans­
lator (about $49.95). which runs 

under Windows3. 1 or95 and works 
with Netsca pe Navigator 2.0, en­
abl es you to create translations 
on -line or whi le surfing, or, alter­
natively, download and save pages 
and then t ranslate and view them 
off- lin e. 
Contact: Globalink, Inc., 
Fairfax, VA, (800) 255-5660 
or (703) 273-5600; WWW 

.global ink.com. 
Circle 996 on Inquiry Card. 
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WHAT'S NEW HARDWARE 

SOFTWARE UPDATE 
The Visual SlickEdit for X Win­
dows graphical programming 

editor is compatible across Win­
dows 3.x, 95, and NT; OS/2; and 
X Window System platforms, 
including AIX RS/6000, HP-UX, 
Solaris-Sparc, Solaris-lntel, Sun 
OS, SGI lrix, Digital Unix, and 
Linu x. For most X platforms, 
$395 per user; for Linux, $195 
per user; for Windows-based 
platforms, $295 per use r; for 
OS/2, $219 per user. 
Contact: MicroEdge, Inc., 
Raleigh, NC, (800) 934­
3348 or (919) 83 1-0600; 
www.slickedit.com. 
Circle 997 on Inquiry Card. 

For developing test and mea­
surement applications, OT VEE 
3.2 adds Windows 95 support; 
more options for building cus­
tom instrument panels, data dis­
plays, and controls; rea l-time 
hardware control; and easy con­
nectivity to HP-IB andVXI inter­
faces. $1290. 
Contact: Data Translation, 
Marlborough, MA, (800) 
525-8528 or (508) 481­
3700; www.datx.com/. 
Circle 998 on Inquiry Card. 

You can create virtual objects 
with photo-mapped surfaces 
and export3-D models that you 
generate with PhotoModeler 
2.1 in VRML format. US$795. 
Contact: Eos Systems, Inc., 
Vancouver, British Coli11n­
bia, Canada, (604) 732 ­
6658; www.wimsey.com/ 

PhotoModefer/. 

Circle 999 on Inquiry Card. 


A TCP/IP mail client, Pronto96 
3.0 includes a sound-recorder 
icon that records voice messages 
as Windows 95 or NT voice files 
and then sends them as e-mail 
attachments using the MIME 
format. $69. 
Contact: CommTouch Sofr­
ware, Inc., Sunnyvale, CA, 
(408) 245-8682; 
www.commtouch.com. 
Circle 1000 on Inquiry Card. 

HARDWARE 

Accessories 

Compact Audio 
Speaker System 

BOTH PC- AND MAC-COMPATIBLE, THE 
SP-3d ($199) incorporatesSRS Labs' 
SRS 3-D stereo technology, which 
creates a panoramic, 3-D sound 
experience with no centered lis­
tening position. The se lf-powered , 
bi-amplified system features two 
ultracompact, lightweightsatelli te 
speakers and asubwoofer. All three 
components are driven by separate 
power amp li f iers and have vibra­

tion-isolated circu itry. You can place 
the magnetically shielded , ang le­
adj ustab le speakers on most sur­
faces, in cluding the sides of video 
monitors. 
Con.tact: Nakmnichi America 
Corp., Torrance, CA, (310) 
538-8150; WWW 

.nakamichi-corp.com. 
Circle 1001 on Inquiry Card. 

Flexible Pointing 
Device 

THE GYROPOINT DESK ($149) OFFERS 
standa rd on-the-desk mouse fea­
tures and, using two gyroscopes 
inside to sense motion, also allows 
you to pick up the device and t hen 
move your wrist in t he direction 
t hat you want to move the cursor: 
up, down, left, right, or diagonally. 
The pointing device is compat ible 
with Windows 3.x, NT, and 95 and 
Apple Macintosh and Powe rPC 
computers. 
Contact: Gyration, Inc., 
Saratoga, CA, (800) 316­
5432 or (408) 255-3016; 
www.gyration.com. 
Circle 1002 on Inquiry Card. 

Display Computer 
Images on TVs 

A POCKET-SIZE SCAN CONVERTER, THE PC 
Micro Presenter ($149) lets you dis­
play images from a desktop or lap­
top PC on any size TV. Four micro­
touch buttons let you manipulate 

t he compute r im age on th e TV 
screen , so ful l windows, tool bars, 
and other functions are visibl e. The 
PC Micro Presenter supports up to 
16.7 million (24-bit) colors, con­
nects to the PC's video port, and is 
compatible with NTSC and PAL TV 
standards. 
Contact: Focus Enhancements, 
Inc., Woburn, MA, (617) 938­
8088; w1.uw.shore. net!-focus. 
Circle 1003 on Inquiry Card. 

Connectivity 

Multiprotocol 
Ethernet Print Servers 

SINGLE-PARALLEL-PORT PRINT SERVERS,THE 
M205 for 10Base-T and the M206 
for lOBase-2 (US$375 each) sup­
port up to 500 wo rkstat ions. You 
can manage them via SNMP, sim­
ple telnet, or NPWIN, Microplex's 
Windows-based GUI manager, and 
preconfigure multipl e virtual­
printer destinations to perform 
ASCII-to-Postscript conversion and 
font or tray select ion. Monitoring 
and status reporting via SNMP and 
SMTP e-ma il provide information 
for print queues, error conditions, 
off- line, and paper out. 
Contact: Microplex Systems, 
Ltd., Burnaby, British Colum­
bia, Canada, (800) 665-7798 

or (604) 444-4232; 
www.microplex.com. 
Circle 1004 on Inquiry Card. 

Point-to-Point 
Infrared 
Communications 

TH ESJDEPOINT 3000 ENABLES YOU TO 
transfer files and data between 
desktop PCs and peripherals up to 
9 feet apart without a physical 
cable connection. The device ($89) 
provides wireless serial infrared 
communications at data rates of 
19.2,38.4, 57 .6, and 115.2 Kbps. 
Contact: Quick Technology 
Corp. , Tustin, CA, (800) 950­
8999 or (714) 258-4500; 
quick8@ix.netcom.com. 
Circle 1005 on Inquiry Card. 

28.8 Modem/ 
Sound Card 

COMMANDO ($249) COMBINES THE FUNC­
tions of a 28.8-Kbps V.34 fax mo­
dem, a wave-table sound card, a 
fu 11-d uplex spea kerphone, a voice­
ma ii answering system, and fax on 
demand on a full-size ISAbus card. 
You can have a conversation and 
exchange information during the 
same phone ca ll, discuss document 
editswhile making changes on-line, 
update spreadsheets, and play in­
teractive modem games, all over 
the same phone line. 
Con.tact: Amquest Corp., 
Lancaste1; PA, (800) 577-3335 
or (717) 569-8030. 
Circle 1006 on Inquiry Card. 

Data Acquisition 

Interchangeable Data 
Acquisition Subsystems 

CONSISTING OF AVME MOTHERBOARD, 

interchangeab le daughtercards, 
and a range of front-panel data­
interface modules, the VGX family 
of products (fro m under $5000) 
offers data acquisition solutions for 
most environments. The daughter­
ca rd s, called the VGD 1, VGD 2, VGD 
3, andVGD 4, providetwo, 16, eight, 
and 96 channels ofA/D conversion, 
respectively, at rates up to 30 MHz, 
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IF you develop MUL JMI fA technology, 
you're sure to have the kinds of problems that only 
NSTL testing can help you solve. 

Solutions that will help you to lower technical support 
costs, avoid unexpected incompatibilities and unfulfilled 
expectations and achieve and/or confirm higher levels of 
graphic and audio performance. 

In other words, NST~s independent testing 
helps you to repeal Murphy's Law. 

So, if you want to improve your market­
ing, enhance your product designs, 
sharpen your competitive edge ... and 
make sure your products do, in fact, 
live up to all your advertising claims ... 
and all your customers' expectations 
... come to NSTL. 

THE LATEST METHODOLOGIES 

THE SAVVIEST ENGINEERS 


Our state-of-the-art multimedia testing laboratory- one 
of 18 controlled-access labs - is dedicated to testing func­
tionality, compatibility, performance, and usability across 
multiple platforms. In fact, no multimedia test suite is as 
comprehensive as ours. And our street-savvy testing en­
gineers know how to find problems you never knew you 
had ... before your customers find them. 

CUSTOMIZED TESTING WITH 

PLUG-IN, PLUG-OUT EASE 


We have Macs, all of the popular desktop PCs, multimedia 
notebooks, 2x to Bx internal and external CD-ROM drives, 
VESA and PCI video, SCSI, IDE and PCMCIA controllers, 
MPEG, and a Brobdingnagian library of CD-ROM titles. 

So, we can test at any stage of product develop­
ment on dozens of configurations with plug-in, 
plug-out ease. And world-class accuracy and relia­
bility. Quickly. Hassle free. 

That's because at NSTL everything is up and run­
ning. Ready to be configured to duplicate your 
environment and solve your problems. At a 
moment's notice. 

"NSTL can test our [multimedia] 
programs on very short notice and with 

quick turnaround. And they've 
uncovered problems that we didn't 
catch after our own inhouse testing. 
Their understanding of multimedia 
technology and the end-user market 
have helped us deliver stronger bug­
free programs." David Harmon, 
Manager of Technology and 
Development Support, Dis­
covery Channel Multimedia. 

Now it's your turn ... 
Build customer confidence. Sharpen your 

competitive edge. Let customers know that your 
products have passed rigorous, independent tests 
that verify their "as advertised" compatibility and 
functionality. 

CALL 1-800-220-NSTL to request 
our brochure or a proposal detailing the scope, pricing, 
and scheduling of confidential product testing services, 
and/or to arrange a tour of our laboratories. 

Do it right naw and we'll send you 

a FREE copy of the PC Digest issue 


on multimedia notebooks. 

No risk. No obligation. 


NATIONAL SOFTWARE TESTING LABORATORIES 
A Unit of Datapro Information Services Group 

A Division of The McGraw-Hill Companies 


625 Ridge Pike, Building D, Conshohocken, Pennsylvania 19428 610-941-9600 FAX: 610-941-9952 

e-mail info@nstl.com World Wide Web http://www.nstl.com 


Circle 136 on Inquiry Card. 
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WHAT'S NEW IHARDWARE 

3.7S MHz, 1.S MHz, and 80 kHz, Dat a Acquisition 
respectively. for Windows 
Contact: Pentland Systems, 

Ltd., Plano, TX, (800) 5 17- AVAILABLE WITH 16-BIT ANALOG INPUTS 


9343 or (214) 517-9343; and outputs, the S803HR data ac­


www.linnet. co.uk/linnet/ quisition board comes with Win­


pent/and/index.html. dows-specific hardware features, 

Circle 1007 on Inquiry Card. such as dual and interrupt DMA; a 


- ­
e I V ..,...... 

Performance C166+ Sys Technology, Inc. 

with Cyrix P166+ or Cypress, CA 
Performance P166T with 166­ (800) 613-9963 
MHz Pentium with 16 MB of (714) 821-3900 

RAM, $z669; with 32 MB, $3119 fax : (714) 821-9592 
Circle 1009 on Inquiry Card. www.systechnology.com 

Pentium Performance from Cyrix's P166+ 

For the same price, Sys Technology offers two identical systems 
with a choice of CPUs-aCyrix 133-MHz P166+ora 166-MHz 

Pentium. We swapped the CPUs on the Asustek P/l-P55TP4XE 
motherboard in and out of one system and ran the BYTEmark 2.0 
and BAPCO SYSmark benchmarks. Both systems came with 32 
MB of 60-ns EDO RAM. 

The BYTEmark is a CPU/FPU test, and the Cyrix-based system 
posted an integer score of 1.76,just 3 percent slower than the Pen­
tium's 1.81 score. Its floating-point performance ofO.78 was 57 per­
cent less than the Pentium's 1.81 score. If your work involves FPU­
intensive applications, such as 3-D graphics, go with the Pentium. 
On BAPCO's SYSmark 95 for Windows 3.1 , the Cyrix score of 
541 .62 lagged behind the Pentium's 543.14 by 3 percent. How­
ever, its SYSmark NT score of 332 was faster than the Pentium's 
307 by 8 percent. 

The Cyrix P166+'s architecture includes a fully compatible x86 
instruction set, two seven-stage pipelines (versus the Pentium's two 
five-stage integer pipelines), register renaming, multibranch pre­
diction with speculative execution, and out-of-order execution. 
Depending on the applications that you run, the Cyrix 133-MHz 
P166+ delivers 166-MHz Pentium performance. 

-Selinda Chiquione 

1024-word ADC FIFO; on-board 

RAM for channel-gain liststorage; 
programmabl e gain of 1, 2, 4, and 
8 ($99S) or 1, 10, 100, and SOO 

($109S); multiple triggering modes; 
40 digital 1/0 lines; and a 16-bit ISA 
interface. Theincluded Direct View 

for Windows software performs 

high-speed data co llection, display, 
and streaming to disk. 
Contact: American Data 
Acquisition Corp., Woburn, 
MA, (800) 648-6589 or (617) 
935-3200; www.adac.com. 
Circle 1008 on Inquiry Card. 

Printers 

HP PCL 6 LaserJet Ss 

THE HP LASERJET S ($1629). SN 
($1929). and SM ($2229) com e 
with HP PCL 6, which provides 

faster graphics printing, improved 
gray-sca ling, new font-synthesis 

technology, and backward com ­

patibility. Designed for workgroups 

of up to 10 users, the 12-ppm, 600­
dpi LaserJ et Sprinters include a 
33-MHz i960JF RISC processor; 2­
or 4-MB flash- memory modul es 

for storing forms, fonts, and sig ­
natures; a new control panel; a job­

cancel button; paper- level indica­

tors; and dual paper trays capable 
of handling 100 and 2SO sheets. 
Options in clud e an IR Connect 

infrared port, which lets you print 
by pl acing your !RDA-compatible 

portable device within about 3 feet 
of the printer; a third paper tray; 
duplex print ing; and apower enve­
lopefeeder. The LaserJet SN, which 
is network-ready for PCs in Ether­
net environments, comes with a 
10Base-Tcard and HP JetAdmin 

software. The LaserJet SM is for Mac 

environments. 


Contact: Hewlett-Packard Co., 

Santa Clara, CA, (800) 752 ­
0900 or call local HP dealer; 

www.hp.com. 

Circle 101 Oon Inquiry Card. 

Thermal-Dye Printers 

THE KODAK DIGITAL SCIENCE 86SO PRINT­
ers ca n produ ce ph oto-qu ality 

prints and transparencies and 

CMYK page-size proofs. Th e print ­
ers provid e fas ter transparency 

printing, a 10 percent to 1 S percen t 
increasein EtherTalk performance, 
aSO percent in crease in Novell and 

TCP/IP system ca pability, and mul­
tipl e image composi tion, whi ch 

enables you to designate theplace ­

mentof imagesoneach page. There 
are three versions of the 86SO, each 
of which can print in three colors 
or black only: a raste r-only device 

($899S) and two Postscript- com­

patibl e or raster printers, one with 

32 MB of memory ($999S) and one 
with 48 MB of memory ($10,79S), 

upgradabl e to 64 MB. 
Contact: Eastman Kodak Co., 
Rocheste1; NY, (800) 235­
63 25 or (716) 726-7260; 
www.kodak. com. 
Circle 1011 on Inquiry Card. 

Dye-Sublimation 
Color Printers 

THE COLORSTR EAM 11 DP AND COLOR­
Stream II DPL printers come with 

embedded Adobe Postscript Level 
2 support, an on-boa rd 33 -MH z 
AMD 29030 RISC processor, aS43­
MB internal harddrive, a resolution 

of300 by 300 dpi, and profession­

al color-matching software. TheDP 
($799S) ships with 16 MB ofRAM, 
upgradabl e to 128 MB, and can 
print full-bl eed Super A size at 9.4 
by 12.6 inches. Th e DPL ($14,99S) 
ships with 24 MB of RAM, also up­
gradabl e to 128 MB, and has th e 
ability to print full-bl eed Super B 
images up to 12.2 by18 inches with 
crop marks. 
Contact: Shinko Technologies, 
Inc., Hayward, CA, (800) 997­
4465 or (5 10) 441-11 75. 
Circle 1012 on Inquiry Card. 
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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! 
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Instant access to vendor press releases and 
white papers! Links to vendor web sites! 
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WHAT'S NEW HARD WAR E 

Large-Format 
Ink-Jet Printer 

WITH APRINTABLE WIDTH OF 49 '/i lNCHES 

and media lengths up to 300 feet, 
the NovaJet Pro 50 ($16,995; with 
optional RIP, $22,995) comes with 
a motorized media-feed and take­
up system, which winds finished 
images onto a separate spool. The 
optional NovaJet 50 RIP, a software 
raster-image processor in a hard ­
ware black box, features 32-bit 
processing, 32 MB of RAM, an 840­
MB internal hard drive, built-in col­
or calibration links via Color Solu­
tions' ColorBlind engine,and seven 
user-specified screening patterns, 
including stochastic screening for 
photo-realistic prints and fixed-dot 
random-pattern diffusion for detail 
and crispness. 
Contact: Encad, Inc., San 
Diego, CA, (800) 453-6223 
or (619) 452-0882; WWW 

.encad.com. 
Circle 1013 on Inquiry Card. 

Storage 

9-GB CD-ROM Array 

THE CD TowER- 14 ETHERNET SUBSYSTEM 
($7725) comes in a 14-drive enclo­
sure that Procom Technology can 
configure with four, seven, 10, or 

14 quad- or six-speed CD-ROM 
drives. The drives deliver an aver­
age seek time up to 100 ms and a 
susta ined data transfer rate up to 
1GBps. 
Contact: Procom Technology, 
Irvine, CA, (800) 800-8600 
ext. 414 or (714) 852-1000; 
www.procom.com. 
Circle 1014 on Inquiry Card. 

Dual-Controller RAID 
Storage for Midrange 
Sun Servers 

SUPPORTINGRAID LEVELS 0, 1, 0+ 1, 
and 5, th e SuperFlex 5000 (from 
$15,500) provides dual redundant 
controllers; battery-backed, mir­
rored cache, wh ich preserves cache 
contents for up to 48 hours; a dif­
ferent ial fast/wid e SCSI connector 
to the host; seven bays, eachcapa­
ble of housing a 3'/i-inch, 2- or 4­
GB, 7200-rpm drive module; and 
RAIDFl ex-D, an i960 RISC-based 
processor providing 4 to 32 MB of 
write-through or write-back cache. 
Contact: Storage Dimensions, 
Milpitas, CA, (408) 954-0710; 
www.storagedimensions.com. 
Circle 1015 on Inquiry Card. 

T ravan-Compatible 
Tape Drives 

THE TAPE8 00 (ABOUT $149) US ES 
Travan TR-1 minicartridge technol­
ogy to ach ieve acompressed capac­
ity of 800 MB, and the Tape1600 
(about $179)employs2-to-1 com­
pression ofTR-2 tape cartridges to 
achieve a compressed capacity of 
1.6 GB, or 800 MB uncompressed. 
Both internal drives feature a dual 
data transfer rate of 500 Kbps/1 
Mbps, a backup speed of up to 9.5 
MB per minute, and support for QIC 
standard/QIC wide tape formats. 
Contact: Teac America, Inc., 
Mo11tebello, CA, (213) 
726-0303. 
Circle 1016 on Inquiry Card. 

Systems 

333-MHz 
AlphaStation 

INCORPORATINGTHE64- BIT, 333 -MHz 
Alph a 21164 microprocessor, the 
AlphaStation 600 5/333 ($28,885) 
comes with 32 MB of memory, a 
17-inch color monitor, a 1-GB hard 

drive, 4 MB of fast cache, a ZLXp­
E1 graphics adapter, a floppy drive, 
a CD-ROM drive, aud io, a mouse, 
and a keyboard. The AlphaStation 

600 5/333 runs Windows NT, Digi­
tal Unix, and OpenVMS. 
Contact: Digital Equipment 
Corp., Maynard, MA, (800) 
842-7027; WWW 

.alphastation.digital.com. 
Circle 1017 on Inquiry Card. 

Plug-and-Play 
Internet Servers 

THE WEBCUBE SERIES P(FROM $7995) 
includes a 100-MHz Pentium CPU, 

32 to 128 MB of RAM, 2-GB SCSI 
disk and tape drives, aquad-speed 
CD-ROM drive, 32-bit PCI Ether­
net, SVGA video, 32 high-speed 
seria l ports, and a router (with CSU/ 
DSU) that supports Tl, fractional 
Tl, 56-KB, or frame-relay connec­
tions. The Series Palso comes with 
In ternet applications and utilities, 
incl udi ng TCP/IP, PPP/SLIP, and 
UUCP; Mail, FTP, News, te lnet, Web, 
gopher, and WAIS server software; 
and system accounting and BBS 
software. 
Contact: Pacific Internet, Cul­
ver City, CA, (800) 572 -2638 
or (310) 410-9700; WWW 

.pacnet.com/. 
Circle 1018 on Inquiry Card. 

100- MHz 486DX4 
Tablet PC 

WEIGHING JUST 3.4 POUNDS, THE FUJITSU 
Stylistic 1000 (from $2895) offers 
8 MB of DRAM, expandable to 24 
MB; a 260- or 340-MB hard drive; 

advanced power management ; a 
metal-tip stylus; standard periph­

era l ports; two stacked Type II PC 
Card slots and one Type Ill ATAslot; 
an infrared wire less adapter; 4 to 
6 hours of operation on a battery 
charge; Windows 95; and Microsoft 
Pen Services 2.0.The PC is available 
with a 7.8-inch DSTN color display, 
a 7 .9-i nch transmissive mono­
chromedisplay, or a 7.9-inch trans­
flective monochrome display. 
Contact: Fujitsu Personal 
Systems, Inc. , Santa Clara, 
CA, (800) 831-3183 or 
(408) 982-9500. 
Circle 1019 on Inquiry Card. 

Video 

CGl/Video Authoring 
Workstations 

Now YOU CAN CREATE, RENDER, AND VIEW 
computer-g enerated images (in­
cluding 3-D animations) and then 
generate digital Betaca m-quality 
video. Th e StudioZ CGl/Video Au­
thoring Workstation (from $27,095) 
also enables you to perform video 

.• 
. 

authoring, assemb ly, nonlin ear 
editing, and playback of your ani­
mated models, images, and ren­
dered sequences. StudioZ worksta­
tions come with 180-MHz (single 
configuration) and 200-MHz (dual­
and quad-configuration) Pentium 
Pro processors; 1- or 2-megapixe l 
screen resolutions; 64 or 128 MB 
ofRAM; 12, 24, or 34 MB of video 
memory; 8 or 32 MB of texture 
memory; a 2- or 4-GB hard drive; 
and a quad-speed CD-ROM drive. 
Con.tact: Intergraph Com­
puter Systems, Huntsville, 
AL, (800) 763-0242 or (205) 
730-2000; www.intergraph 
.com/ics. 
Circle 1020 on Inquiry Card. 
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Recently, Stephen Taylor of North Carolina 
accidentally backed his car over his Dell Latitude 
XPi notebook. Don't ask. These things happen. 

Designed for But as amazing::::=•11 
 as it may seem, 
~:::al his Dell Latitude..........
···--ii • b kb d . Microsoft• note oo oote 

P.~r!\1 HIJ1 Windows"95 up immediately 

and sustained only minor damage. Which all 
leads to the moral of this incredible story: if 
you really want a notebook that can stand 
up to the daily rigors of the real world, get a 
Del I Latitu de. 

Because not only are Dell Latitude notebooks 
powerful and affordable. They also seem to be 
virtua lly indestructible. 

800-545-3821 
In Canada~ call 800-839-0148 

Mon-Fri 7am-9pm CT • Sat 10am -6pm CT 

Sun 12pm -5pm CT • http://wwwdell.com/ 
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• Mini Tower Model 

• 32MBEDD Memory 
• 256KB Internal L2 Cache 

• 2.5GBHard Drive l10.5msj 
• 17LS Monitor ( 15.7" v.i.s.) 

• 9FX Motion Graphics Accelerator 
wi th 2MB VRAM 

• 8X Mult i-session EIDECD-ROM Drive 
• MS Office Profess ional with 

Bookshelf for Windows 95 (NF.I.) 
• Microsoft Windows NT'"/30 Days 

Free Support / MS Mouse 

• 3 Year Limited Warranty' 

* Upgrade to 1year of Windows NT 
support for only S149 more. 

* Upgrade to 64MB of EDO memory 
for only $899 more. 

$3599 
Business Lease0: $1 30/Mo. 
OrderCode#500257 

• Mini Tower Model 
• 16MB EDD Memory 

• 512KB Pipeline Burst Cache 
• 2.5G8 Hard Drive [105msl 
• 17LS Monitor (157" v.i s. ) 

• 9FX Motion Graphics Accelerator 
wi th 2MB VRAM 

• 6X Multi-sess ion EIDE CD-ROM Drive 
• MS Office Professional with 

Bookshelf for Windows 95 

• AWE32 Wave Table Sound Card 
• Altec Lansing ACS-31 Speakers 
• Microsoft Windows 95/30 Days 

Free Support/MS Mouse 
• 3 Year Limi ted Warranty 

Business Lease: $107/Mo. 
Order Code #500253 

• Mini Tower Model 
• 16MB EDD Memory 
• 256 KB Internal L2 Cache 

• 2.5GB Hard Drive l10.5ms) 
• 15TX Trinitron Monitor ( 13.7" vi.s.) 
• 9FX Motion Graphics Acce lerator 

with 2MB VRAM 

• BX Multi-session EIDE CD-ROM Drive 
• MS Office Professional with 

Bookshelf for Windows 95 
• Microsoft Windows 95/30 Days 

Free Support/MS Mouse 

• 3Year Limited Warranty 

* Upgrade to 32MB of EDO memory 
for only S399 more. 

*Upgrade to a 17LS monitor (15.7" 
v.is.) for only $240 more. 

$2649 
Business Lease: $98/Mo. 
Order Code#500256 

• Mini Tower Model 

• 16MB EDD Memory 
• 256KB Pipeline Burst Cache 

• 1.6GB Hard Drive J1 0ms) 
• 15LSMonitor (137" v. i.s.) 

• 9FX Motion Graphics Acce lerator 
with 2MB VRAM 

• 6X Multi -sess ion EIDE CD-ROM Drive 
• MS Office Professional with 

Bookshelf for Windows 95 

• Microsoft Windows 95/30 Days 
Free Support/MS Mouse 

• 3 Year Limited Warranty 

* Upgrade 32MB of EDO memory for 
only $399 more. 

Business Lease: $81/Mo. 
Order Code #500252 

• Mini Tower Model 

• 16MB SDRAM Memory 
• 512KB Pipeline Burst Cache 

• 2.5GB Hard Drive l10.5ms) 
• 17LS Monitor (1 57" vis.) 

• 9FX Motion Graphics Accelerator 
with 2MB VRAM 

• BX Multi-session EIDE CD-ROM Drive 
• MS Office Professional with 

Bookshelf for Windows 95 
• AWE32 Wave Table Upgrade Card 
• Allee Lansing ACS-31 Speakers 

• 16GB/3.2GB Travan Tape Backup 
• 28.B Data/Fax Modem 
• Microsoft Windows 95/30 Days 

Free Support / MS Mouse 

• 3 Year Limited Warranty 

$3479 
Business Lease: $129/Mo. 
Order Code #500255 

• Mini Tower Model 

• 1GMB EDD Memory 
• 1.6GB Hard Drive J1 0ms) 

• 15TX Trinitron Monitor (13.7" v.i .s.) 
• 64-bit PCI 2MB DRAM Video 
• 4X Multi-sess ion EIDE CD-ROM Drive 

• Microsoft Windows95/30 Days 
Free Support/Dell Mouse 

• 3 Year Limited Warranty 

* Add A/tee Lansing ACS-31 Speakers 
and aAWE32 Wave Table Sound Card 
for only $219 more. 

* Upgrade to 24MB of EDO memory 
for only $199 more. 

$1799 
Business Lease: $67/Mo. 
Order Code#500251 

• Mini Tower Model 

• 16MB SDRAM Memory 
• 256KB Pipel ine Burst Cache 
• 1.6GB Hard Drive l10ms) 

• 15LS Monitor (13.7" v i.s ) 

• 9FX Motion Graphics Accelerator 

with 2MB VRAM 


• BX Multi-session EIDE CD-ROM Drive 
• MS Office Professional with 


Bookshelf for Windows 95 

• Integrated Sound Blaster 16 Sound 

• Al tee Lansing ACS-5 Speakers 
• Microsoft Windows 95/30 Days 

Free Support/MS Mouse 

• 3Year Limited Warranty 
Pictured System 

$2549 
Business Lease: $94/Mo. 
Order Code #500254 

• Mini Tower Model 
• BMB EDD Memory 

• B50MB Hard Drive [12ms) 
• 14XEMonitor (13.19" v. i.s.) 
• 64-bit PCI 1 MB DRAM Video 
• 4X Multi -sess ion EIDE CD-ROM Drive 

• Microsoft Windows 95/30 Days 
Free Support/Dell Mouse 

• 3 Year Limited Warranty 

*Upgrade to 16MB of EDO memory 
for only S739 more. 

*Upgrade to a 1.6GBhard drive 
for only $100 more. 

* Add a 3Com Etherlink Ill Network 
Interface Combo Card with Parallel 
Tasking for only $99 more. 

$1449 
Business Lease: $54/Mo. 
Order Code #500250 

Designed fo1 

NEW STANDARD 3 YEAR LIMITED WARRANTY WITH ALL DELL DIMENSION SYSTEMS. :===~·!l:=::=1.::::I.........,tPricing is not discountable . tFor a complete copy of our Guarantees or limited Warranties. please write Dell USA L.P.. 2214 W. Braker Lane. Suite 0, Austin. TX 78758. ¢Business leasing 
arranged by Leasing Group. Inc. * Prices and specificat ions valid in the U.S. on ly and su bject to change without notice . The Intel Inside logo and Pentium are registered trademarks of Intel Microsoft
Corporation. MS. Microsoft. Windows and the Wi ndows logo are registered trademarks and Windows NT is a trademark. of Microsoft Corporat ion. XJACK is a registered trademark of US 
Robotics Mobile Communications Corporation. © 1996 Dell Com puter Corporation .All rights reserved. Windowse95 



• 11 .3" SVGA Active Matrix Color Display 
• 16MB RAM (40MB Max RAM) 

• 256KB L2Cache 
• 810B Removable Hard Drive (1 .2GB Max) 

• PCI Bus Architecture 
• Smart Lithium Ion Battery with 

Advanced Power Management 
• 128-bit PCI Graphics Acce lerator. 

1MB Equivalent Video RAM 
• 2 Type 11/1 Type Ill PCMCIASlots 

• lrOA-1Port 
• Integrated 16-bit Audio 
• Built-in Speaker. Stereo and Mic Jacks 
• Extendable 1Year Warranty 

$43991 

Business Lease: $158/Mo. 
Order Code #800048 

• 11.3" SVGA Active Matrix Color Display 
• 8MB RAM (40MB Max RAM) 

• 256KB L2 Cache 
• 540MB Removable Hard Drive (1.2GB Max) 

• PCI Bus Arch itecture 
• Smart Lithium Ion Battery with 

Advanced Power Management 
• 128-bit PCI Graphics Accelerator. 

1MB Equivalent Video RAM 
• 2Type 11/1Type Ill PCMCIA Slots 

• lrOA-1Port 
• Integrated 16-bit Aud io 
• Bui lt- in Speaker. Stereo and Mic Jacks 
• Extendable 1Year Warranty 

$38991 

® 

Business Lease: $140/Mo. 
Order Code #800047 

• 10.4" Dual Scan Color Display 
• 8MB RAM (40MB MaxRAM) 

• 256KB L2 Cache 
• 540MB Removable Hard Drive (1.2GB Max) 

• Smart Lith ium Ion Battery wi th 
Advanced Power Management 

• 32-bit Loca l-bus Video. 1MB Video RAM 
• 2Type 11 /1Type Ill PCMCIASlots 
• 6.2Pounds 
• Optional Dell Latitude DeskDock'M 

Station Avai lable 

• Extendable 1Year Warranty 
* Upgrade to an 810M8 hard drive 

for only $200 more. 

$23991 

BusinessLease: $89/Mo. 
Order Code #800036 

75MHz PENTIUM PROCESSOR 
DELL LATITUDE XPi P75D 

• 10.4" Dual Scan Color Display 
• 8MB RAM (40MB MaxRAM) 

• 256KB L2 Cache 
• 540MB Removable Hard Drive (1 .2GB Max) 

• Smart Lithium Ion Battery with 
Advanced Power Management 

• 32-bit Loca l-bus Video, 1MB Video RAM 
• 2Type 11 /1 Type Ill PCMCIASlots 
• 6.2 Pounds 
• Optional Dell Latitude DeskDock 

Station Avai lable 
• Extendable 1Year Warranty 

* Double your RAM to 16M8 
for only $299 more. 

$19991 

Bus iness Lease $74/Mo. 
Order Code #800044 

BUILD PERFORMANCE WITH 

THESE OPTIONS. 


DELL DIMENSION ADD 

1.6GB/3.2GB Travan Tape Backup . . . $249 

3Year Next-business-day, On-s ite Service ..... . . $99 

28.8Fax/Modem . .......... . . . . . . . . . . . . . ... $149 

Win95 Mechanical Keyboard .... ..... ... .. . . . . $29 

3ComEtherLink Ill Network Interface Card . .... .. $79 

DELL LATITUDE ADD 

1.2G8 Hard Drive (Upgraded from 540MB) . . .. . . . $400 

24M8 RAM (Upgraded from 8MB). . . $699 

Advanced Port Replicator and DeskDock Station . . $229 

28.8 XJACK®/Cabled Modem .. ......... ... . .. $259 

External Dell 4X CD-ROM . .. $359 

DIRECT NEWS ON THE INTERNET 
For free updates on Dell's product offerings, pricing 
and other news electronically, send an email message 
to "DirectNews-request@dell.com:· 
Please use the word "subscribe" as the body of 
your message. 

ll•l•hMlil!~!I 
800-545-5623 
In Canada~ cal l 800-839-0148 
Mon-Fri 7am-9pm CT • Sat 10am-6pm CT 
Sun 12pm-5pm CT • http://www.dell.com/ 

IKeycode #01113 I 
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GET THE MOST INCREDIBLE 

MEMORY EVER. 


(JUST TO BE SAFE, WRITE DOWN OUR PHONE NUMBER.) 
mumr;m;m1 

It's the memory of the future : 

Synchronous Dynamic RAM (SDRAM to 

you). And this new Dell Dimension XPS 

has it. Finally, your PCs won't be held 

back by the limitationsof asynchronous 

EDO memory. Finally, with everything 

tied to the same clock, you can get 

smooth, predictable performance at 

astonishing speeds. Final ly, you can 

have a hedge against obsolescence. 

And, the technology once reserved 

for high-end workstations can be 

on your desktop. So check out th e 

specs, limber up your dialing finger 

and give us acall. Come to think of 

it, maybe you should tie a string 

around that finger first. 
; ( 

Del l's featuredcomputer artist 'is Diane Fenster of Pacifica. CA 

Designed for 800-545-3818 
In Canada~ ca ll 800-839-0148:===~•l)::::=I Mon-Fri 7am-9pm CT • Sat 10am-6pm CT .::::I 

- ........jll ® Sun 12pm-5pm CT • http://www.dell.com/ 
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