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Intel 430MX Mobile PCI chipset
256KB L2pipeline burstcache
PCI graphics accelerator, 2MB VRAM
8Xmodular CD-ROM drive
Pick-a-Poinf dual pointing devices
Sound Blaster 16-bitstereo sound

Built-in stereo speakers andmicrophone
Motorola Montana 33.6fax/modem
CardBus- and zoomed video-ready
2 infrared ports,1 front, 1 rear
S-video and NTSC-video capability
Built-in gameport
Management Pak

Executive Travel Pak
2 modular expansion bays (hard drive, CD-ROM

drive, 3.5" floppy drive, lithium-ion battery)
Custom nylon carrying case
Microsoft Windows 95 and MS£Plus!CD
MicrosoftOffice97 SBE CDs
5-year/3-year Micron Power'1 limited warranty

TRANSPORT XPEP166
166MHzMobileIntelPentium

processorwithMMX
32MB EDO RAM (80MB max.)
2.1GBremovable hard drive
12.1" active matrix color display,

$4,399
Bus. lease$150/mo.

TRANSPORT Xpe P150
150MHzMobileIntelPentium

processorwithMMX
32MB EDO RAM (80MB max.)
1.4GB removable hard drive
12.1" active matrix color display,

$3,899
e$133/mo.

MicronDock''1 multimedia port replicator with
warm docking and built-in game port

Micron Executive" desktop package
166MHz Mobile Intel Pentium processor

with MMX upgrade
Motorola Montana 33,6fax/modem

Intel 430MX PCI chipset
256KB L2 pipeline burstcache
PCI buswith 128-bit graphics accelerator
MPEG1 compatible
Touchpad pointing device

133MHz Intel Pentium processor
16MB EDO RAM (40MB max.)
1.4GBhard drive

11.3"SVGA dual-scan
colordisplay, 800x600

$1,799
Bus. lease $61/mo.

Motorola Montana 33.6fax/modem
3Com PCMCIA ethernet adapter. 10-base-T
8X modular CD-ROM drive

3Com PCMCIA ethernet adapter, 10-base-T
Samsonite leather carrying caseupgrade
2nd intelligent lithium-ion battery
2.1 GB primary hard drive upgrade
3GB primary hard drive upgrade
2nd 1.4GBmodular hard drive

NiMH battery
16-bit stereo sound

Built-in stereospeakers andmicrophone
1 rearinfrared port

2nd NiMH battery
Custom nylon carrying case
Samsonite leather carrying case

2nd 2.1GBmodular hard drive
16MB EDO RAM upgrade
32MB EDO RAM upgrade
Multimedia Xcitement Pak (comprised of

MMX technology-based software)

Modular floppy drive (flexible drive swappable
withCD-ROM)

MicrosoftWindows 95 and MS Plus!
5-year/1-year Micron limited warranty

2.1 GB primary hard drive upgrade
8MB EDO RAM upgrade
24MB EDO RAM upgrade

ASSURANCE DOWN THE ROAD.
Micron isa company driven by performance and reliability. Our commitment tobuilding better
engineered computers shows. In thepast two years, we've collected over 100 awards for product
performance, customer service andreliability.

THE MICRON POWER WARRANTY
If wedidn't believe sostrongly in thequality ofourproducts, wewouldn't package them with such an
outstanding warranty. The Micron Power warranty provides coverage with 5-year protection on
microprocessors and main memory where most other companies give you three. Our industry-leading
warranty offers a 30-day money-back policy. Plus 24-hour technical support.

MICRON
POWER
WARRANTY

5-yearlimited warranty onmicroprocessor andmainmemory
3-yearlimited parts-only systemwarranty (1-year (orTransPort Vlx)
1-,2- or3-yearoptional on-site service agreement lorMicron desktop andserversystems
30 daysoffreeMicron-supplied software supportforMicron desktop systems; 3 optional

network operating systemincident resolutions included lorMicron serversystems
30-daymoney backpolicy
24-hotir technical support

The foregoing issubject toand qualified by Micron's standard limited warranties and terms
andconditions ofsale. Terms andconditions ofsalemay vary for specific configurations,
Copies ofthelimited warranties maybeobtained onourWebsiteorbycalling Micron,

CALL NOW FOR DETAILED
PRICING AMD OPTIONS

MICRON
T R O N I C S

NeMbre
Tenedand
Approved

HHTBRS'
CHOICE

Window
Stellar

800*362*7306
www.micronpc.com



COMPUTERS CUSTOMIZED TO FIT YOUR NEEDS.

MICRON™ VET1X

vHlXba SERVER STANDARD FEATl
DualPentium* Pro ZIF sockets
256KB integrated L2cactie
Memory expandable to 1GB (8 DIMM slots)
8 open expansion slots: 5 PCI, 2 ISA, 1 shared ISA/PCI
Integrated Adaptec PCI Ultra Wide SCSI-3 controller

Lxi-n

Intel 200MHz Pentium Pro
processor

32MB ECC EDORAM
2GB Ultra Wide SCSI-3 hard drive

$2,999
Bus.lease $102/mo.

2Lxi

Dual Intel 200MHz Pentium Pro

processors

128MB ECC EDO RAM Bus. Jse S204/mo.
Dual 2GB Ultra Wide SCSI-3

harddrives(4GB totali
15"Micron 15FGx, ,28dp (13.7"display)
Microsoft Windows NT Server4.0 (10-userlicense)
IntelLANDesk ServerManager2.52
NOS/software support (3 incident resolutions/

1st year),7x24

$6,499

NETWORK AND SEn

3Com8 OfficeConnect Hub 8/TPC
3Com OfficeConnect Switch 140
APC Smart-UPS 700 with PowerChute

plussoftware

MICRON CLIENTPR

512KB pipeline burstcache,
flash BIOS, DMI support

1.6GB SMARTEIDEhard drive
3Com 3C905 network adapter

$149
$969

$389

Integrated Intel EtherExpress'1' Pro 100controller
Integrated SVGA graphics
12X SCSI-2 CD-ROMdrive
3.5" floppy drive
9 drive bays: 6 internal 3.5", 3 external 5.25"

Lxi
Intel 200MHz Pentium Pro

processor
32MB ECCEDORAM
2GB Ultra Wide SCSI-3 hard drive
15"Micron 15FGx, .28dp (13.7"display)
Microsoft Windows NT' Server4.0 (10-user license)
Intel LANDesk5' ServerManager 2.52
NOS/software support (3 incident resolutions/

1st year),7x24

Dual Intel 200MHz Pentium Pro
processors

256MB ECC EDORAM
Dual 4GB Ultra Wide SCSI-3

harddrives(8GB total)
15"Micron 15FGx, ,28dp(13.7" display)
Microsoft Windows NT Server4.0(10-user license)
Intel LANDesk Server Manager2.52
NOS/software support(3 incident resolutions/

1st year),7x24

$4,599
Bus.lease S156/mo.

$7,999
Bus.lease S251/mo.

Sony 4/8GB SCSI DDS-2 tapebackup drive
with tape (requires SCSI host adapter) $749

Seagate Backup Exec $249

Microsoft"' Mouse,104-keykeyboard
Integrated hardware instrumentation
Dedicatedserver technicalsupport,7x24
5-year/3-year Micron Power'-limited warranty
1-yearnext-business-day on-siteservice*

Intel 200MHz Pentium Pro
processor

64MB ECC EDORAM
4GB Ultra Wide SCSI-3 hard drive
15"Micron 15FGx, .28dp (13.7"display)
Microsoft Windows NT Server 4.0 (10-userlicense)
Intel LANDesk ServerManager 2.52
NOS/software support(3 incident resolutions/

1st year), 7x24

$5,099
Bus,lease S160/mo,

' On-siteservice for the VetixL»server is providedbyDigitalEquipment
Corporation and isoptional.

Mylex dualchannel Ultra SCSI-3 RAID
caching controller with4MB RAM

Novell IntranetWare 4.11 (5-userlicense,
forVetix Lxi-n only)

$899

Tool-free minitower or desktop
Microsoft Intellimouse, 104-key keyboard
Microsoft Windows®95
Intel LANDesk Client Manager
5-year/3-year Micron Power limited warranty

Intel133MHz Pentium processor
16MB EDO RAM

15"Micron 15FGx, 28do
(13.7" display)

$1,599
Bus.lease 554/mo.

3,5"floppy drive
Integrated S3 ViRGE/DX graphics

accelerator, 2MB EDO RAM
Integrated wavetable sound

Mte
Intel200MHzPentium processor

withMMXT" technology
16MB EDORAM
15"Micron 15FGx,.28dp

(13.7" display)

$1,899
Bus. lease S65/mo,

256KB internalL2cache, flash BIOS, DMI support
12X EIDE CD-ROM drive

3Com 3C905network adapter

Intel 200MHz Pentium Pro
processor

32MB EDORAM
2.1GB EIDE hard drive Bus. lease $77/mo.
15"Micron 15FGx, ,28dp (13.7"display)

$2,269

512KB internalL2secondary cache, DMI support
16X EIDE variable speed CD-ROM drive
3Com PC110/100 ethernetNIC

XLU

Intel 233MHz Pentium II

processorwithMMX
32MB EDO RAM

2.1 GB SMART EIDE hard drive Bus'lease s94/ma
17"Micron 17FGx, ,26dp (15.8"display)

$2,749

3.5"floppy drive
PCI 64-bit graphicsaccelerator, 2MB EDO RAM
Tool-free minitower or desktop

3.5"floppy drive
PCI64-bit 3D video, MPEG, 4MB EDO RAM
Microsoft Windows NT Workstation

Microsoft Intellimouse, 104-keykeyboard
Microsoft Windows NT Workstation

Intel LANDesk ClientManager
5-year/3-yearMicron Powerlimited warranty

Intel LANDesk Client Manager
5-year/3-yearMicron Powerlimited warranty

pentium

pentium®]|

Micron SalesHours: Mon-Fri 6am-1 Opm, Sat 7am-5pm (MT) • Technical SupportAvailable 24 Hours ADay-7 DaysAWeek

Tolltreefrom Mexico;95-800-708-1755 • TollfreefromCanada: 800-708-1758 • Toiltreefrom Puerto Rico:800-708-1756

International Sales: 208-893-8970 • International Fax: 208-893-7393
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EXPANDABILITY AND VALUE
THAT LEAVE ALL OTHERS IN THE WAKE.
For the absolute best performance for theprice, one name says itall. Micron. It's a reputation you can take tothebank
for server, desktop and portable solutions, beginning with the Micron"" Vetix'" Lxi server.

The Micron Vetix Lxi servercomes ready to get your network upand running, right outofthe box.

With Microsoft Windows NT' Server4.0 preinstalled and Intel LANDesk' ServerManager standard,

theVetix Lxi isa great value. We canalso preconfigure a server with Novell IntranetWare 4.11. The Vetix Lxi
isexpandable with 1 or2 Pentium" Pro processors, 8 open slots and 9 drive bays. You'll know why theVetix

Lxi serveris more thana greatserver. It's good business.

For theideal line ofbusiness PCs - one thatmakes your life a lot easier - you need stability. You expect reliability. You demand

enhanced manageability and lower costofownership. On top ofthat, themachines must besimple toset up, easy to upgrade and

come in neat, network-ready packages which include SMART drives, DMI BIOS support and LANDesk. Possible? Absolutely - with

Micron ClientPro."' Whether you choose theMta, Mte, Xvi orXlu, ClientPro combines thefeatures you're looking for with thebest

overall performance and lower total costofownership.

To keep business moving when away from the office, you need the Micron Transport™ Xpe. It'sthe ultimate portable

multimedia PC gearfor theserious business professional. Complete business presentation capabilities. Superior

performance andflexibility. No compromises. Thebest your money can buy.

Best ofall, it's all brought to you by Micron, a company PC World* has recognized as the best in the business forservice

and reliability. One that backsyour purchase with ourindustry-leading 5-year/3-year Micron Power™ limited warranty.**

Go ahead. Give us a call. Then get ready for somesmooth sailing.
"PCWorid, bestoverall PCcompany forreliabi ityandservice, December 1996

"The Micron Transport Vmcomeswitha 5-year/l-year limited warranty.

MICRON

800*362*7306
www.micronpc.com

Circle 156 on Inquiry Card.



When we say ViewSoni

ViewSonic PT813

• 21" CRT Size

20.0" Viewable

• Aperture Grille Pitch .28mm
• 107kHz Horizontal Scan Rate

• 1600 x 1200 @85Hz

Maximum Resolution

• TC0 Compliance
- Professional Series

ViewSonic PT775

• 17" CRT Size

16.0" Viewable

• Aperture Grille Pitch .25mm
• 96kHz Horizontal Scan Rate

• 1600 x 1200 @77Hz

Maximum Resolution

• TCO Compliance
• Professional Series

ViewSonic GT775

•17" CRT Size

16.0" Viewable

'Aperture Grille Pitch .25mm
' 86kHz Horizontal Scan Rate

1Optimum Resolution
1280 x 1024 @80Hz

' TCO Compliance
Graphic Series



exceed your expectations,

we've got the guts
to back it up.

Aperture grille technology
that rewrites the spec charts.

ViewSonic's PT813 21" (20" viewable) and
PT775 17" (16.0" viewable) set a new
standard for aperture grille monitors used
inprofessional applications.
Arather large claim. But one we can make
without equivocation because we have the
technology and the specs to prove it.

Both monitors achieve breakthrough quality
inbrightness, color saturation and screen
clarity (see spec boxes below for eye-popping
details).

Wait, there's more.

After setting the standard for the pros, we
did it again for general office and graphic
applications. Our new GT775 17"

2936

(16.0" viewable) monitor exceeds all your
high performance demands with an
optimum resolution rate of 1,280 x 1,024
@ 80Hz and a maximum resolution of

1,600 x 1,280 - from design to business
presentations to CAD and the Internet.

Itdoesn't get any better.

And, all ViewSonic monitors are backed by
a limited 3year warranty* onCRT, parts
and labor (the best in the business), aswell
as anoptional Express Exchange31 Service
program that insures 48 hour replacements.

To exceedyourhighest expectations,
call (800) 888-8583 and askfor agent
1337for the dealer nearestyou orvisit
our website at www.viewsonic.com.

Circle 150 on Inquiry Card (RESELLERS: 151).

(909) 869-7976 Fax: (909) 869-7958 • Internet: www.viewsonic.com • See:"' ca: rs subject tochance ,\:ncut notice • Copyright © 1997, ViewSonic Corporation • All rights reserved
Corporate names and trademarks stated herein aretheproperty oftheir respective companies • "The 29GA has a one year limited warranty onCRT, parts and labor.



OOD-BYE,

HELLO.

By Tom R. Halfhill

The user interface is about to under

go the biggest revolution since 1984.

Searching
for Deep Blue

88NA-1

By Tom R.
Halfhill
How IBM's team

defeated the

world champ.

RESELLER

Resellers Learn Wall
Street Smarts

104C

Custom middleware helps
resellers profit from the
financial industry's volatility.
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Rebuilding Human
Resources

104K

As HR departments get
smaller, resellers have more
opportunities.

NETWORK

INTEGRATION

A Virtual Private Affair

79

ByMikeHurwicz
Finally, a real way to save
money with the Internet:
Virtual private networks.

MANAGING DATA

Attention, Data-Mart

Shoppers
73

By KarenWatterson
Top-down or bottom-up, build
ing a data mart givesyou the
information you value most.

July 1997, vol. 22, no. 7

MANAGING DATA

Double Zero

89

ByJoe Celko
andJackie Celko
2000 means trouble

for computers, includ
ing—gulp—PCs.



EDITORIAL

Why Interfaces Matter
12

Computers are about to join
the Information Age.

INBOX

15

BITS

300-MHz Pentium II Tests 22

Natural Dictation

PCI Hot Plug for Servers 23

New.Domain. Names 25

Clustering Technology 26

EVAL

OPERATING SYSTEM

Windows 95/Memphis:
Ready for the Future

33

The next Windows upgrade.

PENTIUM II

Upwardly Mobile 3-D
Workstation

35

Digital Equipment's dual-CPU
machine.

APPLICATION SUITE

Corel's Nearly Perfect
Suite Spot

36

WordPerfects.

DATABASES

Using the Web to Maintain
Legacy Databases

41

ByAlexaBielefeld, Rick
Martin, and Brian Wachter
Salvo lets you use protocols to
manage mainframe data.

CPUS

The Heart of Hand-Held PCs

45

ByLyle Supp
Hitachi's SH-3 addresses the

demands of hand-held PCs.

www.bytexom

LAB REPORT

HARDWARE

MMX

Power for

Desktop PCs
106

ByBYTE
Editors

We look at 10 Pentium

systems souped-up with
MMX technology.

EB PROJECT

Textbase Tricks

97

ByJon Udell
Some tips on making good use
of all that information on

the Web.

JAVATALK

Visual Age for Java
101

ByRickGrehan
IBM's Visual Age for Java
includes tools for building
distributed applications.

CHAOS MANOR

A Web Site for Chaos Manor

125

ByJerry Pournelle
Jerry builds a Website,
installs an OverDrive chip in
Pentafluge, and pays a visit to
WinHEC.

CORE

PROGRAMMING

Cross-Platform Development
with Concert

51

ByJustin Morgan
Here's a way to rapidly port
a Mac OS application to
Windows and Unix.

OPERATINC SYSTEMS

JavaOS:Thin Client, Fat

Service

53

By CharlesMirho
and Tom Clements

SOFTWARE

Web Applications at Your
Service

114

ByDavidSeachrist
and StephenPiatt
Enliven your Web site with
one of these application
servers.

REVIEWS

CAD SOFTWARE

Faster on the Draw

119

AutoCAD 14.

GRAPHICS CARD

Dawn of the New Millennium

121

Matrox's upgraded hardware.

NETWORK OS

Novera Composes Epic for Java
122

A new network OS.

OPERATING SYSTEM

Making Linux More Livable
124

Caldera's OpenLinux Base.

JavaOS usesa small memory
footprint, yet its network-cen
tric design lets it access large-
scale services.

Bulletproofing ATM,Part 2
55

ByJeffreyFritz
How LAN emulation and

proper switch and router
configuration can establish
redundancy.

WHAT'S NEW

155

Toshiba's Libretto notebook,
Motorola's 300-MHz Mac,

Hauppauge's VideoTalk, plus
new development tools.

rtl'i'l'lJilim

I'

IMPROBABLE

Advances and Retreats

in Computing
160

ByMarcAbrahams
Revenge on junke-mailers,
part 2; plus,exacerbatingthe
bandwidth crunch.
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CONTENTS BY PLATFORM

WINDOWS

First 300-MHz

Pentium II Results 22

Intel's newest, fastest Pentium
will give your apps another
bump up in speed.

Speak Naturally 22
Dragon's new software lets you
dictate without all those awk

ward silences.

Thin Is (Soon) In (NT) 24
Microsoft is planning Win
dows terminals.

More Power, Lower Prices 26

A survey of features and prices
of new PII and K6 machines.

Windows 95/Memphis:
Ready for the Future 33
Microsoft is readying a more
Internet-rich OS upgrade that
goes part way to Memphis.

Upwardly Mobile 3-D
Workstation 35

Digital's dual-Pentium II PC is
a graphics workhorse.

Corel's Nearly Perfect
Suite Spot 36
WordPerfect now runs faster

and better integrates its com
ponents.

MMX Power for PCs 106

We test 10 Pentium-class sys
tems, based on Intel and AMD
processors, that are built to
speed up graphics.

Faster on the Draw 119

Autodesk greatly improves
AutoCAD with Release 14.

Dawn of the

New Millennium 121

Matrox's new Millennium II

video board holds more RAM

and complies with Direct 3D
andActiveMovie.

A Web Site

for Chaos Manor 125

Jerry finds Word 97 to be the
best tool for quickly building a
Web site.

MACINTOSH

Rhapsody's Concert API... 51
Concert ispart of Rhapsody,
Apple's new OS. It uses Next
Software's OpenStep object
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librariesand is one quick way
to port a Mac application to
Windows and Unix platforms.

Good-Bye, GUI-
Hello, NUI 60

Apple is revamping the user
interface of the next Mac OS.

OS/2

Good-Bye, GUI-
Hello, NUI 60

IBM is developing an evolu
tionary interface that will
replace Warp's Workplace
Shellwith a lightweight,
network-centric shell.

UNIX

Good-Bye, GUI-
Hello, NUI 60

A Unix kernel lies at the heart

of upcoming user interface
designs, including network
desktops from IBM and Oracle.

Making Linux
More Livable 124

Caldera's OpenLinux Baseis a
feature-packed OS that offers a
lot of power for little money.

NETWORKING

Hot Plug Will Deliver
Higher Availability 23
A new PCI technology will
make it easier, and safer, to

upgrade or repair servers.

Thin Is (Soon) In (NT) 24
Microsoft plans to provide a
thin client in Windows.

Spec Will Give PCClusters
Big-Iron Power 26
The new Virtual Interface

Architecture could help gangs
of PCs take on mainframe jobs.

JavaOS:Thin Client,

Fat Service 53

JavaOS's network-centric
design lets it accesslarge-scale
services.

BulletproofingATM,
Part 2 55

Jeff Fritz explains how LAN
emulation technology can
strengthen your connections.

Good-Bye, GUI-
Hello, NUI 60

The approaching network user

interfaceswill change comput
ing for everyone.

Attention, Data-Mart

Shoppers 73
Data marts hold your most
valuable data, and you can
build them from either the top
down or the bottom up.

A Virtual Private Affair... 79

Virtual private networks offer
cost savings over traditional
remote access solutions.

INTERNET/WEB

Hot Plug Will Deliver
Higher Availability
Swapping a new card into your
Web server will be easier,
thanks to this new technology.

Using the Web to Maintain
Legacy Databases 41
Salvolets you useWebproto
cols to maintain legacy data
bases on mainframes.

Good-Bye, GUI-
Hello, NUI 60

Netscape, Microsoft, and a
host of others are developing
new ways of finding informa
tion on the Net.

A Virtual Private Affair... 79

Finally,a real way to save mon
ey with the Internet: virtual
private networks.

Textbase Tricks 97

Collecting tons of text is easy
with the Web. The trick is

doing something useful with it.

Visual Age for Java 1(
IBM's toolkit lets you build
apps that can invoke an object's
method across the wire.

Web Applications
at Your Service 114

NSTL tests Web applications
servers from Lotus, Microsoft,
and Netscape.

Novera Composes Epic
for Java 1 >

Novera's Epic safely givesJava
applets real network services.

A Web Site

for Chaos Manor 1.

Tune in this month to find out

how Dr. Pournelle built a place
on the Web.
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Piracy cut your software sales in half.
How will you tell them you could have prevented it?

Piracy can cause your sales to plummet. Just one copy in
the wrong hands could result in unauthorized distribution

worldwide via diskette, CD-ROM or the Internet.

Why risk your success? Stop piracy before it
affects your bottom line. Over 10 million

Sentinels" ensure security and success formore

than 20,000 developers. Receive

your Free guide: How to stop
piracy andincreaseyour software

sales. Call 1-800-852-8569 or

visit www.rainbow.com.

5ETLTI0EL
Software Protection

The *1 solution to piracy

ft^l/\IIMBOW TEL: 71 '50-7300 •FAX: (714) 450-7450 •EMAIL sentinel@ra nbow.com •FRANCE: (33) 141 43 29 00 •GERMANY: (49) 89 32 1798 0•U.K.: (44) 1932 579200
^1997 Rainbow Technologies, Inc. Sentinel is a registered trademark ofRainbow Technologies. Distributors located worldwide, call orvisit our web site for a complete listing.TECHNOLOGIES
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INTRODUCING THE
LATEST AND GREATEST
FEATURE IN
WORKSTATIONS,

Micron Sales Hours: Mon-Fri 6am-1 Opm, Sat 7am-5pm (MT) •Technical Support Available 24 Hours ADay-7 Days AWeek
Tollfree from Mexico: 95-800-708-1755 •Tollfree from Canada: 800-708-1758 •Tollfree from Puerto Rico: 800-708-1756 •International Sales. 208-893-8970 •Iniematiui al Rax: 208-893-/393

!1997ltowEl6ctronrcs,lncMrioh!sfeserva •• •" ••
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Designed feu

m
Windows*95

iJ4.il

DECEMBER 1396
BESTOVERALL COMPAIIV

CHOICE
FEBRUARY 1937

MICRO* MILLENNIA
MKP200

micron™ powerdigm: where power and affordability meet.
This new Intel-based workstation punches through the most demanding 32-bit applications you can throw at it.
And itdoes sowith astonishing speed, power and compatibility. Graphics, publishing, design - whatever your
needs - theMicron Powerdigm delivers thebestperformance for theprice - right out ofthebox.

What's more, your choices for optimizing personal, business and multimedia applications continue with the
Micron Millennia™ line. From the no-compromise Mme, tothefull-featured Pro2 200, every Micron PC comes
with outstanding performance onboard. And affordability built in.

Now addtothis award-winning service andsupport as well as an industry-leading warranty, and you'l
a system that's ready totake onyour world. Let us introduce you. Call today.
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256KBinternal L2 cache, flash BIOS
12X SCSI CD-ROMdrive
3.5"floppy drive
PCI32-bit UltraWide SCSI-3 controller
Iomega Jaz SCSI drive with 1GB removable cartridge
32 voicewavetablestereo sound withspeakers
Number Nine Imagine 128series II video card,4MB VRAM
3Com" 3C905 FastEthertJnkXL 10/100PCI TPO network adapter
Tool-free minitower
Microsoft* Intellimouse. 104-key keyboard
Microsoft Windows NT1 Workstation
5-year/3-year Micron Power"limited warranty
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processors
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4GB EIDE hard drive
17"Micron 17FGx, ,26dp(15.8" display)

Intel 200MHz Pentium Proprocessor
64MB EDORAM
4GB SCSI hard drive
12X SCSI CD-ROM drive
PCI32-bit Ultra SCSI Fast-20 controller
17"Micron 17FGx. .26dp(15.8" display)

MICRON
POWER

A R R A N T V

5-yearlimited warranty onmcrrrtiroeessor andmain memory
3-yearlimited parts-only system warranty (1-year forTransport VLX)
1-,2-or3-year optional on-site service agreement forMicron desktop andserver systems
30daysoffreeMicron-supplied vi~tc~ support forMicron desktop systems; 3 optional

network operating system incident resolutions included forMicron serversystems
30-daymoney backpoiicy
24-hour technical support

The foregoing rssubject toand qualineb fry Micron's standard limited warranties and terms
and conditions ofsale. Terms and condisons pisate may vary for specific configurations.
Copies pfthelimited warranbes may beobtained onourWeb siteorbycalling Micrnn.
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Bus.lease$119/mo.
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512KB pipeline burstcache,flash BIOS
16X EIDE variable speedCD-ROM drive
3,5"floppy drive
100MB Iomega Zip drive
32 voice wavetable stereo sound

withspeakers
56Kbps technology modem*
PCI 64-bit3Dvideo, MPEG,

4MB EDO DRAM
Tool-free minitower ordesktop
Microsoft lntellimouse,104-key keyboard
Microsoft Windows 95 and MS Plus! CD
Microsoft Office 97 SBE CDs
Multimedia Xcitement Pak

(comprised ofMMX technology-based software)
2 USB connectors
5-year/3-year Micron Power limited warranty

Intel 200MHz Pentium processor
withMMX'" technology

16MB SDRAM
2.1GB EIDEhard drive
15"Micron 15FGx, ,28dp(13.7" display)

Intel 200MHz Pentium processor withMMX
32MB SDRAM
3.1GB EIDE hard drive

17"Micron 17FGx,.26dp (15.8" display)

Intel 200MHz Pentium processor withMMX
64MB SDRAM
4GB EIDEhard drive
17" Micron 17FGx, ,26dp (15.8" display) Bus-lease $91/m°-

MICRON MILLENNIA Mme P200 PLUS

$1,959
Bus.lease$67/mo.

$2,399
Bus.lease$82/mo.

$2,659

512KB pipeline burstcache,flashBIOS
PCI 32-bit Ultra SCSI Fast-20 controller
12X SCSI CD-ROMdrive
3.5"floppy drive
100MB Iomega Zip drive
32 voice wavetable stereosoundwithspeakers
56Kbps technology modem*
PCI 64-bit 3Dvideo,MPEG, 4MBEDO RAM
Tool-free minitower ordesktop
Microsoft Intellimouse, 104-key keyboard
Microsoft Windows 95 and MS Plus! CD
Microsoft Office 97 SBE CDs
Multimedia Xcitement Pak

(comprised ofMMX technology-based software)
2 USB connectors
5-year/3-year Micron Power limited warranty

Intel 200MHz Pentium processor withMMX
32MB SDRAM
4GB SCSI hard drive
17" Micron 17FGx, ,26dp (15.8" display) Sus-tease Sl08/mo.

$3,159
"Maximum transmission speedofupto56Kbps whendownloading dataand33.6Kbps whenuploading.
However, actualperiormance isdependent uponnumerous factors andobserved transfer ratesmaybe
less thanttiemaximumpotentials.

Circle 157 on Inquiry Card.

MICRON

800*486*2059
www.micronpc.com



EDITOR IN CHIEF

MarkSchlack,
Lexington, MA,617-860-6827,
mschlack@bix.com

EditorialAssistant:Chrystie Kilbourn-Terry
Lexington, MA,617-860-6294, ckilbourn@bix.com

EDITORIAL

EXECUTIVE EDITORS

lnternational:Kich Friedman

Peterborough, NH,603-924-2523
rfriedman@bix.com

New Media: Jon Udell

Peterborough, NH,603-924-2622
judell@bix.com

MANAGING EDITOR

Jenny Donelan
Peterborough, NH,603-924-2511
jdonelan@bix.com

WEST COAST BUREAU CHIEF

John Montgomery (features)
San Mateo, CA,415-513-6809
jmontgomery@bix.com

NEWS

News Editor: David L Andrews

Lexington, MA,617-860-6296
dave.news@bix.com

Senior Editor: Rainer Mauth

Frankfurt, Germany,+49 69 5801 123
rmauth@bix.com

Associate News Editor: Jason Krause

San Mateo, CA,415-513-6931
jkrause@bix.com

REVIEWS

Director:David Essex

Lexington, MA,617-860-6299
dessex@bix.com

Senior Technical EditonM Gallant

Lexington, MA,617-860-6389
agallant@bix.com

Techn/co/Fd/forMichelleCampanale
San Mateo, CA,415-513-6810
mcampanale@bix.com

TechnicalEditor: RussellKay
Lexington, MA,617-860-6207
russellk@bix.com

Technical Editor: Pete Loshin

Lexington, MA,617-860-6830
ploshin@bix.com

FEATURES

Senior TechnicalEditorat Large:
TomThompson
Lexington, MA,617-860-6302
tom_thompson@bix.com

SeniorTechnical Editor:

Edmund X. DeJesus

Lexington, MA,617-860-6959
edejesus@bix.com

Senior Ed/tor: Tom Halfhill

San Mateo, CA,415-513-6915
thalfhill@bix.com

NEW MEDIA

Production Associate:

JoyLynS. Blake

WebSiteApplicationsDeveloper:
DaveRowell

SENIOR RESEARCHER

Rowland Aertker

ASSOCIATE TECHNICAL EDITORS

Dennis Barker,Cathy Kingery,
Warren Williamson

PRODUCTION

Production Coordinator:

James J. Perry

EDITORIAL ASSOCIATE

Linda Higgins
Peterborough, NH,603-924-2689
lindahiggins@bix.com

SENIOR CONTRIBUTING EDITOR

Jerry Pournelle
Jerryp@bix.com

CONTRIBUTING EDITORS

DickPountain, UdoFlohr

CONSULTING EDITORS

Stephen Apiki, RaymondGA Cote,
Trevor Marshall, Stan Miastkowski,
Barry Nance, Roberta Pournelle,
EllenUllman,Peter Wayner

DESIGN

Design Director:Charles Dixon III

Associate Design Director/Design &
Photography: Sharon Price

Associate Design Director/Graphics:
Joseph A.Gallagher

Designers:Cindy Sands,
Donna Sweeney

VICE PRESIDENT/PUBLISHER
Kevin McPherson,
Lexington, MA,617-860-6020,
kmcphers@mcgraw-hill.com

Publisher's Assistant: Lois Beninati

Lexington, MA,617-860-6126

ASSOCIATE PUBLISHER

Michael P. Walsh

Lexington, MA,617-860-6714
mike_walsh@mcgraw-hill.com

DOMESTIC AND

INTERNATIONAL

ADVERTISING STAFF

See listing on page 153.

SalesSupport:
Kathi Andrick 614-899-4909

REPRINT SALES

Susan Monkton 603-924-2618

LICENSING

Copyrights Manager:
Faith A.Ellington 603-924-2525

FINANCE AND OPERATIONS

Director: Jack Casey

FINANCE

SeniorFinancialAnalyst:
Charles Barber

SystemsAdministrator:
PeggyDunham

JuniorFinancialAnalyst:
Jason Wanatick

CIRCULATION

Director:Susan Blattman

NewsstandManager:
Vicki Weston

Circulation Assistant:
Jill Wood

Back Issues: 603-924-9281

Fax:603-924-2683

ADMINISTRATION

Human Resources Administrator:

Pat Burke

BIX GLOBAL CONFERENCING SYSTEM, AN ON-LINE COMMUNITY

ACTING MANAGING EDITOR

Peter Olson

EXCHANGE EDITORS

Amiga Exchange:ioar\neDow
Entertainmentand LeisureExchange:R\ch Taylor
IBMExchange:Barry Nance
ProgrammersExchange: BillNicholls
ProfessionalsExcnange.David Reed
TojerryExchange:Jerry Pournelle
WindowsExchange:Kartn Kenworthy
Writers Exchange/Wayne Rash Jr.
Macintosh andOtherExchanges:At Large

INFORMATION ENGINEER

Peter Olson

MEMBER SERVICES MANAGER

Chuck Greenslit

BIX is the BIX Information Exchange, your best source for technical advice.
BIX is owned and operated by Delphi Internet ServicesCorporation.
Find us on the Web at http://www.bix.com/ (all browsers are welcome).
E-mail our auto-responderat info@bix.com or fax us at (617) 441-4902.
Dial us by modem at (800) 695-4882 or (617) 492-8300 (V.34, 28.8 Kbps).
Telnet to x25.bix.com or call us (voice) at (800) 695-4775 or (617) 354-4137.
Connectvia packet networks to host BIX.
Look in the last few pages of this magazine for our advertisement.

July 1997, vol. 22, no. 7

HOW TO CONTACT
THE EDITORS

We welcome your questions, comments, complaints,
kudos, and submissions.
MAIN OFFICE: 24 Hartwell Ave.,Lexington, MA02173,
(617)860-6336.
Peterborough: OnePhoenixMill Lane, Peterborough, NH
03458,(603)924-9281.
San Mateo: 1900 O'Farrell St. #200, San Mateo, CA
94403,(415)513-6912.
GERMANY/EUROPE: Emil von BehringStrasse 2,60439
Frankfurt, Germany,+49 69 5801 123.
ELECTRONIC MAIL: On BIX,send to "editors." All BYTE
editors and columnists also have individual mailboxes
onBIXforeasyaccess.
MCI:250-0135 BYTE Magazine. Many editors also have
individual MCI addresses in their own names.

OTHERS: Manyeditors also are reachable through uunet,
AppleLink, CompuServe,and numerous other services.
WEB: http://www.byte.com
U.S.fax: Editorial: (617) 860-6522

Advertising: (603)924-7507
U.K. fax:+44171 495 6734
SUBMISSIONS:

Authors:Wewelcomearticleproposalsand submissions.
Unacceptable manuscripts will be returned if accom
paniedbysufficientreturn postage.Notresponsible for
lost manuscripts or photos.
Vendors: Wewelcomenewsof yournew products;please
call the News department or the Reviews department
at the earliest possibledate. Wecannot be responsible
for unsolicited product samples.
ARTICLE REPRINTS:

For price quotations on customized reprints of BYTE
articles,contact Susan Monkton,reprintsmanager,at
(603)924-2618.(Minimum quantity:500.)

SUBSCRIPTION CUSTOMERSERVICE.

inside U.S., (800) 232-BYTE; outside U.S.,
+609 426 7676. E-mail-based customer service:
mpcstsvc@mcgraw-hill.com; Web-based customer
service:http://www.byte.com/admin/mpaddchg.htm.
International subscribers may also contact our inter
national customer service facility in Galway,Ireland, by
calling +353 91 752792 or via fax:+353 91 752 793.
For a new subscription, (800) 257-9402 U.S. only,
E-mail: mporders@mcgraw-hiii.com orwrite toBYTE
Subscription Dept,P.O. Box555,Hightstown, NJ08520.
Subscriptions are $29.95 for one year, $54.95 for two
years, and $74.95 for three years in the U.S.and its
possessions. In Canada and Mexico, $34.95 for one
year, $64,95 for two years, $87.95 for three years.
Internationally, US$60.00 for fast surface delivery,
US$85.00forair delivery.Single-copy price is$3.95 in
the U.S. and its possessions, $4.95 in Canada. Foreign
subscriptionsand sales should be remitted in U.S. funds
drawn on a U.S.bank. Please allow six to eight weeks
for delivery of first issue.

PHOTOCOPY PERMISSION:

Where necessary,permission isgranted bythe copyright
owner for those registered with the CopyrightClearance
Center (CCC), 222 Rosewood Dr., Danvers,MA01923, to
photocopyanyarticle hereinfor personalor internal ref
erence use onlyfor the flat fee of $1.50 per copyof the
articleor any part thereof.Correspondenceand payment
should be sent directly to the CCC,222 Rosewood Dr.,
Danvers,MA01923. Specify ISSN 0360-5280, $1.50.
Copyingdone for other than personal or internal refer
ence use without the permission of The McGraw-Hill
Companies,Inc.,is prohibited.Requestsfor special per
mission or bulk orders should be addressed to Faith
Ellington,copyrights manager, (603) 924-2525. BYTE
is available in microform from University Microfilms
International, 300 North Zeeb Rd.,Dept. PR,AnnArbor,
Ml 48106 or 18 Bedford Row,Dept. PR,London,WC1R
4EJ.U.K.

BYTE ^
ADivision ofTheMcGraw Hill Companies

Copyright®1997 byTheMcGraw-HillCompanies,Inc.
All rightsreserved. BYTE and BVTC areregistered trade
marks of The McGraw-Hill Companies, inc. Trademark
registered in the United States Patent and Trademark
Office.

G Member Audit Bureau of Circulation

OFFICERS OFTHEMCGRAW-HILL COMPANIES: Founder;James H.McGraw (1860-1948).
Chairman andChiefExecutive Officer:Joseph L Dionne; President andChiefOperating Officer:Haro\dW. McGraw III; Senior Vice President andGeneral Counsel: Kenneth M.Vittor; Executive Vice President
andChiefFinancial Officer:RobertJ. Bahash; SeniorVicePresident, Treasury Operations: FrankD.Penglase;President, Information ServicesGroup: Michael K. Hehir;Group Vice President, Information
Technology andCommunications Group: Kevin C.Harold.

1 0 BYTE JULY 1997 www.byte.com



—SPECIAL OFFER FOR BYTE READERS —

MMX TECHNOLOGY,
12.1"ACTIVE MATRIX,
40MB RAM, 2GR HOD,

33.6 FAX/MODEM

WINBOOK WINNER OF OVER

100 MAJOR AWARDS

2999
LIMITED QUANTITIES AVAILABLE

OF THIS WINBOOK SPECIAL

VALUE PACKAGE!

CALL NOW! LIMITED TIME OFFER.
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New WinBook LM with MMX™

Technology Running at 2.5V
• 12.1"SVGA Active Matrix Screen

• 40MB EDO DRAM

• 2GB removable Hard Drive

• 33.6 PCMCIA Fax/Data Modem
• Options Bay accepts CD-ROM, 3.5" Floppy

Drive (both included) orOptional 2nd Lithium
Ion Battery

• 128-Bit Graphics Accelerator
• Intel® Pentium® Processor with MMX™
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• 45-Watt Lithium Ion Smart Battery
• Parallel, Serial, VGA, and PS/2Port
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• MicrosoftWindows® 95 installed
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Why Interfaces Matter

Looking for some good information?
Today's user interfaces may not help. That's why it's time for a change.

Iomputers are about to join
the information age. Yeah, I
know the computer created

Ithe information age. The
invention of the steam engine may have
started the industrial revolution, but elec
tricity, the telephone, and the internal-
combustion engine brought us to what
we consider industrial society.

The user interfaces (UIs) we've had are
the steamenginesand telegraphsofcom
puting. They were designed when all
information resided on a disk drive on

your computer. They're ill-adapted to a
world in which you not only need to open
a file, but access a database, look in your
inbox, browse Web documents, and view
a pushed channel. Each of these opera
tions requires a different application,
each with its own conventions. We need

UIs that unite, instead of separate, all
those modes. These interfaces are just
arriving, as our Cover Story documents
(p. 60). At first glance, they look like
today's GUIs, but under the covers, much
is different.

We dub this new generation of inter
faces network user interfaces (NUIs).
However, the shift is also about what
travels through the network: Computing
is becoming more information-centric.

My contention is that until now, GUIs
have not been primarily about informa
tion, but about applications. For the last
decade, our approach to computing has
largely been, "Open a certain application
to enter or manipulate some information
and then produce the appropriate out
put." Was the information text? Use a
word processor. Numbers? Useaspread-
sheet. GUIshave been the way we ac
cessed those applications.

This was certainly an advance over the
prior UI,the command line,which in turn
was an advance over its predecessor, a
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combination of punch cards and cables
and toggleswitches. Boththoseinterfaces
had a limited but important objective:
Control the hardware. Think about the

commands that DOS used: PRINT this,
COPYthat. The actual information being
printed or copiedwassecondary.

Within the application-centric para
digm, software engineersbegan to craft
a document-centric model. The applica
tion-control aspects of the interface
would change as the user touched dif
ferent kinds of content within one docu

ment. Some NUIs build on this notion,
but the document-centric concept still
missesthe point. New interfaces need to
accommodate information that isn't in

documents and may be transient, such
as live news or videoconferencing.

Sadly, the firstgeneration ofNUIs stops
short of that goal.Some,for example, still
open separatewindowsforseparatefunc-

to navigate our increasingly complex in
formation landscape. That's a tall order,
judging by the lengthy development
cycles for both Microsoft Internet Ex
plorer 4.0 and Netscape Communica
tor. But they and their ilk are an impor
tant start.

The NUI will succeed or fail based on its ability to make it easy
to navigate our complex information landscape.

tions, until your screen is cluttered with
more windows than is useful.

The NUI won't end the proprietary
data formats we use, but it creates pres
sure to use standard open ones such as
HTML. So the first NUIs still won't enable

a search that finds information whether

it's in a proprietary .doc format, HTML,
or e-mail—but they willcreate a platform
on which to build that capability.

Nor will NUIs mean the end of discrete

applications. Tobe reallyuseful, NUIswill
have to maintain links to legacy data. The
radical net-computerists may want to
start with a cleanWeb,but that's not likely
to fly, anymore than halfhearted attempts
to put a face-lift on today's cross-plat
form squirrel's nest. The NUIwill succeed
or failbasedon itsabilityto make it easy

The ability to combine live content
with active content that integrates data
and interactive logicwith our entire store
house of data is probably the next step
in the information age. It won't be the end
ofthatpath—somedaywe'll get the kind
of machine intelligenceand human-inter
face computing that places such asMIT's
Media Lab are already developing—but
it's a huge improvement over what we
have now, even if the icons still look the
same.

Mark Schlack, Editor in Chief
mschlackrxibix.com

www.byte.com



Serious Storage for Serious Applications,
$1,995
DWSBQe - 2.BGB

Direct Overwrite

Magneto-Optical

External Drive.

$1,895
DW260J - 2.6GB Direct

Overwrite Magneto-Optical

Internal Drive.

$99
__________-2.6GB Direct

Overwrite Magneto-Optical

Optical Disk.

Plasmon's 2.6GB Magneto Optical drives
are fast, reliable and priced right.

The drive's 4 megabyte buffer, fast seek time, 3600 rpm rotational speed

and direct overwrite LIMDOW technology add up to the industry's fastest

57*" optical drive. Read and write compatability with 650MB to 2.6GB ISO

standard optical disks ensures you won't be left in the cold with proprietary

media. And when your storage needs exceed your

desktop, Plasmon has a full

range of jukeboxes

with capacities

from 52 to 670

gigabytes.

Over Write

Cranel

800-288-3475

Dallas Digital

800-842-6333

Datalink

800-448-6314

Law Cypress

800-344-3044

Call 1-800-451-6845

or stop by our web site at
www.plasmon.com

Plasmon

New Wave

800-536-5222

Optical Laser

800-776-9215

Tech Data

800-237-8931

Tenex Canada

800-268-8474
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INTRODUCING THE NEW MaxPro 1100

Raw performance, reliability, andRAID ready
without the high-endprice.

PENTIUM.PRO
PHOCESSOR

MaxPro 1500

MaxPro 1100

For more information on the MaxPro Series new
generation ofbusiness critical servers, call (800)

852-2680, or e-mail us at mkt@csslabs.com
Internet:http://www.csslabs.com

See us at Comdex Spring, Atlanta, Booth #1854
& at PC Expo, NY, Booth #5044

NetWare MICROSOFT®
Tested and WINDOW NT.
Approved COMRfflBLE

/S£\

RTING AT
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This server delivers:

• Intel Pentium Pro 200 or 266 MHz
processor (Upgradableto Dual Pentium Pro)

• Standard 64 MB ECC Memory

• 9 expansion slots

• 8 external, 3 internal with key-locking drive
bays configurable for hotplug RAID

• Fault monitoring module

• Dual hot swap, load sharing power supplies

• Dedicated fan cooling system

• Flexible segmented passive backplane options
available

• NOS certified (Windows 95, Windows NT
SCO, Netware)

LABORATORIES, INC.

1-800
852-2680

Where technology is ahead of its time'"

1641McGaw Ave, Irvine,CA 92614
Tel: (714)852-8161 Fax: (714) 852-0410
Canada (905) 882-0260
Federal Sales: Virginia (703) 242-9710
GSA#GS-35F-3077D
Circle 1 28 on Inquiry Card (RESELLERS: 129).

Inside andPentium Proare trademarks ofIntelCorp.
ir respective owners. ©1997 CSS Laboratories, Inc.All rightsreserved.

MaxPro is a trademark of CSS Laboratories, Inc. Intel
Allother manufacturer brand or product names are trademarks of the
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Definitive Article

Thanks for what must be the

definitive article on network

computers (NCs) ("Cheaper
Computing," April). I found
Tom R. HalfhilPs unbiased

coverage to be both broad
and sufficiently deep to give
an excellent understanding
of what's currently happen
ing and what's going to hap
pen with the NC market.
Leigh S.Power
powerl@guinness3.team400.ie

Real Statistics

"Cheaper Computing" was
an excellent tutorial on the

NC-versus-PC debates. In it,
Tom R. Halfhill says that the
only argument against the
NC that holds water is its

network dependency. I have
just run a detailed analysis of
805 help-desk calls for one
day's worth of activity on an
exceedingly well-run net
work. Only four of those
calls could be classified as

"communications" failures.

The rest were mostly opera
tor errors (such as failed log
ons, printers that didn't
work, and wires that got
kicked). I wonder whether
you have access to statistics
about what really happens
on networks. It's not the

technology that costs; it's
people.
Paul Strassmann

paul@strassmann.com

If by"communications fail
ures" youmean network
problems, andifyour results
aretypicalfor most net
works,then the argument

www.byte.com

that NCs are too network

dependentmay not besucha
good one. Besides,as Isaid in
thestory,applicationsare
becomingnetwork-centric,
so PCs are not immune to

networkproblems, either.
Anotherway to lookat it is
that NCsarenot the cause of
networkdependency; rather,
increasednetwork-centricity
is causing NCs.

Statistics aside, I think the
biggest problemwith today's
PCsis persistent storage,
especiallythe intermingling
ofsystemsoftware, applica
tions software, and userfiles
on thesamestoragedevice.
When you considerthat users
arenot only allowed, but
oftenrequired, to tinker with
theirsystemsoftware—and
thatany program's installer
canalso modify thesystem
software—it'sa wonderPCs
work at all. NCs, as stateless
devices, avoid theproblems
associatedwith persistent
storage. Overtime, I think
PCs will address this issue

moredirectly.
—Tom R.Halfhill, senior
editor

Intranet Servers

The performance numbers
shown in Robert L. Hum-

mel's "Multiprocessor
Intranet Servers" (May)
were very informative in
regard to how Unix and NT
perform side by side in a sta
tic environment. The article

also raised some good points
about performance, price,
and reliability. But it failed to
address the most important
issues: availability and per-

BVTE
lm 1.1 Ftx«
Cf«*s in Windows

Visual Basic 5.0
Scre»mson Lfie N»t i

Apple's Not OS

NETWORK COMPUTERS
! CostControlor Mini

v4iM^

-MerchantWeb Servers
Gigabit Ethernet

formance based on future

scalability.
For the moment, most

major Unix vendors have the
advantage in that they can
handle many more proces
sors (Sun's UltraEnterprise
10000, for instance, scales to
64 processors) and more
than two symmetric multi
processing (SMP) or massive
ly parallel processing (MPP)
nodes.

NT's current inability to
scale based on load manage
ment impedes an NT server's
ability to maintain availabil
ity as concurrent user loads
increase. Of course, Micro
soft and server vendors are

making amazing headway
into the area of scalability,
but organizations looking at

massive growth should be
aware of this.

Andrew Gup
SpectraLogic Corp.
AndrewG@spectralogic.com

Settingupa completeserver
system is too complex an
issue to address comprehen
sively in eightmagazine
pages.Also, it's difficult to
pronouncea specificperfor
mance or configurationitem
as the "mostimportant" one.
A significantpartofthemar
kethasresponded to this
classicUnixprotestbysay
ing, "We don't care.NT
boxesarelessexpensive,
easierto configure, and
easierto expand, and they
don'tlockus intoa single-
vendor hardware solution or

become obsolete when the

vendor wants a new revenue

stream. Unix administrators

arealso harder to find."
—Robert L. Hummel

Bring On the Alpha
Clones

I've seen way too many com
parisons between a number
of x86-based systems from
different vendors and an
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Alpha-based system from
Digital Equipment. The
comparisons show that
Alpha systems from Digital
offer the same (or less) bang
for the buck than x86-based

machines.

But what about the Alpha
clones? There are vendors

(e.g., Aspen Systems,
http://www.aspsys.com/)
who sell multiprocessor
Alpha systems at a lower cost
than Digital's single-proces
sor systems. I would like to
see how these Alpha-clone
solutions stack up against
the x86 systems in price/
performance. I think it'll be
an eye-opener.

BryanJ. Smith
Systems engineer

ColemanResearch Corp.
b.j.smith@ieee.org

We arenot unawareofAlpha
clones; for example, we have
reviewed Polywell'sAlpha-
basedsystems in past issues
and would have included one

in ourMay Lab Reporton
intranetservers if last-
minute technicalproblems
hadn't intervened.

—David Essex, director
ofreviews

Capitalizing on Dfs

I have been observing the
developments of Microsoft's
initiative to achieve "Zero

Administration for Win

dows" ("PCs Strike Back,"
May). One of the biggest
problems that Windows
administrators face is soft

ware distribution. On Unix

machines, this is achieved by
installing a package on an
NFS file system and letting
everyone use it. This just
isn't feasible in a Windows/

NT environment because

most Windows programs
must install some files under

C:\WINDOWS. If this bottle

neck is fixed, software instal
lation (i.e., distribution) on

1 6 BYTE JULY 1997

Microsoft platforms can be
as good as it is on Unix and
truly capitalize on the Dis
tributed File System (Dfs).
Satyam Bheemarasetti
Seniordistributedsystems
consultant

LarkSystems
satyam@poboxes.com

There is definitely merit to
this idea,althoughthere
might beadvantagesto stor
ingsome files on local disks,
includingbetterperformance
and theability to do some
functionseven if theserver
is down. I say "might"
because the fact that some
filesarestoredlocally
doesn't necessarilyguarantee
eitheroftheseresults.
—Mike Hurwicz

Latin-X

Although I praise the
increasing use of Unicode
(and its UTF-8form) ("Uni
code Evolves," March), I
would caution against pre
maturely dropping support
for the primary 8-bit charac
ter sets. In particular, failing
to support all six of the
bandwidth-friendly MIME-
standard ISO 8859 Roman

code pages (Latin-1 [West
ern], -2 [central European],
-3 [Esperanto], -4 [Baltic], -5
[Turkish], and -6 [extended
Baltic])would open applica
tions providers to accusa
tions of Internet censorship
and gagging of linguistic
diversity. I look forward to
e-mail and browsers imple
menting Unicode, but hope
they won't continue to sup
press the netizen's ability to
read messages and Web
pages in Latin -2 to -6.
Aaron Irvine

Belfast, Northern Ireland

Unicode in all forms (UCS-2,
UTF-8, and so on) contains
those characters, so a brows
er or mail client can continue

to handle those languages
either through 1:1 map
ping—that data can be con
verted in both directions

between ISO 8859-x and Uni

code/ISO 10646—or directly
through Unicode,since it isa
superset and includesall the
required characters. Unicode
actuallyhelpstheselan
guagesbecause you no longer
have to switch code pages to
move between those charac

ters.In thepast, the software
industryoften defaulted to
therequirements ofthe
largest installedbase, at the
expenseof otherlanguages.
—Ken Fowles

Wrong Key, Part II

In May's Inbox, Thomas
Paul Karrmann, comment
ing on "Your E-Mail Is
Obsolete" (February), and
author Michael Nadeau

agreed on the difficulty of
encrypting messages for
multiple recipients.

Pretty Good Privacy (PGP)
allows you to do this sim
ply—with minimal increase
in the message size. PGPuses
the public-/private-key pro
tocol only for key manage
ment and digital-signature
verification. The message
itself is encrypted using the
International Data Encryp
tion Algorithm (IDEA). PGP
creates a random key for the
"session" (i.e., the message)
and usesthe public-keypro
tocol to encrypt that session
keyfor each recipient. This
collection ofencryptedkeys

forms a control block for the

whole message. Recipients
use their private keys to
decrypt their portion of the
control block, which con
tains a copy of the session
key. For additional details
about this increasingly vital
field, seeApplied Cryptogra
phy, SecondEdition by
Bruce Schneier (John Wiley
& Sons, 1996).
Jim Dennis
Proprietor

Starshine Technical Services

jimd@starshine.org>

Thanks forpointing thatout.
See also Internet RFCs 1421

through 1424 (consult the
Internic RFC Index at

http:IIds.internic.netldsl
rfc-index. 1400-1499.htmlfor
links), which describe the
InternetPrivacy Enhanced
Mail (PEM) standards.—Eds.

Staying Put

I'm having trouble assigning
the drive letter for my
Iomega Zip drive. It always
wants to be E. My OSis
Windows NT 4.0.

Antonius ArifOctovian
Arif@myself.com

You arenot alone,ferry
Pournelle has described simi

larproblemswith Windows
95 in his column, and this
topic hasalso beena promi
nent subject in one ofour on
line conferences. Checkout
news:lldev4.byte,com/syscon
for lots ofdiscussionand
some suggestions.—Eds.

FIXES

In the table "AVarietyof NT-
to-Unix Solutions," which
accompanied the Datapro
Report in the May Bits, the
telephonenumberwe print
ed for Datafocus isno longer
current; the correct number
is 703-803-3343.

continued

www.byte.com
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TigerDirect YOUR LOW-COST PC SOURCE! 800-89700112 A FREE
CATALOG

P200 COMPUIER JUST $949"
BUILDIT-YOURSELFAND SAVE! ChooseThe Pentium MMX OrThe IBM/Cyrix PR200+
Tigerstuns the computer industryagain—this time bringing
youa breakthrough in computer-buying! Imagine—assemble
a brand newmultimedia200MHz powerhouse and save up to
$300! A 6x86 PR200+ tor just $949... or a Pentium MMX
200MHz withhuge4.3GB hard diskforjust $1499. Theseare
complete multimedia systems! Is it easy?YES! In fact, you
need only a screwdriver and about an hour—it's easier to
assemble than that barbeque on your patio!You'll actually
enjoy assembling this computer—and learn about how it
works in the process. Ourstate-of-the-art motherboard, high
speedmemory and floppy driveare all pre-installed and 100%
tested. Plus, the kit includes a high-speed CD-ROM drive,
33.6K faxmodem withvoice, 16-bit 3D Surround Sound, huge
Enhanced IDE hard disk, S3 ViRGE 3D video, premium
Windows 95 keyboard, PS/2 mouse, digitally tuned stereo
speakers, cablesand more.

You'll be surprised how easy it is to assemble your new
multimediacomputer.Notonlywillyousavehundredsof dol
lars on your purchase, when you're done you'll have some
thing few PC owners have: the knowledge and certainty of
how your computer works. You'll also have the confidence
youneed to upgrade or add parts in the future. We'll sendyou
our step-by-step booklet to showyouhowit's done.Afterfol
lowing the simple and easy-to-understand steps,you'll know
how easyit is to adda second harddisk, add more memory,
or evenupgradeto a faster processorin the future.

Thevideo cardfeaturesthe #l-ratedS3ViRGE 3Dproces
sor with a full 4MB ofvideo memory. The IBM Mwave 16-bit
sound card is 100% SoundBlaster Pro compatible, and the
33.6Kvoice/faxmodem is upgradable to 57K in the near
future.Plusyouget a fast8Xor 20X CD-ROM, 16MB ofhigh
speed EDO DIMM memory, your choice of a 2.0 or 4.3 GB
hard disk, and our finest 9-bay mid-towercase featuring a
third cooling fan—providing rock-solid protection for your
newsystem. You simply pop in the hard drive, sound card,
CD-ROM drive, video and modem! Then powerup and enjoy
yournewpowerhouse PC—and enjoy the enormous savings!

CALL TIGER FOR COMPLETE SYSTEMS
AND CUSTOM CONFIGURATIONS!

We offera complete lineofTiger Desktops,
Notebooks, Servers And Workstations. Call
us for fulldetails.We'll build to yourorder!

Includes Everything!100% Compatible!
Assembles Quickly And Easily With Just AScrewdriver!
dust FollowStep-By-Step Instructions! _

• I'r: 111 mill MMX MINI rI,.
nr IBM/Cyrix 6x8CPR200t

> 2.0 or 4.3 GB Hard Disk
1 33.0KBFaxmoilem
> 10MB EDODIMM RAM
•8X or 20XCD-ROM
• S3ViBGE3Dvidi«iw/4MB
> 10-bil 3D Sound
1 More!

State-of-the-artMotherboard accepts bothSIMMs andnew, fasterDIMMs!

From An Amazingly Low

The Smartest Buy InThe Business!

S3 ViRGE
30 Video With
4MB Memory!

Intel Pentium MMX 200MHz or
IBM/Cyrix 6x86 PR200+

•16 MB EDO DIMM RAM
•2.0 or 4.3 GB EIDEHard Disk
•8X or 20X CD-ROM
• 3.5" Floppy Drive

• 33.6 KB Faxmodem with Voice
• 3DSurround Sound w/Speakers
•S3 ViRGE 3D Video With 4MB
• Premium Keyboard &Mouse
• 512KB Pipelined BurstCache
• (Universal Serial Bus) Ports

•4 PCI and 4 ISA Slots
• Onboard Jack for Infrared Port
• OnboardPCI I/OController
• Enhanced Parallel Port ^^^^^^
•2 High-Speed Serial Ports READY
• 9-Bay CaseWith3"Cooling Fan

• Motherboard, RAM and
Floppy Drive Pre-installed
and Tested

Close-Up: What's Included In These Systems Plus! Step-By-Step Instruction Manual... 3D Graphics!

• State-Of-The-Art Motherboard & Case
This 9-bay case is our finest mid-tower model, with spe
cial features such as 9 spacious bays, easy side-panel
access, and an extra cooling fan in the front of the case.
In fact, should your
processor cooling fan
stop working for whatev
er reason, the front case
fan will continue to keep
the processor cool. The
pre-installed mother
board itself is packed
with state-of-the-art fea
tures you won't find any
where else, like a clock speed of 75MHz (versus most
Pentium boards that have a clock speed of66MHz). A
higher clock speed means that your motherboard runs
faster, with faster PCI adapters, secondary cache and
more. Howabout support for the latest and greatest mem
ory—DIMMs! DIMM memoryhas twice the data through
put of SIMMs (64-bit versus 32-bit) and gives an overall

performance increase of
up to 20%. Will handle
future processors up to
300MHz! The mid-tower

case comes complete
with the motherboard,
processor, memory and
floppy pre-installed and
tested at the factory.

•8X or 20X High-Speed CD-ROM Drive
We've included a high-speed CD-ROM__^^
that's sure to deliver maximum
pleasure from multimedia CDs, pi
games, movies and more. Together
with the 3D video card, this CD-
ROM drive is perfect for the latest
fast-paced, beautifully rendered 3D
games.The CD-ROM's IDE interface
connects easily to the Enhanced IDE con
troller built onto your motherboard.

•2.0 or 4.3 EIDE Hard Drive
Your choice of a 2.0 GB JTS EIDE
hard disk, or a gigantic 4.3 GB
Quantum Bigfoot EIDE hard disk.
The fast PIO Mode 4 throughput
gives you up to 22MB/second trans
fer rates—10 times faster than earlier

hard disks.Connects easily to the
Enhanced IDE controller built in.

•1.44MB Floppy Drive
The pre-installed 1.44MB 3.5" flop
py disk drive is a rugged drive that
features an advanced-design
frame. Pre-installed and tested!

•S3 ViRGE Video With 3D!
You'll love the rich colors and lightni:
fast performance of this top-rated
video card. The onboard S3 ViRGE processor
is the industry's favorite, and includes the latest 3D

graphics processing. So when
you're not busy at work, you can
enjoy the latest 3D games that I
areonly available with 3D graph- I
ics processing! 4MB of video
memory, high resolutions with full ;
24-bit color. Plug-n-Play; installs injust seconds!

•IBM Mwave-Based
Faxmodem With Voice &

Sound Card
Blistering 33.6K Speed!

Fast 33.6K modem speed for
Internet-surfing in style.
Upgradeable to 57K later. 16-
bit stereo sound features 3D

Surround Sound Effects! Fax

capabilities; Digital voice capability turns your PC into a
complete telephone answering machine. Includes ampli
fied digital stereo speakers and boom microphone.

•16MB Fast DIMM Memory!
Includes one 16MB 168-pinDIMM memory module.The fastest
memory you can buy! 64-bit data path is twice the width of a
SIMM's 32-bit path. For 32MB, order 1 additional DIMM!

!llrWr iI'Mffl :"' '

Processor CD-ROM Hani Disk Item 8 Price

IBM/Cyrix 6x86PR200+ 8X 2.0GB All 3-8800.2 $949.99

IBM/Cyrix 6x86PR20O+ 20X 4.3GB Al 13-8804 $1,099.99

Pentium MMX 200MHz 20X 4.3GB Al13-8604 $1,469.99

Sorry, aspricesarealwayschanging on CPUs, wedonotofferpriceprotec
tionin theevent pricesriseorfall. Returnfor defective exchange only.

pnv MEMORY Western HARD
Digital DRIVES

TO ORDER:
800-395-8443

...Or visit our web site at

WWW.TIGBHDIIIECT.COM

Weaccept VISA, MasterCard, American
Express, Discover, DinersClub. All prod
ucts carry Tiger's 30-Day guarantee
against defects. Returns for defective
exchange only. Call us for exact shipping
charges. We're heretohelpyou24-hours a
day!

Get A FREE
TigerDirect Catalog
Geta FREE subscription oftheTiger
Direct catalog—each issuefeaturesover
100 pagespacked with newhardware,
software, systems and accessories!
You'll getthe latestonthebestthatthe
computer industry hastooffer, atthe
lowest prices! Call 800-897-0082.

16%"»»Q-
MD SIMMs! V«9 P56-1023

til™*'. EDO

HTf7Qr
MR SIMMs! I I W P5S-1025

Premium quality,
massive storage!
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The big plus

in monitors

comes

this Summer.
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PRINCETON
GRAPHIC SY

coloryour world bigger.
800-747-6249 ext.165

www.prgr.com

Distinct IntelliTerm
Integrated Terminal Emulator for DEC and IBM® Systems

Highlights:
• TN3270 Emulation-Models 2.3.4and 5 (forIBM Mainframes)

• 3179G Vector Graphics &3279S3G

•TN5250 (24x80.27x132) (for AS/400)

a ElEjsihj ___a o Tip,iMI~M~

ii_i._i_T.~i
rT-'i'i-r-i'T
:. -I-M-I;

• i • i - r

r=n-r ii i' i: „! i.-i ! ,1 - i El ffHi«i i •« i -
. -r i"1 i"£«tfGfi>

:.' | i~ |

rt—— i a* |

_5J5 i§s
[_________: =y SSa

Free
|—{Evaluation Copy

I Available at...
• VT52. VT100. VT220. VT320 &VT420

emulation (for DEC and UNIX Systems)

• Customizable keyboard layouts,
poppads and session profiles

• VBA"" Advanced Scripting Language

• DDE. HLLAPI. EHLLAPI. WinHLLAPI
and Visual Basic™

• Available for Windows 3.11. Windows
95 and Windows NT

distinct

408.366.8933
-WWW: http://www.distinct.com

Fax: _ 408.366.0153
E-mail: bytemag@distinct.com
Fastfacts: 408.366.2101
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In the features table on page
114of the May issue, in the
Hardware Lab Report
"Multiprocessor Intranet
Servers," we erroneously
specifiedthe amounts of
test-system and standard-
system RAM in kilobytes; we
meant megabytes.

In the text box "System
Requirements for NetPC" in
"PCs Strike Back" (May), we
indicated that 8 bytes per
pixel was one of the require
ments for display-adapter
minimum resolution; we
should have said 8 bits per
pixel.

COMING UP IN AUGUST

BUILDING NETWORK APPLICATIONS

Server-Side Componentware
Java applets are more than a way to add a kickto your

Webpages-they'reafastand powerful way to add
features to your server, too. BYTE examines the gamut of
server-based components to see how they can help you.

MANAGING DATA

Managing Intranet Data
Lost in a maze of Web pages? Don't know how to getyour
human-resource manuals on-line? You aren't alone. We

look at solutions that make intranet work flow work.

SPECIAL REPORT

Cellular technology is awash in confusing acronyms,
competing standards, and odd pricing. BYTE provides

a guide to everything you need to know about the
technologies, products, and costs. We also show

developers how to add wireless features to Windows CE
network applications.

REVIEWS

DB/2 5.0isthe biggestupgradeof IBM's top database
program in years. BYTE examines its impressive new

parallel-processing and replication features.

Intranet Administration
Siemens Nixdorfs single sign-on server promisesa much-
simplified means of administering intranets. One of our

network experts takes it for a test drive.

HARDWARE LAB REPORT

The Well-Connected Hand-Held
NSTL rounds up hand-held PCs that offer the closest
thing to desktop functionality yet. Ourextensive lab

testing focuseson the connectivityoptionsof hand-helds
from Casio, Compaq, Hewlett-Packard, Psion,and others.

SOFTWARE LAB REPORT

Server Clusterino
More system makers areoffering software that provides
fault tolerance in multiple-server environments. BYTE

and NSTL analyze your buying options while examining
howMicrosoft's upcoming Windows NT-based

"Wolfpack" might change everything.

www.byte.corn
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et it done. Quickly. Effectively. With style.

Corel® WordPerfect® Suite 8 speeds you

through your workday with results that close

deals, impress bosses and get you noticed. Let advanced

help and organizational tools, seamless integration and
the foremost Web features in the office suite market

sharpen youredge. Let yoursoftware workforyou. Corel
WordPerfectSuite 8—innovation you can count on.

Corel® WordPerfect® Suite 8 includes:

Corel® WordPerfect® 8
• Intuitive Word Processing

Corel® Quattro® Pro 8
• Powerful Spreadsheets

Corel® Presentations"8
• Captivating Presentations

^£|| CorelCENTRAL™ 8f
<gPF • Efficient Information Manager

Plus

Corel Photo House™
• Easy Photo Editing

Netscape Navigator™ 3.0
• InternetConnectivity

10,000+ Clipart Images

1,000+ Fonts

200+ Photos

Full electronic user

manuals on CD-ROM*

For Windows® 95

and Windows NT® 4.0

s 99*'129
Upgrade CD-ROM version J

After $20 mail-in

—\ &r#&!
Communicate. Collaborate. Connect to the \

Communicate

Collaborate.

Connect to
& i the World.

f

Whether you're communicating over the Internet or with a !
simple letter, with words, numbers or graphics, Corel i
WordPerfect Suite 8 supports the medium that will drive i
your message home.

Collaborate easily with coworkers across the hall or
associates on the other side of the world with the effective j
collaboration features in Corel WordPerfect Suite 8^

Experiencetechnology that lets you go beyond traditional '
HTML layout limitations with the power of Java™. Thrive in '
a competitive environment with the dynamic Web features ,
of Corel WordPerfect Suite 8—and connect to the world, i

COMPU--r l~G0tf6AB micro cefke=?
THE COMPUTER SUPEJ8TO_RE

1-800-COMPUSA

IceMax
1-800-EGGHEAD

tCorelCENTRAL Bis notincluded inthisrelease ofCore! WordPerfect Suite8.Customers will receive a voucher toobtain thisapplication upon Its
release. Shipping andhandling charges apply.

^Electronic usermanuals onCD-ROM areincluded forCorel WordPerfect B,Corel Quattro Pro 8, Corel Presentations 8andCorelCENTRAL 6.Hard copy
versionsof user manualsare soldseparately.

"For upgrade version only. USS plus applicable taxes and shipping and handling. Dealer may sell farless. Rices may vary from store tostore.

Copyright ©1997 Corel Corporation. All rights reserved. Corel. WordPerfect. Quattro, Presentations, CorelCENTRAL and theCorel bal'::-'zp are
trademarks orregistered trademarks ofCorel Corporation or Corel Corporation Limited. Microsoft and Windows are registered trademarks ofMicrosoft
Corporation. MMX, the MMX logo and Pentium are trademarks orregistered trademarks ofIntel Corporation, Netscape Navigator and Netscape
Communicator aretrademarks orregistered trademarks ofNetscape Communications Corporation. Java isatrademark ofSun Microsystems, Inc. All
other product, font and company names and logos are trademarks orregistered trademarks oftheir respective companies.
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visit our Web site at:

www.corel.com/contests
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166MHzTD-25

• Intel 166 MHz Pentium'* Processor with MMX™ Technology
• 32 MB Synchronous DRAM
• 512K Pipelined Burst Cache
• Intergraph Intense 3D™ 100 Graphics w/ 4MB EDO RAM
•3.5 GB 10ms EIDE Hard Drive

•12X EIDE CD-ROM

• Ensoniq™ 3D Wavetable Card plus Amp, Speakers &Mic
• Microsoft" IntelliMouse*'

• 2 USB Ports, 2Serial Ports, 1 Parallel Port
• 15sd67 Monitor (14.0"viewable)

$2,099

200 MHz TD-25

• Intel* 200 MHz Pentium"" Processor with MMX™ Technology
• 32 MB Synchronous DRAM
• 512K Pipelined Burst Cache
• Intergraph Intense 3D™ 100 Graphics w/4MB EDO RAM
•5.2 GB 10msEIDE Hard Drive

•12X EIDE CD-ROM

• Ensoniq™ 3D Wavetable Card plus Amp, Speakers &Mic
• Microsoft" IntelliMouse'"

• 2 USB Ports, 2 Serial Ports, 1 Parallel Port
• 17sd69 Monitor (16.0"viewable)

166MHzTD-22

• Intel*' 166 MHz Pentium"" Processor

• 16 MB Synchronous DRAM
• 512K Pipelined Burst Cache
• Intergraph Intense 3D'" 100 Graphics

w/4 MB EDO RAM
•1.7 GB 10msEIDE Hard Drive

•12X EIDE CD-ROM

• Microsoft" IntelliMouse*"

•2 USB Ports, 2 Serial Ports, 1 Parallel Port
• 15sd67 Monitor (14.0"viewable)

A • _T M Jfcmodel #475

$1,649
Upgrade to 32 MB SDRAM -Add $100

$2,649
Ensoniq™ 3D Wavetable Card plus Amp, Speakers &Hie-Add$75 17sd69 Monitorfl 6.0" viewable) - Add$255

Intel Pro 100B 10/100Base-T Networking Card -Add $125 33.6 Baud Fax/Modem -Add $155

Systems include: 30-day money-back guarantee, 3year limited warranty,*one year on site, Windows 95"w/30 Days Free Phone Support, Macromedia"" Extreme 3D™ *,* tool-free mini tower case



266 MHz TD-225

• Intel 266 MHz Pentium" II Processor with MMX™Technology
• 64 MB EDO DRAM

• 512K Pipelined Burst Cache
• Intergraph Intense 3D™ 100 Graphics w/ 4MB EDO RAM
•5.2 GB 10msEIDE Hard Drive

•12XEIDE CD-ROM

• Ensoniq'" 3D Wavetoble Card plus Multimedia Keyboard
• Microsoft" IntelliMouse"

• 2 USB Ports, 2Serial Ports, 1 Parallel Port
• 17sd69 Monitor (16.0"viewable)

$3,349

V

21sd95 Monitor (20.0 viewable) -MS922
Three years On-Site Limited Warranty Service* - Add St59

Live the 3D experience Intergraph,the leader in
3D workstation graphics, now brings the world of 3D computing to the business world.

3D computing at a PC price Even if you're not working with 3D applications
yet, they're coming. And an Intergraph TD PC with 3D capabilities doesn't cost any
more than astandard PC. Plus, you also get MPEG and AVI compatibility.

You'll run all your regular applications better than ever and have a path to all the
great new 3D applications.

Do it all Now you can build acomplex spreadsheet, create astunning multimedia
presentation with TV-quality video, check out the competition on the Web and play the
latest 3D game in your spare time
all on the same computer.
Take it for a spin.

Count on Intergraph
Our unmatched worldwide

support programs deliver the service
today's PC user demands to stay productive.

And with 25 years of experience, we're known as the leader in high-level graphics
3D workstations for animation, military simulations, game development, engineering,
architecture and more.

We're the experts at building computers for disciplines that demand performance,
quality and reliability.

Let us build a computerfor you.

INTERGRAPH
COMPUTER SYSTEMS

Circle 134 on Inquiry Card (RESELLERS: 135).

It's where
you're going.
Well take

you there.

Order Direct Now!
1-800-254-5325
or order on-line
www.intergraph.com/express
Next-day shipment available.
¥** i
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