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Technology, corporate investment,
and government policy will
shape the data highway.
Here’s the way it should be built.
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make it easy to get the PC you want,
d ready to go to work.

Valueloint Mini-Tower”,

With room to grow.

= 8 expansion slots. 6 bavs

8\ ESA Local Bus Video

® Pentium -upgradable

= |BM Enhanced 101-key hevboard
and 1BV Vouse

= YOS and Windows preinstalled

= IMB Video Memory

® Choose vour [BM Color Monitor: 141.8.
H\ (add $100 (o base model price).
15V (add $250). 17V (add $670)

33DX/T
480DN/33NZT 3HONMB T IVMB RANM

FHLE (1BM Credit Lease: $80/mo.* %) §2.210%

450DX2/T
tI8ODN2/50M Hz 340N B 1T 8V I3 RANM

1.8 (”5\] Credit Lease: SU3/ma) $2.5(1""

Lo61DN2/'T
BODN2/66N Hz A24NB HD.8VB RAM
141.8 (IBM Creddit Lease: $108/mo.) $2.080°

L6GDN2/T
HBODN2/06M 112 527VIB TN 8MI3 RAM

[HES  (IBM Credit Lease: $113/mo) 831207

Soft Select preinstalled software lets
you hitthe ground running,

We can preinstall many of vour favorite
applications. then thoroughly test and
optiniize them —all for only a $10 flat fee,
When vour new ValuePoint arrives, just
plugitinand go. Of course. we also give
vou the diskettes, manuals and documen-
tation. Installing soltware doesn't get any

casicr — or laster.

Here’s just a sampling of
IBM Soft Select applications.
Call for our latest additions
Microsoft® Office (WIN)

Intuit Quicken™ (WIN)

Borland Quattro Pro”® (WIN)
Microsoft PowerPoint® (WIN)
WinFax™ Pro (WIN)
WordPerfect® (DOS)

IBM VoiceType™ Control (WIN)

Add a CD-ROM drive and lind out
what vou've been missing,
Practically all imudtimedia applications —
and more and more regular software titles
—are available in CDH-ROM format. This
internal IS\ interface version has a

300K B/See maxi-
mum sustained

data transfer rate

with multi-session
CD-ROM technology.
including full Kodak €D
compatibility. We can install it for vou at
the factory so its ready to go when vour
IBM ValuePoint arrives.

ISA Internal CD-ROM Drive
(52G2901 ). $245*




John Craig
PC Consultant

{ Get the right answers.
i Right away.

I When you call IBM PC
{ Direct™, you'll get

l expert advice to help
vou put together exactly
the right multimedia
svstem, whether it’s for Pi
business presentations,
your home office or
~vour family.

IBM PG Direct

We’re putting the personal
' in personal computing.

Multimedia without the mumbo | bo.

And we’ll deliver it loaded, tested

and ready to run.

You've heard enough cvberspeak. You want
straight answers. from an expert.
about putting multimedia to
work right awav. That’s why
vou should call us about

this eve-popping offer.

Is our Reference
Package. a warehouse of
nformation to help you
work smarter and more pro-
duetively, Interactive sight and
sound are built in and ready to go.

It’s a multimedia — and business — PC.
you can use today. Its preconfigured at
a price thats hard o beat. And its only
a phoune call away.

‘The IBM Multimedia Reference Package

u i486™SN/25M 1z Processor

s NEW [BM 4V borderless. energy-
efficient Color Monitor

s 170 MB Hard Drive

= $MB RAM

s 1MB Video Memory

» L4+4MB Diskette Drive

= Double-speed. multi-session-
compatible CD-ROM drive

» Sound Blaster™ 16-bit audio card

» Lxternal speakers and microphone

s [BM 101-Key Basic Keyboard and
IBM Mouse

s Conforms with Multimedia PC Marketing
Couneil’s Level 2 specification for
maximum compatibility

» Kodak® Photo CD™ Access Software
and Photo Sampler

s Software Toolworks™ Fneyclopedia

= Microsoft® Bookshelf ™

» HSC InterActive Presentation Tool™

» Microsoft Works™ for Windows

= [BM DOS 6.1 and Microsoft Windows™

We'll configure any of our newest ValuePoint™ PCs
the way you like. See the next page now!
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Instant Gratification. we

What’s new? The “V” series borderless,
energy-saving monitors.' And Soft
Seleet™ preinstalled software.

You want it all, right now. (That’s O.K.,

g
people expect more from 1BM) For instance,
you want the latest dazzling monitors.

So we created the new “V” series monitors
with a sharp, borderless image. And they're
so encrgy-cfficient they've qualified for an

EPA Energy Star rating?

You said, “Installing software takes up too
much time.” So now we can do it for you at
the factory with Soft Select. We test and
optimize each application to work on your
particular PC. And we give you cus-
tomized configurations, plus the quality
and support you expect from the world’s
largest computer company.

So go ahead, be demanding We're ready for
anything, Call us now.

IBM PC Direct

We’re putting the personal
in personal computing.

ValuePoint Si.

Conserve space and money.

= 3 expansion slots, 3 bays

= VESA Local Bus Video

= Pentium™upgradable (except 425SX/8Si)

= [BM Basie 10l-Key Keyboard and
IBM Mouse

= DOS and Windows preinstalled

= 512KB Video Memory

 Choose your IBM Color Monitor: 1418,
14V (add $100 to base model price),
15V (add $250), 17V (add $670)

4255X/Si
1486SX/25MHz. 120MB HD,4MB RAM
L8 (IBM Credit Leases $50/mo.™) $1.369*

433DX/Si
486DX/33Ml1z; 120MB 11D, 4MB RAM
1418 (IBM Credit Lease: $62/mo)  $1.719*

433DX/Si
486DX/33MI1z" 212MB 11D.4MB RAM
4L8  (IBM Credit Lease: $66/mo) $1.820%*

466DX2/Si
14861)X2/66MHz 212MB HD.4MB RAM
141.8  (IBM Credit Lease: $80/mo) $2,229*

priced right an

ValuelPoint DeskTop.

The modern-day workhorse.

m 5 expansion slots. 5 bays

» VESA Local Bus Video

= Pentium™-upgradable

= IBM Enhanced 101-Key Keyboard and
IBM Mouse

= DOS and Windows preinstalled

= |MB Video Memory

= Choose your [BM Color Monitor: 141.8,
14V (add $100 to basc model price).
15V (add $250), 17V (add $670)

425SX/D
1486SX/25M1z 212MB 1D, 4MB RAM
1418 (IBM Credit Lease: $57mo.**) $1.589*

433DX/D
486DX/33MH 2z} 212MB 11D, 4MB RAM
UL8  (IBM Credit Lease: $70/mo) $1939*

450DX2/D
14861DX2/50Mllz, 340MB 111). 4MB RAM
ML8  (IBM Credit Lease: $81/mo) $2.259*

4661)X2/D
1486D)X2/66MHz. 340MB 11, 8MI3 RAM
L8  (IBM Credit Lease: $100/mo)  $2769*




||||||||
[HTH
U
Huyll
<||I|
]
®

With HelpWare, youre covered by the

You won't enter the world of multimedia
alone. Because 1BM ielpWare is behind you
every step of the way.

HelpWare goes heyond ValuePoint’s one-year
warranty and our 30-day, hassle-free moncy-
back guarantee elpWare is tech support
people who are always there when you need
them, 24 hours a day, 7 days a weck. They're
trained to answer practically any question,
from how to set up your systcm to S()Iving
hardware problems that may oceur.

Our newest monitors are even casier
on your eyes. Not (o mention your
eleetric bill.

Who says you car't have it both ways? These
advanced high-resolution monitors deliver a
brighter, bolder, crisper, borderless image
that’s flicker frce.

But when you're not using them they'll
automatically power dow n' to miscrly energy
consumption levels. When you resume work,
just touch a key or the mouse and theyll
power up instantly, right where you left oft.
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Our automated fax line is always available
and if you have a modem, you can access
our 24-hour online bulletin board.

HelpWare also includes one year of free
onsite service, provided by thousands

of dedicated IBM service reps at hun-
dreds of locations nationwide. They
make house calls anywhere in the US,
no matter how remote” And we have the
largest parts inventory in the business, to
help reduce downtime even further.

In short. HelpWare is the most comprehen-
sive support you can get.

The “V” series: for new systems and
upgrades, too.

Cross-platform compatibility is built in.

You can plug it right into almest any IBM-
compatible system and run most popular soft-
ware. These monitors are available in 14", 15"
and 17" sereen sizes.

So see the light. And save energy.
Call IBM PC Direct today.

best support people in the business.

Salil Muma,
HelpCenter®

Specialist

Complimentary!
It’s the latest edition of
the IBVI PC Direct

catalog. ValucPoints,

Think Pads®, printers,
monitors. multimedia, software,
and more. To get your copy,

call IBM PC DIRECT today.

1BM PC Direct is available to customers in the U.S. and Puerto Rico only. For customers out-
side of these areas, please contact your local IBM Sales Representafives for more information

*IBM PC CIRECT prices only. The offerings, prices and products are subject to change of
withdrawal without prior notice. Products you acquire may not be counted under any exsting
Volume Purchase Agreement The same offerings and products may be available through
IBM Authosized Remarkelers. Remarketer prices may vary. Shipping and handiing charges
are extra. **1BM Credit Lease prices are quoled [or 36-month terms. ¢ ease rates quoted are
qood throL.gh 3/31/94, after which time eates are subject to change without notice. Lease
available to qualified commercial customers only. ' Some 4B60X/33MHz processots may be
manufactured by IBM. 1. Not all V-series monitors are compalible with all ValuePoint PCs
Please call your IBM PC DIRECT sales rep for further information 2 Requires VESA DPMS
compatible sys:em hardware and software to engage. 3. Upgradable with Intel®’s fulure
DverDrive™ processor based on Penfium technology. 4. Copies of warranty and 30-day
moneyback guaraniee information available through 1M and BM Authonized Dealers.

Please call 1 800 426-2968 lor details regarding IBM's moneyback guaantee and imited
warranly. 5. At no additional charge during waranty period. Dnsile service available
Monday-Friday 8am-5pm in your time zone. IBM ThinkPad, Mini-Tower, HeipCenter and
HelpWare are registered trademarks, and ValuePoint and Soft Select are trademarks ol
International Business Machines Corporation. All other brands and product names are
registered trademarks, trademarks or service marks of their respective hotders PC Direct

is a trademark of Zift Communications Company and is used by (BM under license.

©1994 International Business Machines Corporalion

Call 1 800 426-7950

gam-midnight M-F.EST @ ‘,'f\"

8am-7pm Sat., EST > @B—““

Purchase order available for qualifying customers.

Circle 100 on Inquiry Card.
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say you dont need
better code

management?

SPARCworks Manager— Parallel Make— FileMerge— CheckPoint—
Coordinate your development Dramatically accelerate Graphically compare and Capture complete project
sessions and tools. User extensible.  project builds by leveraging merge source code. releases for later retrieval.
the power of your compute Automatically merge con-
server. currently modified files.

"‘:} SPARCworks Manager

File ©) View rj Edit v Properties T ) _Session

) _Ab

ut.) [

FileMerge  CheckPolnt

CodeManager VersionTool
DsEugger Ami]er

R Mali Tool V3.2 - /var/mail/spdemo

Paraile|Make
Done ) Next ) Delete) Reply

i Fllo <) View =) £dit *) Composo ~) Mafl File: =,
B

Move v} Copy ] load v}

N [ 1 To spd lectric-co Fri Nov.
N

5 10:17 24/705 _ Code Manager notificat

Application

2 To spdemo@electric-co Fri Nov

SBrow ser Maétocl

, VersionTool (1) Is Running...

;> @

s

VersionTool

5 10:23  40/997  Code Manager notificat

File =} view v} Commands +

-
Lle!ed

rops ) Tools T}

- 10ad v )

Directory: fopt/spdemo/fleamware/Blocks? X_Fixes,

=}

Integration

Integration_BOS Integration_SFO

ok
ting vertool...

Code Manager—

Easily organize and integrate work from
multiple developers, sites, and platforms.
Automatically track and inform of con-
flicting source code changes.

fije ©) View v) Editv) Transactlons r) Props ) Tools v} ‘
i

Chip_Prototy pes

DyBlocks.icon

[B) Blocks. mask
E1Codemgr_wsdata
[ Makefile

B blockec

[ blockh

]

B block_dr
B block_lis
D block_lisph
By cfos.h

D hand.cc
D hand.h
maln.cc

I‘J—__) VersionTool: File History

W.cC B pointcc

) pointh

B window.cc
B window.cc—
@ window.h

Byworld.h

. cc

b main.cc

pitisrerces «

_View Contents.. ) Comman

is v 1 Display v )

Yilename: Jopt/spdemo/Teamware/Blocks1.x_

ixes/maln.c

1.1 1.2 13

\~1.2.l.l
1 1222

14
el Tools

CheckPoint
Codi g

1.5——¢'16

W2

Debugger
FlleMerge Opwner: 1fine
Maketool sfcs 1d: 1.2.2.1
ParalisiMake
SBrowser
Textedit

Date: 10/28/93
Time: 14:22:15

pita Comment:

J
hes Unchanged: 00025
Inserted: 00002
Deleted: 00002

VerslonTool rformance Enhancement 18

Compatible—

Begin using without any special
preparation or administrative
requirements.

Version Tool—

Accelerate version control.
Graphically view source file history
as well as concurrent modifications.



Because this is the new face of software develop-
ment—integrated, organized, productive, and very,
very easy to use.

It’s called SPARCworks "/ TeamWare for the Solaris”
operating environment.

And it’s from SunPro, the software development
arm of Sun Microsystems, Inc?”

What makes our SPARCworks/TeamWare
products so great? Let us answer that question

with a few of our own.

How would you like to have

multiple developers working on

the same source base without
getting in each other’s way? &
Or how about doing

source code development,

quality assurance and testing, and

release engineering at the same time?

Regardless of whether they’re in the

same country, or even on the same network?

And manage more than one release

at a time, with code coming from
different locations?

Perhaps building project
components in parallel and inte-

Without SPARCuorks/TeanWare, g ?
r t 1 ?
i ating them later appeals to you

well be locked in their own rooms.

We thought so.

You see, SPARCworks/TeamWare can do all that
and more. Because it was specifically designed to solve
the problems of today’s complex, multi-developer,
multi-site, multi-platform development projects.

No matter how big or small those projects are.

SPARCworks/TeamWare works with the
SPARCworks development environment to be totally
scalable and extensible —from small groups to large
ones, across geographically distributed sites, and

disparate platforms.

+ Extends SPARCworks )
development environment
¢ Compatible with C, C++,
Pascal, FORTRAN, and Ada ¢ Supports
/ both Solaris 1and Solaris 2 operating environments
+ Graphical tracking of multiple releases for easy 3
integranon and release management ¢ Graphncal inspection and

current source file modifications ¢ Accelerates project
\ builds * Coordinates and manages individual
session tasks ¢ ProWorks™/TeamWare
available for Solarisdevelopment on
x86 platforms ¢ Manages
code over heterogeneous
networks

It’s also customizable to each developer’s or team’s

way of working, right down to specific operations.

Which brings us to the next point.

SPARCworks/TeamWare builds on standards your

developers already know and use: the UNIX® SCCS

utilities, NFS? and X window system utilities. So there's

no ramp-up time, no new system administration,
no conversion, and no special databases.
You're ready to run as soon as you load it.
What’s more, because
SPARCworks/TeamWare uses a

can work in parallel, and

And what would you

expect to pay for all this?
A lot less than you'd guess.
Under $1,000 a seat.

CD so you can try SPARCworks/TeamWare
before you buy it, or a copy of the

: S’?AR( -
SPARCworks/TeamWare Solutions o

]Uz;,,
. . . . oy
Guide including success stories Guicf.

from SPARCworks/Team\Ware
users, call 1-800-2SUNPRO,
(+1) 415-336-6848 outside the U.S.

So why choose between crude version control

tools on one end or overly complex (and expensive)
configuration management systems on the other?
Especially now that you've come face to face with

something better.

& SunPro

A Sun Microsystems, Inc. Business

SunPro, 2550 Garcia Ave., Mountain View, CA 94043-1100. Sun, the Sun lo).:o Sun Mxtrusysrems SunPro, the SunPro logo, ProWorks, NFS and Solaris, are trad k i { tradi ks of Sun Microsy 2 Inc

All SPARC erademarks, including the SCD Compliant logo, are or

4
ks of SPARC International, Inc. SPARCompiler, and SPARCworks are lncenscd exclusively co Sun Microsystems, Inc.

Products bearing the SPARC trademark are based on an anhurctun developed by Sun Microsystems, Inc. UNIX is a registered erademark of UNIX System Laboratories.
Al ocher products or services mentioned herein are erademarks of their respective owners. © 1994 Sun Microsystems, Inc.

Circle 195 on Inquiry Card.

graph1cal approach, developers
actually see what they —

and everybody else—are

doing, all at the same time.

To get a copy of our 30-day Try and Buy
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News & Views

WINIDOWS

Chicago: An Ambitious ’
Compromise.................
Windows NT it’s not, but Microsoft's |
next version of Windows will play well

on low-end, Intel-based PCs.

POWERPC MACINTOSH

Low-End PowerPC Leaves 68040
Macs in the Dust.................... B |
Preliminary test results have the least
expensive PowerPC Mac completing
compute-intensive tasks at least three to
four times faster than a Mac Quadra 900,

PIDAS

Teutonizing the Newton
In working on the German version of the
Newton PDA, Apple discovered that
handwriting-recognition systems add a
whole new set of factors in localizing a
product.

NETWORKING

Tut’s 10-Mbps Telephone Cord Network |
Could Be Small-Office King............ 28 |
A new development brings 10-Mbps net-
working to companics that are put off by
the complexitics of network wiring.

NEURAL NETWORKS (

Intel and Nestor to Commercialize
Neural-Net Chip..................... 32
An agreement between Intel and Nestor to
commercialize a neural processor could
affect applications ranging from hand-
writing recognition to air-traffic control. ’

COMMUNICATIONS

Fax Gets a Face-Lift................ i
This spring and summer, a ncw wave of’ ’
products will give fax a face-lift by adding
binary-file-transfer capabilitics.

OBIECT OPERATING SYSTEMS

Alliances Could Mean Better |
Integration
Microsoft and DEC will integrate DEC”s
Object Broker distributed-object system
with Microsoft's OLE technology. and
the agreement will allow Windows- and
OLE-supporied Mac applications to
scamlessly aceess data on a wide varicty
of platforms.

NEW PRODUCTS

What’s New
A PCMCIA card with its own audio;
Windows software for powerful imaging;
Visual Basic tools; and more.

4 BYTE MARCH 1994

" WIDE-AREA NETWORKS

Building the Data Highway 46
BY ANDY REINHARDT
Building the data highway will require a blending of diverse
‘ technologics. What’s the hest way to send large amounts af
data over today’s mix of copper. coaxial cable, and fiber-optic
lincs? Should the transpon protocol be ATM? TCP/IP? TCP/1P
’ over ATM? The major players—the phone companies, the cable
|

compantes, and proponents of the Internet—each have their f
’ own vision of what the data highway should be. Whosc vision ’

should prevail?
Data Highway Lags in /
Japan—56 /" BROKEN
7
Europe's Many Data (
l Highways—58 e .
Highway Safety: The Key Is -
Encryption—60

Government Policy on the
l Data Highway—52

-

’ The Tools for New TV—6&2
(o}

| DER
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State of the Art

Freetance Graphics - [Untitied1) |
Text Chart Arrange  Tools  Win|

PAGE 120

PAGE 129

PAGE 145

STORAGE
TECHNOLOGY
Managing Mass
Storage

BY SCOTT WALLACE
Advances in storage
technology struggle to keep
up with the burgeoning pace
of storage requirements.

18

Storage Hot Spots—86

91

Digital Hard Drives

BY PETER WAYNER
Digital-read-channel technology
will double the capacity of a
standard hard drive, letting you
pack more data on your hard
disk.

PRML at Work—93

97

IDE Takes Off

BY JOHN BRYAN

A low-cost solution, enhanced
IDE will allow you to connect
more and different peripherals
1o your PC.

SCSl vs. IDE—99



INTEGRATED BUSINESS SOFTWARE

Three Suite Deals

BY BILL LAWRENCE

Office application suites are taking the market by
storm. But do you really get extra functionality and
smoother integration by turning to a single vendor
for all your major applications”

OLE 2.0: Death to Monoliths?—122

120

SYSTEMS

129

Multiprocessor Horsepower
BY RAYMOND GA COTE
BYTE compares three dual-processor PCs from ALR,
Compag. and VTech. Running two processors—
whether 486 or Pentium—gives a big boost to
Microsoft's SQL Server under Windows NT.

DATABASE DEVELOPNENT

Q+E: The Key to ODBC 139
BY STEVE APIKI

With ODBC drivers and Q+E’s 2.0 releasc of Data-
base Library, you can build dutabase-independent
applications. The drivers enable a transparent connec-
tion to multiple data sources, while the library of
DLLs delivers features—such as transaction support
and explicit record locking—not necessarily supported
by the database engine.

CLIENT/SERVER

Client/Server Made Easy 143
BY BEN SMITH

NobleNet's EZ-RPC takes the sting out of writing
client/server applications. Whether converting exist-
ing stand-alone programs or starting from scratch,
applications programmers can write distributed ap-
plications without any network programming skills.

CID-ROM

Budget CD Recording 145
BY TOM THOMPSON

Cutting your own CD-ROMs has become altordable

now that CD-R drives with recording software go for
around $4000. Tom Thompson tests three, from IVC,
Microboards. and Pinnacie Micro, on both Mac and

PC platforms. [

COMMUNICATIONS

Desktop Telephony

151

BY RAYMOND GA COTE
PhonePro makes it easy to build phone automation |
applications for the Mac.

486-BASED PORTABLES l

Lab Report: 46 Powerful Portables 156
486 processing power now comes in two portable-
computer form factors. Sec our exclusive ranking
to find the best notehbook and subnotebook for
your application.

Best Windows
Notebooks—158

New Pointers—158
How We Tested—162

Essential
Features—162

Best Color
Notebnoks-—1686

Dual Scan: An Econemical Compromise?—166 '
Best Desktop Replacernent Notebooks—171

Mobile Multimedia—172

Best Subnotebooks—174

SL-Enhanced CPUs: Power Misers, but Rare—174
Lithium Promises Langer Battery Life—177 J
Honorable Mentions—178 !
Dubious Achievements—178 l

CROSS-PLATFORM
ARCHITHECTURIE

Under the Hood:

A Close-Up of OpenDoc ......183
BY KURT PIERSOL. A mew veneor-
neutral document standard pro-

107

Optical Advances

BY DAVID K. CAMPBELL

AND KRAIG PROEHL.

A convergence of technologies
is set 10 take the capacity of
magneto-optical drives into the
stratosphere.

COVER IMAGE: ROGER GOODE € 1894

vides a natural way to work with
information while operating on dif-
ferent platforms.
APPLICATION
DEVIELOPNIEN

Some Assembly Required:

Life with NewtonScript....... 191
BY DAVID BETZ Progiamming the
came of Life in the Apple New
tan’s scripting fanguage.

OLE ITMBLEDDING

Beyond DOS:

Visual Basic Custom Controls
MeetOLE....................e 197
BY JON UDELL Explaring Visual
C++ 1.53°s powerlul OLE support.

Pournelle:

Booting, Benchmarking, and
Bob’s Your Uncle............. 201
BY JERRY POURNELLI:

A potpourri of activity at Chaos
Manor as Jerry continues his explo-
ration of the Windows machinery.

Books & CD-ROMs:

A Cache-Memory Primer-...... a
BY BOB RYAN. MICHAEL NADIEEAU.
AND RAYMOND GA COTEE

The theory and practice of cache-
memory design. a fantastic world
on CD-ROM. multimedia
production, and strange patierns.

Commentary:

Virtual Legality ............... 218
BY VICTOR J. COSENTINO

As the law struggles to catch up
with technological changes. what
happens to our legal. social. and
cthical responsibilities?

Editorial ........................ 10
BY DENNIS ALLEN

Letters..........coooeeiieennt. 18
WANS, printer technology. and
statistics.

READER SERVICE

Editorial Index by Company 216
Alphabetical Indey to Advertisers 212
Index to Advertisers by

Product Category 24

Inquiry Reply Cards: 1448,
2028
BUYER'S GUIDE 233

Mail Order
Hardware/Software Showcase
Buyer’s Mart

PROGRAM LISTINGS

From BIX: Join “listings/frombyte94”
and select the appropriate subarea (ie..
“mard4T).

From the UUNET:{1p 10 (tp.uu.net. log
on as “anonyinous,” and enter your
user 1D as your password. Type
“cd/published/byte™ and type “DIR.
Files appear in subdirectories arranged
by month.

From the BYTE BBS at 1200-9600 bps:
Dial (603) 924-9820 and follow the
instructions at the prompt.

BYTE (ISSN 0360-5280) is pubished monthly by
McGraw Hl, Inc. U.S. subscriber rate $29.95 per year
In Canada and Mexico, $34.95 per year. European sure
tace mail subscriptions $60. airmail $80. Non-Euro-
pean subscriptions. $60 surface mail or $85 armail. All
foreign subscriptions are payable in U.S. funds that can
be drawn on a U.S. bank. Single copies $3.50 in the
U.S., $4.50 in Canada. Executive, Editorial, Circula-
fion, and Advertising Offices: One Phoenix Mill Lane, Pe-
terborough, NH 03458. Second-class postage paid at
Peterborough, NH. and additional mailing offices.
Postage paid at Winnipeg, Manitoba. Canada Post In-
ternational Publications Mail Product Sales Agreement
No. 246492. Registered for GST as McGraw-Hill, Inc.

GST #123075673. Printed in the United States of Amer-
ica. Postmaster: Send address changes and fulfill-
menl questions to BYTE Subscriptions, P.O. Box 552

Hightstown, N.J 08520,
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DOS/WINDOWS

Chicago: An Ambitious
Compromiise.................... 22
This new and improved version of
Windows may mimic NT’s features but
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It's The Ultimate
In Storage!

4500 RPM
19 msec effective access time
2.0 MBytes per sec. data throughput

Introducing the Sierra™ 1.3 Gigabyte optical hard drive with speeds faster than
most magnetic hard drives and removable media for infinite capacity. With each
additional standard opfical disk you'lt have another 1.3 Gigabytes of capacity to
store spreadsheets, databases, CAD/CAM, grophics, multimedia or any data
intensive application demanding mountains of storage.

The Sierra™ 1.3 GB is a lightning fost mass storage system with performance thot
rockets past most magnefic hard disk drives. (see chart)

OPTICAL PERFORMANCE ADVANTAGE

XCOPY 20MB XCOPY 508
T0 OPTICAL DRIVE/HARD DRIVE 10 OPTICAL DRIVE/HARD DRIVE

Optical technology has mony advantages such s removability, reliability,
expandobility, and is less expensive than magnefic storage sofutions.

OPTICAL PRICE ADVANTAGE
RETAIL (0ST @ 1.368 2.6G8 5.268

HARD DISK DRIVE $3250 $6500 $13,000

SEAGATE ST4766N (630MB) 210.6 seconds 496.8 seconds
FUITSU M22665A (1.2GB) 165.5 seconds 375.1 seconds
MAXTOR XT-8760SH (676MB){  178.9 seconds 4728.7 seconds

Ansel Adams Wilderness, Sierra National Forest

Trodemorks: Sterra and Sieere 1.3 68 of Pinnade Micro, v A eodermarks ond registered earks to thei recpetive awners.
Prinng ocquired direcly fam Syste integuators an 8/15/93. Avg. hard v cost $2.50 pes Megabyte Tests paformed by RSTL.

|9Techno|ogy J Irvme,(A927|8 J USA J Inl|(7|4) 727-3300 « Fax (714) 727-1913

"It has o 19 millisecond occess time and outperformed every other device we fested
here." Stanley Wszola, Byte

With Pinnocle's ASCENT program you can upgrade your Sierra™ 1.36B 1o o Pinnacle
optical library system that ranges in capacity from 20 Gigabytes to 186 Gigabytes
for Novell®.

The Sierra™ ... only by Pinnacle. The opfical storage leader. For more info call:

800.553.7070

THE OPM STDRAGE COMPANY
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A COMPUTE
TO USE DESFE
THIS EASY

1) The Deskpro XE has preinstalled software to get you up and running quickly. 2) It’s plug and
helps you better organize your work. 4) Enhanced Business Audio lets you operate the PC with yous

1993 Compaq Computer Corporation. All Rights Reserved. Compaq and Deskpro Registered LS. Patent and Trademark Office. Business Audio is a trademark of the Compaq Computer Corporation. Product names mentionet




R THIS EASY
VES AN AD
To READ.

dlay capablc so future upgrades are a snap. 3) An exclusive new software interface called TabWorks
voice. 5) And starting at $1,499, it’s casy on your budget. 6) For details, just call 1-800-345-1518.

COMPAQ

yerein may be trademarks and/or rugixu-rcd trademarks of their respective companies, *Estimated sclling price, actual price may vary Fhe Intel Inside Iugo is a trademark of the Intel Corporation
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The State of Computing

We are in for
some big changes
in power and
portability,

and they are for
the better

Now that you’ve heard all the “State of the...” addresses
from various world leaders, it’s time to focus our atten-
tion on the computer industry. Throughout the next 12
months, three primary aspects of computing will be well
worth watching: power, portability, and the enterprise-
wide application of computer technology.

We will find increased power in hardware systems.
Not only will we see a hefty number of Pentium-based
systems this year, but RISC-based alternatives will gar-
ner more attention than ever before. The RISC move-
ment will be led by the PowerPC, which Apple and IBM
will promote heavily. No, 1994 won’t be the final show-
down year for Intel’s 80x86 architecture against the RISC
gang of Alpha, Mips, SPARC, and PowerPC CPUs. How-
ever, the stage will be set this year, and we will have to
await Intel’s next announcement to see just how well it
can hold onto its advantage.

One thing we know for sure: Performance is being
boosted big time. While some industry pundits have
pooh-poohed the relatively minor gains of the Pentium
over the 486, we should expect a lot more from the next
generation of 80x86-compatible chips from Intel, as well
as those from Cyrix and AMD.

On one side of the fence, you have the RISC gang try-
ing to shift the CPU paradigm by offering big perfor-
mance gains, and, because some of the RISC chips are fast
enough to take on tasks usually done by support chip
sets, they also offer simplified (i.e., fewer chips) circuit-
board design. Apple’s new PowerPC Macs, for exam-
ple, promise to be three to four times faster than a 25-MHz
68040-based Mac Quadra 900 (see page 23). And on the
other side of the fence, Cyrix and AMD are going head-
to-head with Intel with their superscalar CPUs.

The CPU competition is hotter than it’s ever been.
The resulting performance boost in hardware will make
system replacement attractive, create an installed base
of more powerful platforms that software developers can
write for, and—at long last—give 32-bit operating sys-
tems a place to exist.

The portability aspect of computing that will change is
wireless technology. During the next 12 months. most
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folks will hear the wireless-technology alarm bell ring
loudly. While we won’t see a massive adoption of wire-
less devices—Ilike PDAs (personal digital assistants)—
this year, we will see a mind-set change. The awareness
of wireless technology and its impact on corporate com-
puting will reach critical mass as many hardware makers
and service providers roll out their answers to mobile
computing. Aided by software like General Magic’s Tele-
script, even people who do not use a portable computer to-
day will consider using one of the new compact devices.

The real challenge will be developing plans that show
companies how to deal with all those wireless computers.
Right now, some information managers don’t even know
what a PDA is; the problem is that very soon many of
their employees will be demanding access to company
data with their wireless devices. And once they get that,
these people using wireless computers will want to ac-
tually update that data. That notion ought to scare the
living daylights out of any information manager who
isn’t already making plans accordingly.

That dilemma leads right into the third aspect to watch
this year—the enterprise-wide application of computer
technology. Desktop computing has come a long way, and
basic computing is at an acceptable level for single users
in most applications. But moving any of those applications
to the whole enterprise has been extremely difficult.

The problem is not new. However, this year will be dif-
ferent because many large companies are so confident
in their ability to solve the enterprise computing problem
that they are restructuring their companies based on tech-
nology solutions.

So, the focus of computing in the workplace will
change, and personal computers may become a little less,
well, personal. It will also open opportunities for soft-
ware manufacturers to exploit this new work environ-
ment. We will see the document-centered view of com-
puting become more dominant as software developers
strive to make whole organizations work together. We
will also see LANSs in organizations become linked into
WANS (wide-area networks), so that workgroups can
share data—the whole idea behind the empowerment-
based restructuring that many companies are doing. B

DENNIS ALLEN, EDITOR IN CHIEF
(dallen@bix.com)



COMPUTING

Discover the datahase 9 out of 10
Fortune 500 companies already know

Paradox® is the #1-selling

database because it’s the
easiest way to access,

manage, and present
your information. Its unique
object-oriented technology makes
Paradox the only database with the
future built in!

| QL ready

Instant plug-in connectivity to
popular SQL servers like Borland
! InterBase,™ Sybase/MS,® and Oracle
| make it easy to “‘upsize” applications
| to secure client/server applications.
And Paradox is the only database
with a Workgroup Desktop, s0 you
can send tables. query results, ar
| even complete applications to any-
’ one, anytime. anywhere in the world.
| Paradox is the best choice for a

| Paradox 4.5 for Windows Workgroup
Edition is the standard that’s lighting

corporate standard, because nothing
else combines such flexibility, speed,
and ease-of-use to make users at all

up corporations worldwide.
skill levels instantly more productive. |
\

r
]

|
" Information at your command

Only Paradox for Windows provides

5149% |

I Special Upgrade
| Price”

seamless access to all the most

popular database formats—Paradox Borland
. for DOS and Windows, dBASE,®

and now, FoxPro. You can use

Workgreno Edition
Relanonss duohuse power masde ey

all the data available, even on a I 90-day, money-back guarantee! I

| See your dealer or call now, |
1-800-336-6464, ext. 7898

In Canada call, 1-800-461-3327 _l

Borland

Power made easy”

network, combining DOS and
| Windows users. And with graphical
' Query By Example. it’s quick and
| easy to get just the information you

want.

If you want a relational PC data-

| base that’s easy to use, fast, powerful, |
. . e |
and gives you complete connectivity,
the choice is easy. No wonder

‘All Access, FoxPro. Superbase, and Approach owners gualify. $20 additional rebate for Paradox and dBASE owners. Copyright © 1993 Borland International, Inc. Ail rights reserved. All Borland
product namnes are trademanks of Borland International. Inc. Prices good in the United States and Canada only. All prices are in U.S. dollurs. Dealer prices may vary. BI 6233
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At the corporate network
PowerTape Series 4000

* QIC compatible
= * 2 Gigabyte native 4 GB3 compressed capacity
! ¢ Up to 18 MB minute backup speed

* Includes software, data cartridge and more
Optional Cheyenne” ARCserve- for PowerTape®
PowerDAT Series 6000
* Digital Data Storage (DDS) technology
\\.._, =~ 2 Gigabyte native/4 GB compressed capacity
; * Backs up 300 MB as fast as 30 minutes
* Includes software, data cartridge and more
= Optional Cheyenne ARCserve: for PowerDAT

\{‘-ﬂ’?’:——

PowerTape Series 2400
* Quarter Inch Cartridge (QIC) compatible
§ = ® 2 Gigabyte native/4 GB compressed capacity
==« Upto 18 MB/minute backup speed
e Includes software and more
* Optional Cheyenne ARCserve: for PowerTape*

At the workgroup network

PowerTape Series 1100

* QIC compatible
2 * 525 MB native/1.05 G} compressed capacity
; ¢ Up to 12 MB/minute backup speed

* Includes software and more

Jumbo 500

* QIC compatible

* 255 MB native/500 MB compressed capacity
* Up to 9.3 MB/minute hackup speed

* Includes software, minicartridge and more

{ ARITNER,
| A——-
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o/ ackup the data
where it’s at.

At the workstation
Jumbo 250
_* QIC compatible
M e 125 MIB native/250 MB compressed capacity
e * Up 10 9.3 MB/minute hackup speed
* Includes software and more
Jumbo 120
' e QIC compatible
M * (0 MB native/120 MB compressed capacity
N L——J_. e Up to 4.7 MB/minute backup speed
* Includes software and more

On the move
Jumbo Trakker 250
* Parallel port interface
, * QIC compatible
¢ 125 MB native/250 MB compressed capacity

]

e « Up to 8 MB minute backup speed
\—
¢ Includes software and more
Jumbo Trakker 120

e Parallel port interface

* QIC compatible

* 60 MB native/120 MB compressed capacity
* Up to 4 MB/minute backup speed

e Includes software and more

Optional Accessories
e Colorado’ Brand tapes
E i * Colorado Backup for Windows software

&

s * Support for UNIX", OS 2" and Windows NT”
i B o conoliers to optimize backups

m * Compatibility kits

BUTE

POURNELLE'S |
JUSER'S CHOICE |
AWARD

RADO
ORY SYSTEMS inc.



COLORADO TAPE BACKUP

olorado Memory Systems, the Number One name in
tape backup, has a solution for most any backup need.
M Beyond all the Megabytes and Megahertz that you
get out of your system, it’s the data i it that’s ultimately
your most valuable asset. Whether it's on an 80 MB
notebook or a 4 GB server, the data needs to be protected
every step of the way. M Colorado tape backup is the
easiest and most reliable way to do it. And Colorado is
recommended by resellers, editors and end users more than
all other backup systems combined, earning dozens of
industry awards. M Colorado Tape Backup is also the best
backed backup in the business, offering unlimited technical
support. Explore Colorado Tape Backup Solutions today
and see what you've been missing.
Call 1-800-451-0897, extension 800 | B8
today for more information | EASEST
or free literature. |

© 1993 Colorado Memory Systems, Inc. All rights reserved. Colorado and Jumbo are registered trademarks of Colorado Memory Systems Inc.
Trakker, PowerTape and PowerDAT are trademarks of Colorado Memory Systems Inc. Al other trademarks are propenty of their respective companies. PTE-121393
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The Apple Report

Many of the most popular

being optimized to take

less expensive than Pentium
chips - so are the personal

computers they will run.

A complete Macintosh

system with PowerPC will

¢ will offer better performance :

than higher-priced Pentium-

based systems.

{ with PowerPC will have
the ability to run DOS and
Windows applications,

unmodified.

: For more information about

Macintosh with PowerPC,

in the U.S. We'll send you a
: copy of our informative, free
: booklet, PowerPC Technol-

ogy: The Power Behind the
Next Generation of Macintosh
Systems. In Canada, call

£ 1-800-665-2775, ext. 910.

R oo - puters based on the X86 microprocessors. They will be

: - extremely competitive on a price basis. And they will be :
: mance PowerPC processor. : . A . L no b
:  compatible with Windows and DOS applications, by using :
 SoftWindows software. :

| PowerPC chips are faster and

¢ Performance

: call 1-800-732-3131, ext. 150, |

On PowerPC

NUMBER 2 — RISC PERFORMANCE AND CROSS-PLATFORM COMPATIBILITY

In the first half of 1994, Apple will introduce a

new family of computers that already has the entire com-

 applications have been or are puter industry standing on end.

They will offer better performance than com- :

They will be based on the revolutionary new

. PowerPC" microprocessor, created jointly by Apple, IBM :
and Motorola.

For the first time, desktop personal computers :

will take advantage of RISC chip architecture previously :
- found only in high-performance workstations. This ad- :
- vance will make possible quantum improvements in the :

. i way we manage and work with information.
cost well under $2,500, but

RISC vs. CISC.

Tremendous advances have been made in CISC

- architecture over the years. However, the physical limita- -
- tions of the new; high-performance CISC design mean that :
R e CISC chips must be significantly bigger and more complex, -
 and must run at hotter temperatures to perform the same :
- tasks as comparable RISC chips. Consequently, the newer
- will begin shipping new versiens of their most popular soft-

- ware, specifically rewritten to take full advantage of the

Figure 1. CISC vs. RISC Performance Evolution

: potential for growth, leading us well into the

As you can see on the chart, RISC
microprocessors offer dramatically greater

next century and increasing the practicality of ®

¢ features like voice recognition, videoconferencing, object-

oriented software and multimedia capabilities — functions
that will be integral to doing business in the 21st century.

More compatible perSohal Computers.

Apple’s new géneration of Mécintosh'personal

: computers built around the PowerPC chip offer the abil-

ity to run MS-DOS and Windows applications, as well as
Macintosh software. Moving from one environment to
the next will be seamless and, even more importantly, it
will be effortless.

PC users who move to Macintosh with PowerPC

will gain access to the large number of new applications
“ which take advantage of the incredible performance of the

new PowerPC chip.

Higher—perfoffniince optlmlzed applications.

When PowerPC microprocessor-equipped

¢ Macintosh computers begin shipping, software developers

including Microsoft, WordPerfect, Adobe, Aldus and Claris

- new processor’s capabilities.

RISC

- for Apple Report #3, coming soon.

These optimized, sometimes called “native,”

applications will offer significantly faster performance than
- their MS-DOS, Windows or current Macintosh counterparts.

Unprecedented value.

Because RISC-based personal computers cost

¢ less to manufacture than equivalent systems based on CISC
; - chips, we will be able to make this technology available for
+ generation of CISC chips, like the Pentium, are much more :
: expensive to manufacture. Which means that personal :
- computers powered by PowerPC chips can offer a signifi- :
: cant advantage in price as well as in performance.

well under $2,500 for a complete mainstream desktop sys-

tem’ Competitive with a lower-perfor- >
Ay
Apple N

mance, Pentium-based PC" Watch

A complete Macmitosb system wrh PowerPC wiclules compuater, keyboard, monitor and Machitosh 0. Prices subject to change withou! nohce *“Rased on current applications level testiny as of faniwuiry 1994 ©1994 Apple Compuder, Inc. All rights reserved Appie. the Apple logo and Macinlosb are reg
ssteved trudemurks of Apple Compuater, Inc. PowerPC and the PowvrPC logo are trademaris of hutersationial Bustiess Muchines Corporation MS DOS 1s a regstered trudeniark of Microsoft Corporation Penttium §s a Irademiark of intel Corporation. SoftWindous 15 a trademark of Insignics Solytions knc




Give your power-hungry so

The OverDrive™ processor. processor to your Intel486 SX or DX How does the Intel486 DX2
The single-chip upgrade that maxi-  CPU-based system. And watch al/ OverDrive processor do it? Using
mizes your PC’s performance. your power-hungry software take off. Intel’s innovative DX2 “speed doubl-
Want to see a The OverDrive processor ing” technology, it runs internally at
spectacular per- improves the performance of all your twice the speed of the rest of your sys-
formance? Then  applications. So you can fly through ~ tem. So if you had a 33 MHz SX or
add an Intel486™  your overwhelming workload with DX Intel processor, you would now
DX2 OverDrive  the greatest of ease. have a 66 MHz DX2 Intel processor.
*For European inquiries, call +44 (0) 793 431155, and ask for infopack 10D2.
© 1994 trtel C ion. AutoCAD is a regi: of Autodesk. is a regi i of Adobe Systems Lotus 1-2-3 is a regi of

Lotus Development Corporation. Quattro Pro is a regi of Bortand i Inc. Accessisa of Mi C ion, WordPerfect is a registered irademark of WordPerfect Corporation.
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ware up to70% more ka-boom.

Software Performance Increase To install the Intel486 DX2 mance of your software, call
AuoCAD® | OverDrive processor, you can either 1-800-354-3112, Ext. 5719 for a free
50% .. . .
WordPortect® . | plug it into the OverDrive socket or demo disk. It could be the greatest
Access™ e swap it with your original micro- show on earth.
Lotus® 1-23° ) 729 processor, depending on your system
Quattro Prof L 7% | design. . =
Hostator® _ > 81% To geta better idea of how the I n
[EEE——— mecovemsr= | QverDrive processor boosts perfor- ®

Circle 102 on Inquiry Card.



Letters

WANSs in a LAN Society

l
I want to congratulate you on your cover |
story “Linking LANs” in the December |

1993 issue. The article was outstanding. 1
have been a professional in .
the WAN (wide-area net- m
work) arena for quite some (]
time, and I thought that I
knew it all. Your approach
has really made me look at
my area from the other side
of the fence, the LAN—
something that I'd thought
I had done before, but, just
as you said, in a “cultural-
ly hampered” way.

Paul Liesenberg

| SYATE OF YiE ANT

TP iR rwhan COMPUYING AL Firar

Linking LANs

Rwort't be fun, Eweﬁwhneldm.wm
compromises,

1 State of the Art or Mainstream?

I am often impressed with the thorough-
ness and accuracy of the articles in BYTE.
However, | have some questions about
“Printers in Transition” and
“The Printers Talk Back,”
both in your December
1993 issue. I am alarmed
that your magazine would
have its readers believe that
dumb printers and bidirec-
tional printer communica-
tion protocols are “state of
the art” when the truth is
that they have been in wide
use for the better part of a
decade.

!
i
4'

n(uu wr

Frankfurt, Germany Er:gers Become More Intelligent , The fact that these things |
* Put a CD-ROM on your network .... ‘JIIM are new to DOS does not
L@ Apple's newest models ... ]

Regarding your cover sto-
ry “Linking LANs”
division of IP address space on organiza-
tional boundaries. No, no, no! Domain
names reflect organizational boundaries.
IP address assignment and subnetting are
only related to network topology and ad-
dress assignment authority (stand-alone
or delegated from the NIC [network inter-
face card]). Mismanagement of IP address
space as described in this article is proba-
bly the prime cause for the rapid decrease
in available addresses from the NIC.
James Cutler
Troy, M1

We can see how a reader might miscon-
strue the design of our examples in the
text box “TCP/IP Addressing” on page
84 (December 1993). The confusion
comes from the often strong relationship
between the operational organization
and its geographic organization. A few
words specifically about network topolo-
gy were called for and would have pre-
vented anyone from being misled. Right
you are about the mismanagement of IP
address space being a major problem.
Thank you for your insightful comment.
—Eds.

I read your article on LANs/WANs (“Link-
ing LANs”), and I want to thank you for
what was for me a very timely piece. We
are just now grappling with these issues
as we prepare to issue an RFP (Request
For Proposal) for global X.25 and value-
added data services. Your article cleared up
a number of hazy areas. Thanks.

D. Dion |

Rome, ltaly
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: The article implies |

mean that they are new to
the computing world. I can only conclude
that no one involved with the production of
these articles had any knowledge of the
Macintosh. If you aim to describe the state
of the art, you should make sure that you
understand current mainstream practice
first.

Alex Lewin
Cambridge, MA

Lying with Statistics
Your November 1993 review of subnote-
books (“Windows Under 4 Pounds” )
] didn’t say how the “overall” performance
numbers were calculated, but the method
that you used seems to have arrived at the
arithmetic mean of the indi-
vidual test results. Those re-
sults were normalized num-
| bers, whose arithmetic mean
| is not meaningful. The article
“How Not to Lie with Statis-
tics: The Correct Way to
Summarize Benchmark Re-
sults” by P. J. Fleming and
J. J. Wallace (Communica-
tions of the ACM, March
1986) describes why the geo-
metric mean, not the arithmetic mean, is
the only proper average for normalized
’ numbers.

Applying the arithmetic mean can give
some pretty silly answers. Benchmark
testers commonly misuse the arithmetic

| mean, but I hope that BYTE will not do
| soin the future.

|

Clem Dickey
San Jose, CA

In the article that you cite, we used the
geometric means to compute individual
subtest results, but the overall perfor-
mance value was computed using an
arithmetic mean. If we had used a geo-
metric mean to compute the overall val-
ues with this particular data set, the rel-
ative rankings of systems would have
remained unchanged, and magnitudes
would have decreased only slightly.
However, you are correct in your criti-
cism. We are currently revising our
benchmark tests, and future test suites
will not use arithmetic means to
compute overall performance scores.
—Eds.

Looks Like Greek...

As a conclusion to his Commentary “How
Are You at Interfacing?” (December
1993), Edward R. Swart states that, “In
the end, the distinction between natural
languages and computer languages will
tade away.” Then you give Swart’s In-

| ternet address: “Tswart@snowhite.cis

|

.uoguelph.ca.”

Limpidly clear! I was sure that evolu-
tion would go the other way, but I was
wrong.

Jean-Pierre Frankenhuis
Paris, France

Refocus Response

I would like to commend you and the
BYTE staff for refocusing your publication
to speak more to technical issues.

Not too long ago, I was con-
sidering canceling my subscrip-
tion to BYTE. Let’s face it, I can
| get DOS and Windows coverage
| nearly anywhere. But the last
several issues have been so good
that I have kept them around for
reference.

And BYTE just keeps on get-
ting better. The Advanced Oper-
ating Systems issue (Windows
vs. O§/2 Special Report, November 1993)
was the best one yet.

Fred Cantwell
Trenton, NJ

We want to hear from you. Address correspon-
dence 1o Letters Editor, BYTE, One Phoenix
Mill Lane, Peterborough, NH 034358; send BIX-
mail ¢/o “editors”; or send Internet Mail 1o let-
ters@bytepb.byte.com. Letters may be edited.



PREPARE TO 1LOOK
PROJECT MANAGEME
IN A WHOLE NEW WAY.

resource costs and usage cn a
period by period basis. Perfcrming
multiple “what-if" scenarios is
also a breeze with its ability i0 do

Introducing Project
Scheduler 6 for Windows."

Kasy-to-use project

; b multiple undo/redos in seconds.
!nanagement SOlt-“ Gl You can manage multiple
with tl}c advanoed 1eg1tures projects from a single resource base
youve l)cen mlssmg, and rearrange activity information
) by function (WBS), organization
Now you can easily analyze and (OBS) or resource (skill codes)
report rapidly changing schedules  making it easy to view and present
and resource availability with data in the most meaningful way.
greater accuracy and speed. And with Project Scheduler 6's
Sophisticated model- unique ability %o build
ing features like the g Widge! Schedute Staug an ODBC rroject
Advanced Resource e repository,
Tracking Spreadsheet ST spreadsheet and
(ARTS™) make Project == Ls-;’:wﬂ- database users from
Scheduler 6 the only S e other departments
Windows-based =TT can access and
product to let you S " update projecs data
enter and evaluate e 1 o foradded efficiency.

|

Project Scheduler 6 |« QRSEUS f\
lets you build standard- . JREY
ized screens and reports %

ihe project management
experts who developed
the entire Project

fcr consistency across Scheduler series of
your entire organization, multi-platform
or create custom formats software. Scitor also
on the fly for ultimate offers the most
flexibility and impact. comprehensive

Our object-oriented Before youmake aproject  training and consult-
report writer offers out- d’:;:f]ie’c“;rf‘osr“t:‘l”s’?r’:e ing programs in the

) . & ion, :

STAtIldJn%lllanOUt V§¥SaUhty executive summary. mdllflsny; Jooking f
not usually found in you'te looking for
project management Call 415-570-7700 project management

software that offers both powerful
features and true ease-of-use, then
take a closer look at the new Project
Scheduler 6 for Windows today!

|Scitor

¥ Corporation

software. It allows you to select
and precisely place data fields,
change fonts on-screen, and even
incorporate colorful logos for
sensational-looking reports.

All of our software comes with
free telephone support that won't
keep you waiting In an electronic
queue and includes access to

© 1993, Scitor Corporation. 393 Vintage Park Drive, Suite 140, Foster City, CA 94404. Tel. 415-570-7700. In Canada, call 905-840-5493. In France, call (1) 432944 37 In Germany, call 069 - 6 66 80 25.
Project Scheduler 6, ARTS. and the Scitor name are trademarks of Scitor Corporalion. Windows is a trademark of Microsoft Corp.




Call IBM PC Direct today!

ThinkPad 500

HOT BUTTON: EASY ADD-ONS: -
Our renowned - ) PCMCIA cards : YOUR NAME HERE: ThinkPad 500

TrackPoint Il™ cursor- make adding LAN 1 \ You can order

pointing device lets connectivity, a g a free ID plate « 486SLC2, 50/25MH7 processor

R o e e o (i il v 1666 el cace

« 4M / h i

IBM® PC Direct™ has ThmkPads with more of what you want, and less of what you don't: More features 101w ..B RAM‘.% B ffd qnve ‘
P » 10.1"w x 7.5°d x 1.6"1/3.4 Ibs. with battery pack

and power. Less size and weight! The ThinkPad® 500 is a sleek 3.4 pounds. Yet, it packs enough high-speed « 7.4" monochrome passive-matrix

horsepower to let you take your most sophisticated desktop applications on the road. ’ LCD display, 64 grey scales

NOw = want to carry off color with ease? Then call us about the ThinkPad 350C. You get a 9.2" backlit, « 81-key keyboard w/integrated TrackPoint Il

256-color, passive-matrix LCD display. There's plenty of power for your current needs. And ample Space to « PCMCIA slot

upgrade for more. All in an easy-to-take 5.7-pound package. Both of these lightweights get the heavyweight « IBM DOS preinstalled

backing of IBM's HelpWare®, including a 30-day moneyback guarantee’ and around-the-clock telephone « 1-year international traveler's warranty’

assistance.' You'll find them at 1BM PC Direct. To order these, or any of our other critically acclaimed IBM % (BM Credis Lease

ThinkPads, call now. 81 99 $72/mp.**y

“{BM PC Direct prices only. The offerings, prices and products are subjec ‘0 .hange or withdrawal without prior notice. Product. you acquire may nol be counled under any existing Volume Pu-cha  Agreement he same oferings z1a ploﬂu Mmay be avarable lhlough IBM A ithorized Remé-kers
Remarketer prices may vary. Shipping and handling charges extra. **IBM Dr-dit Lease Prices quoted lor 36-month terms, Leas rates quoted are good ihrough 3/31/94, after which kme rates .ve s'ibject to chinge withou fomes only tAt nosdcitioral
Charge durtng warranty. ThinkPad 500, ThinkPad 350C and ThinkPa 35.am manufactured i U.S. IBM ThinkPad and HelpWere are registered trademurks and EasyServ and Trackpoint¥i are mademarks of In‘ernationa Buw PC Directina tmuenurk d! 2ifl Communications Company
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ThinkPad 350C (color)

« 486SL, 25VIHz processo
with KB internal cache
« 4MB RANi/250MB hard drive:
3.5" 1.£44MB diskette drive
o 11.7'wx 8.3"d x 2.0"h/5.7 Ibs. with battery pack
+ 9.2" 5TN backl't LCD, 256-color display
« Full-size keyboard w/integrated TrackPoint II
« PCMCIA slot
« IBM DOS preinstalled
« 1-year internaiional traveler's waeranty

sz 99 X (IBM Eredil Lease
7 $108/Mc."*)

and is used ay IBM umrder icer se. © 1594 International Bus
800 426-Z8 b1 details regarding IBM's moneyback guarante
Iraveler's warr :nty-service avarable in where ThinkPad 1s sadk Carry-

Qatians Window

Hﬁ)umﬁ;&a 1.0- INEWSLTA?, WS
Bl e Ll Tamar goami 1
Helpdl Optiong glmlw MHelp .

ThinkPad 350C

ThinkPad 350

« 486SL, 25MHz processor
with 8KB internal cache

» 4MB RAM/125MB hard drive

3.5" 1.44MB ciskeite drive

« 11.7'wx 8.3"d x 1.9"h/5.2 |bs. with battery pack
« 9.5" monochrome STN backlit LCD display, 64 grey scales
« Full-size keyboard w/integrated TrackPoint Il
« PCMCIA slot
« IBM DOS preinstalled
« 1-year international traveler's warrarity’

M % (IBM Credit Lease
sl ’9 3 )

nes Corporation. 3 Warranly and 30-day guarantee ation available through {BM ine IBM Acthorized [
nid warranty. Copies of tf

uarantee and mited warrartv available upon re

b4 » ™ 2 1°Q
W()u putting l/lep('/.sonu/
in personal computing.

Order Now!

1800 426-7860

8am-midnight M-F, EST; 8am-7pm Sat., EST.

\c) \\J\'/ls;\'

Purchase orders available for
qualifying customers.
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WINDOWS If you’ve used NT, you’ll
find Chicago’s threaded pre-
emptive multitasking, layered
device-driver model, desyn-

o
) chronized input queue, event-
lca O driven scheduling, and long
‘ filenames also familiar. In the

latter cases, Chicago mimics
NT features without sharing
NT’s code: there’s no NTFS

h h (NT File System) in Chicago,
n m 1 ].OllS tor example. The new long file-
names are shoehorned into

multiple directory entries.
Does Chicago do away with

¢
m r ml DOS? Yes and no. Chicago’s
boot process begins with a
modified version of real-mode

MS-DOS that processes AU-
TOEXEC.BAT and CONFIG

A 4-MB RAM budget and a strict compatibility mandate SSifipresent (theyirelop:
forced hard choices with Chicago tional) and loads real-mode

o UBELT sl Windows Chicago Architecture

Ring 3 (system virtual machine)
' P
icrosoft hopes that Windows 4.0 (also known shell y
application

K X services:
as Chicago) will upgrade many of the world’s 40
application —_— =
Win16
i

Kernel
million existing Windows 3.x PCs and will ship on Grapiice

N Window
most new PCs in 1995. For users, Chicago’s mis- applicaeon || Management
sion is threefold. It must match or exceed the per-

formance of Windows 3.x when running on a 4-MB Ring 0

TSR programs and device driv-
ers. But when protected-mode
components like the VFAT
(Virtual FAT) and CD-ROM
file systems, network redirec-
tor, and 32-bit DoubleSpace
driver load, they can, in many
cases, unload their correspond-
ing rcal-mode components
from memory. DOS will then
be history, unless you depend
on a real-mode device driver or
TSR for which you have no
protected-mode replacement.
Novell’s Btrieve requester
and Eicon’s NABIOS redirector
are examples of the kinds of’
services that, until rewritten as
DLLs or VxDs (virtual device
drivers), will perpetuate DOS
dependencies in Chicago. You
also incur DOS dependencies

Ring 3 Ring 3
(MS-00S (MS-DOS
virtual machine) @§ virtual machine)

386. It has to work more intuitively than Windows L Installable file system manager‘”

Virtual machine manager

3.x. It must cram as much of Windows NT’s ro-
bustness and multitasking muscle as will fit into

Ring 0 Components

4 MB. For developers, it must also propel the

Win32 API that Chicago shares with NT to the

. . . . ) Installable file system manager
forefront of Windows programming, while in-

( Memory manager

Scheduler
troducing new messaging, telephony, and Plug P 1SO 9660 Network DPMI services
and Play APIs CD-ROM redirectors
an ay . MS-DOS-based manager
Chicago’s ease of use will be judged initially on IfO subsystem Virtual 8086 manager
the strength of a completely new (but still unfin- [ O susyStemmanages l Configuration manager
ished) shell that unifies the functions performed in ’ Other layers Communications
Windows 3.x by Program Manager, File Manag- Keyboard and display
. SCS! transiation | .
er, and Task Manager. What isn’t completely new, Gk SRR Other devices
especially it you’ve used Windows for Work- ~ SCSIminiport driver Dynamic VxD loader

groups 3.11, are many of the technologies under

Chicago’s hood, such as virtual device driver—
based disk, file, and network support. written as 80x86-specific VxDs.
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While Chicago's IO subsystem mirrors that of Windows NT, a number of device drivers will be




when you launch a DOS box to
run a character-mode applica-
tion. But if you run only 16- and
32-bit Windows-based drivers
and applications, you'll never
invoke any of Chicago’s MS-
DOS components.

Chicago’s virtual machine
manager, like that of Windows
3.x, can create multiple virtual
8086-mode scssions. Thesc
share a common MS-DOS con-
text in low memory. and their
separate mapped address spaces
are also visible to ring 0 com-
ponents, notably VxDs (sce Be-
yond DOS. Scptember 1993
BYTE). Like OS/2 2.x and un-
like NT, Chicago’s DOS-box
architecture favors compatibil-
ity (performance) over system
robustness (protection from
crashes). because Chicago will
have to run DOS-based games
without excuses.

Microsoft’s design retains a
large amount of" 16-bit code.
also for compatibility. When
Win32-based applications call
a 32-bit API that's implement-
ed by a 16-bit component of
the system. the function call is
“thunked,” or translated to its
16-bit cquivalent. a process that
incurs overhead. Chicago’s
three main modules—KER-
NEL. GDI. and USER—re di-
vided into 16- and 32-bit parts.
Win32 programs on Chicago
will thunk down to 16 bits to
access many GDI and USER
services, much as Win32s pro-
grams do today. Win32 pro-
grams will image into the same
16-bit coordinate space that
Winl6 and Win32s programs
do today. not the vastly larger
32-bit grid available to NT pro-
grams.

Chicago's Winl6 support is
a potential Achilles heel. Chi-
cago’s 16-bit system compo-
nents are not reentrant, which
means they can’t be safely ac-
cessed by Win32 application or
system threads. Every multi-
threaded operating system, in-
cluding NT, uses some form of
API serialization. The problem
with Chicago’s scheme is that a
Win 16 application that dawdles
when processing messages
can lock out other Winl6 and
Win32 applications. In this con-
text, a single 16-bit Windows
application is the weak link in

the chain. In an environment
with only Win32 programs run-
ning, programs won't be nearly
as vulnerable.

If you use Chicago to run
Win32 applications only, it will
more closely approximate an
“NT lite.” which lacks NT’s
security, portability. scalability,
asynchronous 1/0, Unicode,
and event logging. Chicago ap-
plications run in private address
spaces, just as they do in NT.
However, Chicago's memory
management, scheduling, and
1/0 services are modeled on—
but not ported from—NT.

Chicago, when running a
mixture of DOS and Winl6
applications, will behave much

POWERPC MACINTOSH

like Windows 3.x with a tew
improvements. As in Windows
3.1, DOS applications still mul-
titask preemptively. while
Winl6 applications multitask
cooperatively. To better track
resource ownership and sim-
plity cleanup when applications
fail, Chicago runs each DOS
and Winl6 application on a
separate thread. As a result,
Chicago should handle DOS or
Winl6 crashes more cleanly
than Windows 3.x.

Even at its best, though,
Chicago is not the pure 32-bit
operating system that NT is.
Instead, it is a 16- to 32-bit hy-
brid. At the December confer-
ence in which Microsoft dis-

tributed its second preliminary
developer Kits, programmers
who hadn't worked yet with
NT were, in general, more im-
pressed with Chicago than
those already familiar with NT.

Microsoft still lacks an op-
erating system for the midrange
RISC (i.e., $3000 8-MB Pow-
erPC-based) systems that will
hit the streets this year. But
Chicago represents an ambi-
tious Windows upgrade for the
huge installed base of 4-MB
PCs. If the result of Chicago’s
cOmpromiscs is an operating
system that is easier to usc,
more powertul, but not fatter
than Windows 3.1, the payott
will be huge.

Low-End PowerPC Leaves
68040 Macs in the

Dust

A s Apple nears the release of its first wave of PowerPC-based Macs, preliminary test results
show the least expensive PowerPC Mac completing compute-intensive tasks at least three to four
times faster than a 25-MHz 68040-based Mac Quadra 900. Two separate tests using a preliminary
native PowcrPC version of Infini-D, Specular International’s (Amherst, MA) 3-D modeling, ren-
dering, and animation package. indicate that even the low-end PowerPC Mac—which sources
say will sell for about $2000—will offer a significant
performance improvement over the fastest current Macs.

All native PowerPC Mac applications will get a speed
boost over their 68000-based cousins, but professionals
who use applications that traditionally tax a processor,
such as four-color desktop publishing, CAD, and video-
editing programs, will see the greatest time saving in
switching over to native PowerPC Mac applications.
Specular ((413) 253-3100) stresses that the test results for
the PowerPC Mac shown in the chart reflect performance
of beta software running on a preliminary version of the
Mac system software and prototype hardware. As the
products near commercial release and are further refined,
performance should improve cven more. —Dave Andrews

.
—

Infini-D lets you quickly create 3-D wireframe models
and render them using a variety of surface patterns
like marble, wave, and corrosion. Once they’re
rendered, you can easily create professional

animations.
p - S S e S i —
Infini-D Benchmark Results
-« Better Worse »
Test 1
B Low-end PowerPC Mac (about 60 MHz) ‘
B Mac Quadra 900 (25 MHz)
Test 2 2 el
B Mac Iici with fast cache (25 MHz) l
- ' s > 1
Minutes o 10 20 30 a0 50 60

| B — = =

All machines had Infini-D running under a 12-MB partition. Infini-D 2.5.2 is the current shipping version and the version used on
the lici and the Quadra. The PowerPC Mac is prototype hardware, with beta system software and a beta version of Infini-D. Test 1
{shown in the screen shot) was rendered using ray tracing and low antialiasing and with reflections, transparency, and shadows
turned on. Test 2 (not shown) was rendered using phong shading with shadows turned on. Lower numbers are better.
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THIS IS THE QNX
REALTIME OPERATING SYSTEM...
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THE OS OF CHOICE
FOR EMBEDDED SYSTEMS.
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THE OS OF CHOICE FOR ANY SYSTEM.
THE CHOICE IS YOURS, MODULE BY MODULE.

See us at CeBIT,

Hannover, Germany, Hall 12,
WE WORK IN REAL TIME.” Stand B58, Booth 10

1-800-363-9001

(EXT. 201)

QNX SOFTWARE SYSTEMS LTD. 175 TERENCE MATTHEWS CRESCENT. KANATA, ONTARIO, CANADA K2M 1W8 TEL:613-591-0931 - FAX:613-591-3579

© QNX Software Systems Lid. 1994. QNX is a registered rrademark of QNX Software Systemns Ltd.  All other trademarks and registered trademarks belong to their respective owners.
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THE GERMAN NEWTON PDA

Teutonizing the Newton

HAMBURG—When developing soft-
ware for today’s global market, develop-
ers must contend with various factors, in-
cluding adding support for non-English
characters, translating text strings, and sup-
porting varying time and date formats. But
in working on the German version of the
Newton PDA (personal digital assistant),
which was released in mid-December, Ap-
ple’s Newton localization team, headed by
Cindy Roberts, found that handwriting-
recognition systems add a new set of factors
to consider in localizing a product. Apple’s
programmers had to contend with major
differences between American and German
handwriting and the languages themselves.

When you use the Newton’s dictionary-
based recognition system, you get a mixture
of surprisingly good—and confounding—
results. The dictionary-based approach,
which considers only words that you have
stored or added to the system dictionary,
works well for languages like English. But
this system doesn’t account for inflections,
which are characters that change a root
word’s tense, case, or number (e.g., the
American version of the Newton needs
separate dictionary entries for house and
houses). Consider the following:

the green house/the green houses
das griine Haus/die griinen Hiuser
la maison verte/les maisons vertes

The two phrases in three languages have
equivalent meanings, but the German and

French versions show more changes to the
words. Newton would cover the English
version with four dictionary entries, but it
would need six entries for each of the other
versions. Verbs have many more inflec-
tional forms in German and French, so the
system wouldn’t require you to make as
many corrections if the German version
provided support for inflection rules.

But what the Newton localization team
found even more haunting were those fa-
mous long German words. In English, com-
pound nouns are written as separate words,
but in German, they are written as one word.
House door key would require three dictio-
nary entries in English, but the German lan-
guage needs a separate entry for Haustiir-
schiiissel, as well as for other permutations,
including Haus, Tiir, Schiiissel, Haustiir,
Tiirschliissel, and all their plural forms.

German-speaking Newton team member
Peri Altan refined these word lists and
came up with a dictionary of 17,000 words,
almost twice as many as the U.S. version
(the Japanese Newton, which was due to
ship in January, needs 8 MB of ROM—
twice the ROM capacity as that of the U.S.
version). Other changes that the Newton
localization team had to add to the Ger-
man version are listed in the text box
“From English to German.”

Localizing systems that rely heavily on
handwriting recognition requires much
more than the simple translation of text
strings, but the same is true for systems

FROM ENGLISH TO GERMAN

The following are but a few of the changes that
Apple’s localization team made in modifying the
U.S. Newton to work for German-speaking users.

* The cues for Newton's Intelligent Assistant, which
interprets natural-language commands like “Fax
Bob,” required language changes.

* Date formats had to be changed. One of the less
obvious ones was the calendar overview, which
starts the week on Sunday in the U.S. but on a
Monday in the German version.

* Time formats had to be changed to 24-hour mode
and to handle the various ways you input time.
Consider this partial list of valid time formats
for handwritten entries in the date-book appli-
cation (Uhr means o’clock): 3, 3 Uhr, 0, 0.00
Uhr, 0 Uhr, 22.32, 22.32 Uhr, 07, 07 Uhr, 1.15
Uhr, 6:30, 6:30 Uhr, 6:6, 6:6 Uhr, 08.03, 08.03
Uhr, 0:23, 0:23 Uhr, 13 Uhr 57, 2 Uhr 55, 02 Uhr
09, 02 Uhr 1, 02 Uhr 14, 02 Uhr 0, 1 Uhr 1.

¢ Phone numbers, which are formatted as (000)
000-0000 in the U.S., needed a more flexible
format that accounts for the varying lengths of
phone numbers in Germany.

¢ ZIP codes and currency symbol fields also needed
to support formats of varying length.

that rely on speech recognition. For de-
velopers who are worrying about the work
involved in localizing their Newton appli-
cations, Apple’s Roberts says that many
German and other international users will
be happy with a U.S. version of an other-
wise satisfactory program, provided the
program does not force constraints (e.g., an
inflexible phone number, ZIP code, time,
date, and other formats) on the user.
—Udo Flohr

Newton Recognition Architecture

The recognition system in the American Newton
uses a multiple recognizer architecture, with dis-
tinct recognizers for words, shapes (graphics),
and editing and command gestures. The word
recognizer uses built-in dictionaries to choose
words that, with sufficient probability, match
what you write.

The recognition process involves a hierarchy of
recognizers that take specific types of recognition
units and produce more complex units as output.
Each recognizer processes its input according
to a set of rules, adds interpretations to the in-
put, and combines this more refined informa-
tion in an output recognition unit that is then
passed on to higher-level recognizers. To rec-
ognize a word that is made up of printed, sepa-
rate characters, the strokes that make up the

word are interpreted as character parts, then
the parts as characters, and then the charac-

separate recognizers as for the American ver-
sion. Apple declined to disclose any other modi-

ters as a word. fied elements. —U.F.
This structure lets developers add new _
recognizers at different levels of the hi- Strokes
erarchy. This part of the Newton operat- R —
ing system is only accessible through the il e R
C/C++ interface. At this point, the New- | Digit-part | character- | i '
tonScript programming language andthe | ' HDTOUNASENNS| [ Per recopiser \
NTK (Newton Tool Kit) don't offer tools gﬁ;‘r’]ier 1 LB v mﬁ“‘".{.
to add recognizers to the system. e - 3 I = '
a Digit Character- |
Because Americans and Germans are | recognizer recognizer o
taught different handwriting styles at an Ds | hrscien] Cursive- }
early age, certain elements of the New- | Y .wx“ “’IE‘-‘,”‘”',
ton recognition code were modified for Printed- N
the German version. These modifications w:::d "T"gmm
include a combined printed and cursive ¥
handwriting recognizer, instead of two | —
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Powel'. Unleash the 32-bit power of Intel’s 386, 486 and Pentium
processors on your most demanding FORTRAN applications with
WATCOM'’s 32-bit FORTRAN. F77* delivers 32-bit performance. The
32-bit flat memory model simplifies memary management and lets
applications efficiently address large amounts of memory. Powerful 32-bit
instruction processing delivers a significant speed advantage; typically a
minimum 2x processing speedup. Together, the power of F77* and these 32-
bit processors provide a desktop platform that is capable of handling
mainframe FORTRAN applications.

Pel'fol'mallce. The hot, new F77* code generator advances

the performance envelape. New superscalar optimization strategy uses
“riscification” and instruction scheduling to deliver improved performance
on 486 and Pentium processors. The compiler can create a single, high-
performance executable which runs on 386, 486 and Pentium processors.

Pl aifol'ms. In a single package, F77* supports a wide range of
32-bit Intel x86 host and target platforms. F77* applications can fully
explait the graphical user interfaces of Windows 3.x and 0S/22.x.

» 32-bit DOS host and target support; includes the DOS/4GW 32-bit
DOS extender by Rational Systems with royalty-free run-time and
virtual memory support up to 32Mb.

» (S/2 2.x host and target support; enables development of OS/2 2.x
applications and DLLS. 32-bit Windows 3.x applications can exploit
WIN-0S/2 using WATCOM’s 32-bit Windows Supervisor technology.

» NetWare NLM 3.11 and 4.0 target support; includes licensed
compenents of the NetWare 4.0 SDK.

» Windows NT host and rarget support; includes a Windows NT-hosted
debugger for 16-bit Windows 3.x, Win32s and Windows NT
debugging; also includes Win32s target support.

> 32-bit Windows 3.x target support; includes WATCOM’s 32-bit
Windows Supervisor, and enables development and debugging of true
32-hit Windows 3.x applications and DLL's

PDI‘tIng. To ease porting of existing code from
other platforms, F77* has been enhanced with VAX, FORTRAN
90, Micrasoft and IBM VS language extensions. F77% supports the full
FORTRAN 77 ANSI standard and is compatible with IBM’s SAA
FORTRAN language definition.

C and C++ Compatlbllltv. Run-time compatibility
with WATCOM €/C++* allows you to combine C, C++ and FORTRAN
modules in a single application. Seamless debugging eases development
of mixed-language applications.

Professmllal = The comprehensive professional toolset
includes a full-screen source level debugger, profiler, linker, librarian, object
code disasserabler, make utility, 32-bit royalty-free DOS extender, licensed
components of the IBM 0S/2 2.1 Toolkit, Microsoft Windows 3.1 SDK and
NetWare 4.0 SDK and much more.

Price. waTCOM FORTRAN 77% v9.5 has a suggested retail price
of $599*. Dealers may sell for less. For additional information or to order
direct call 1-800-265-4555. You can also call our FAX Back system
§19-747-2693 from your fax machine for immediate product information.

Promise.

You can try F77* risk-free. If for
any reason you are not completely
satisfied with the product, simply
return it within 60 days to the place
sf purchase for a refund **

WATCOM FORTRAN T
Prokes

cavaliits Lo, ™Y ey
FORTRAN Corgerant b

<
=
‘“""'ll‘

1-800-265-4555
The Leader in 32-bit Development Tools

415 Phillip Street, Waterloo, Ontario, Canada Telephone: (519) 886-3700, Fax: (519) 747-4971

“Price w1 US doliars. Does not include freight and taxes wnere applicabde. * Some: reseliers may charge restocking fee and limit time period for refund. Consult reseller prior tu purchase. WATCOM and the Lightning

Device are trademarks of WATCOM International Corp. 80486 pracesser photo courtesy of Intel Corp. D0S/4G and DOAS/16M are rh

raspexiive owners. Copyright 1993 WATCEM International Corp.

of Rational Inc. Dther

ks are the properties of their
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News & Views

NETWORKING

Tut’s 10-Mbps Telephone Cord
Network Could Be Small-Office King

Peer-to-pccr network oper-
ating systems and network-
ready computers can help re-
duce the aggravation that often
comes with networking a work-
group or small office, but if you
want to run your network at 10
Mbps, chances are you’ll have
to rewire your office building.
Most offices today that are not
yet networked do not have suf-
ficient quality cable installed
to support standard 10-Mbps
networks.

Small-office users who don’t
want to pull data-grade wire
have turned to solutions like
Farallon’s PhoneNet, which
uses a regular telephone cord
to transmit at LocalTalk (230
Kbps) speed, but this can of-
ten prove too slow a solution
for any office with significant

network traffic. Attempts to
push data across standard tele-
phone cable at 10 Mbps were
sidelined by numerous prob-
lems, such as common-mode
noise (electronic interference
from other electrical devices)
and signal distortion, which is
why networking companies
(e.g., Synoptics) had to con-
vince users that the power of
networks was worth the incon-
venience and cost of pulling
extra data-grade cable through
their office walls.

But new developments by
Tut Systems (Pleasant Hill,
CA) bring the power of 10-
Mbps networking to compa-
nies that previously couldn’t
be bothered by the complexi-
ties of network wiring. The
company’s Silver Streak prod-

uct line provides an off-the-
shelf 10-Mbps Ethernet imple-
mentation over plain old tele-
phone (silver satin) cords. The
product’s ease of installation
should bring a wide variety of
network applications to small
workgroups and home offices
that have shied away from in-
stalling a 10-Mbps network.
The secret to Tut Systems’
success is the company’s pa-
tented new balun, a device that
puts the data signals on the net-
work wire. Tut Systems’ balun
attenuates noise by a ratio of
10,000 to 1 (typical baluns
used in 10Base-T networks
achieve a ratio of about 100 to
1), which increases network
throughput and reliability. The
product also meets FCC Class B
emission requirements, which

1994
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1995

Revenues from video-based PCs will exceed those of conventional videoconferencing equipment starting in 1996,
according to consultancy Ovum (London). Companies like Apple and SGI have already released video-capable com-
puters, and others will soon follow. Acer America expects to release a videoconferencing PC for less than $6000
in the first half of this year. Networks are the weakest link in the chain, but the situation is improving. Companies
like Starfight Networks (Mountain View, CA) and ProtoComm (Trevose, PA) have developed video-server products
that integrate video traffic into LANs. More recently, Novell released NetWare Video, an NLM (NetWare loadable
mnmmmuwmmmunumwmummmmmmm
MWSW&OMMWN&BMUMﬂnythDWIMMMM
100 Mbps. Iu&owmmmmm desktop equals video PCs,
file servers, and software; and consumer equals TV/CD-ROM players and TV set-top boxes.

Networked Multimedia's Business Opportunity
25,000 -
20,000 _: [ B Europe meeting: [ U.S.:eskto;)
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_§ 15,000 ’: | I Europe desktop B U.S. consumer
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SILVER STREAK PRODUCTS

| * AUI/AAUI connectors that
attach to a network-ready
| computer: $99 each.

* Complete Ethernet solution

for IBM PC, Mac Il, or Mac LC

that includes NIC and Silver
Streak Connector:
ISA package, $199;

| Mac solutions, $249 each.

| * 10Base-T Converter: $199.

* Single UTP Converter for
Tut's MH series hubs: $99.
Tut Systems, (800) 998-4888
or(510) 682-6510;
fax (510) 682-4125.

means it can be used in home
offices.

“Small offices employ over
half the workers in the U.S.,”
says Taylor, citing U.S. De-
partment of Labor statistics.
“The power of networking is
well recognized in the corpo-
rate market, yet small offices
have been very undernet-
worked.” According to Taylor,
one of the major barriers to
small-office networking has
been the cost of installing a net-
work. This cost includes time
needed to install the network
or the actual expenses in hir-
ing an expert to install the net-
work. “With Silver Streak,” he
says, “‘we decided to slash that
cost by creating a whole new
class of installers—the users.”
Taylor added that with Silver
Streak, you simply need to con-
nect a $99 Silver Streak Con-
nector to a network-ready com-
puter and then connect the
computers with telephone wire
(the product also works with
any level of unshielded twisted-
pair cable).

“What PhoneNet did for Ap-
pleTalk, Silver Streak does for
Ethernet,” says Don Preuss, a
section chief at the National In-
stitutes of Health (Bethesda,
MD) and a beta tester of Sil-
ver Streak. “It’s easy to set up;
there’s no need to look at the
manual. And there’s not much
more to say about it. It works
the way they say it works.”

—D. A
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Communicate

Faster & Easier
Close-Up' lets you
communicate faster &
easier with five
exciting tech-

WinBench™ 3.11 by Ziff-Davis Labs
Tests Remote Windows™ Speed

This graph shows the speed of the three leading remote control
ograms when transferring Windows screens. As you can see,

Close-Up handles more pixels, faster, meaning you spend

less time waiting for Windows screens.

The industry standard test, WinBench 3.11, is perfect for
testing the speed of remotes. It is an accurate measure of video
throughput. Video throughput is the limiting factor in remote
operations, because remote programs must transmit Windows
video functions from one PC to the other.

Technology Firsts

Why Is Close-Up So Fast?
Close-Up learns as it works. It uses Al
(Artificial Intelligence) to compress all
Windows video function calls. That's why
Close-Up does so well in Windows
Benchmark tests (see
WinBench 3.11 chart).

PC Magazine's coveted
“Editors Choice” and PC
World's “Best Buy”
awards. Now Close-Up
has a new faster & easier
version that allows you
to view and control
another PC by modem
as if you were there!

WinBench scores
(averageof 10runs):
Close-Up 1,613,118

peAnywhere 194,093
CarbonCopy 168,397

Carbon Cbpy ‘

for Windows 2.0

0

We invite you to

nology firsts. "1 AT Video Compression Close-Up uses s
Close-Upis | 2. Phatographic Memory | revolutionary Photo-
the only remote| 3 Nop-intrusive Technology graphic Memory”™ 50
:iommu?::: . | % Ewert System that once Close-Up
t};‘:s;gn b (?trhe 5. Video Translation | hag seen all or part of

a Windows screen, it's memorized. Then
as screens change, Close-Up only transmits
new unmemorized data. Incredibly, with
this technology Close-Up gets faster &
faster the longer you use it.

What Remote Companies

Haven't Told You

Other remote programs permanently slow
Windows and usually reduce your video
resolution and depth of color, even when
they are not in memory. That's because
they permanently change your system.ini
file. Close-Up's breakthrough Non-
Intrusive Technology does not modify any
of your sensitive Windows files including
the system.ini. Close-Up is the only remote
that when not in use, allows Windows and
your PC to run at normal optimal levels.

k of Ziff Co

oftware Sefs

New Remote 50
Windows Speed Record

e Co.

For Both
Windows & DOS

Expert System Makes

Communications Easy

You don't have to be & communications
expert to get the results of one. Close-Up
has an Expert System that automatically
analyzes system components and config-
ures your system for aptimal speed.

Video Translation

With Close-Up, dissimilar PCs can easily
connect, because Close-Up senses the
video capabilities of both PCs and
automatically displays Windows

in a video made compatible
with both sides.

Risk-Free Offer!
Try Close-Up. If you're
nf)}t, absolute%)y cor?vinced that "INOY
Close-Up 5.0 is the fastest remote

program, we'll give you your money back!*
Order Close-Up Host & Remote, a
complete system, for only $199.%

Upgra

de yaur current or competitive
remote program to new Close-Up 5.0. Get
both sides, Hast & Remote, for only $69.%

Order Today 805-964-6767
Norton-Lambert

uce this test. We used two identical Gateway 4DX2-66V's with 66-MHz Intel 486DX2-66 CPUs, 16 MB RAM, 256KB RAM cache, 340 MB HD), IDE controller, mhardware disk cache. Video: Local
us ATI Ultra Pro with 2MB VRAM, 640 by 480 pixels, 16 colors, VGA.DRV dated 3/10/92. Monitor 72 Hz. MS-DOS 5.0, SMARTDRV 2
Test performed without verification by Ziff. All products are shipping versions. WinBench trad i

MB cache. Modems: twn 14,400 baud V.32bis.

demark uf Microsoft Corp.

*60 day money-back guarantee if purchased directly from Norton-Lambert. Offer expires 6/30/%4. All prices in US Dollars. Prices exclude shipping.
© 1994 Norton-Lambert Corp,, P.O, Box 4085, Santa Barbara, CA 93140 USA Phone (805) 964-6767 Fax (805) 683-5679
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CrIIg. Visualization and flythroghs — ai your fingertips!

WﬂdOZ(’S o M walks and talks Windows. Bebind MicroStation

MicroStation offers photo-realistic rendering to every designer. right in lies the user-responsive programiming you look for in good Windows
the soflware. It’s easy lo make your image reflect your imagination. Softwarc. Version 5 gives you the ullimate in integration of CAL.

engineering, cnd business applications.

Dr. (lfl‘mg. MicroStation
gives you first-rate drafting fowse
-without the limitations of old
technology. Enjoy the advantage:
of contemporary features like ass
ciative patterning/hatching, plot
preview, standard text editing an
Jonts, and context-sensitive

Hypertext belp.

Model INY. Model any surfuce you can imagine
in MicroStation. NURBS surface modeling combined with
3D Boolean operations gives vou astounding flexibility in
creating and modifying freeform models.

Read \_Jwrite e o
AutoCAD .dwg '
WOT:&S/)(IC@S . Choose the design environment

that matches your profession or your CAD expertise

even AutoCALD. Complete with custom interfaces, drafi-

ing sivles, and design environment management.

CAD has never been so streamlined! ()1

1M1ASS
]l'llt‘rf".'il[lh@f is a register=d trademack oflnlergmlph Corporation. MicroStation® is « registered tradenrk of Bentley Systems tnc., an Intergraph affiliate. =
Other brands il procuct names are trademarks of their respective owners. Copyright 1993 Intergraph Corporation, Huntssille, Al 35894-0001. DDAD13780. MOC

point. 4
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Usabil Zlfy. What does computer-aided
drafting bave lo do with the way you think?
B Everything. MicroStation software works for
A you. It understands the drafting process so
well that it infers what you 'l do next.

NORTH ELEVATION
.o

Graphical
User In €7’de€. MicroStation’s easy-

to-use interface includes pull-down menus, dialog boxes, tear--

Pouwer. take your pick of popular environ-
. ) . ments: DOS, Mac, Windows, Windows NT, or
off tool palettes, and tool settings window. Choose your interface — UNIX. Have a look at MicroStation on Infergraph's

Windows or Motif — on any platform. Tmmpar ent Modeless Technical Desktop Series personal workstations.
0p€7‘ 1071, The software supports the way you naturally work, maintain-
ing command execution while you fine tune: change element attributes or com-
mand parameters, manipulate views, change the dimensioning system, and more.

Poweiy‘ ul View Man{bulatz’on. MicroStation supports up to eight Mi CI'OStatiOH VS. ’

active views that can be moved, sized, and overlapped to it your design. Zoom and area at

any scale. Move around your design fast with built-in dynamic panning. CAD SOftW?lI'e that

WO?’k&pﬂC@ Editor. Tailor pull-down menus, dialog boxes, and tool palettes — .
even disable commands — with a graphically oriented toolset for customizing your chosen pUtS YOU lIl Char ge.
interface. 18X/ Cﬂpﬂbl‘lﬁl‘&? . A convenient text editor lets you easily edit single-
line or paragraph text. Choose from TrueType, PostScript, Autoj]lgD sl?x, and  Call 800-545-4856 for a free
MicroStation fonts. ASCII text files can be imported and exported. M ZLLLIDLE g ;
Undo/Redo Commands. undo mistakes and perform “wha:-bif” broqhure on MicroStation
designs in a flash with unlimited undo and redo. P lOffZﬂg Plot raster and vector Version 5 and the name Of an
information by view or defined areas, at any scale. Visually preview the plot before Intergraph representative in
plotting, saving time and materials. Online HELP Microstation’s your area.
HELP remains active, tracking the command you're currently using,
so there’s no searching through manuals for assistance. ] .
Associative Patterning and Haitching. 'MlCI‘OStatlon
Associate patterning with graphics. Change graphics and the

patterning updates. Flood-fill hatching/patterning INT:KEIR/\PH

intelligently fills an area, detecting boundaries
and holes with a single pick. Associative
Dzmenszonmg Dimensions are associated
with the geometry, not with a point in space, so that when you change
the geometry, the dimensions automatically update. Custom Line Styles
Create space-saving custom line styles and place railroad tracks, trees, isobars — anything — just as you would place a line.
Multi-lines. efine line string elements comprisitig up to 16 parallel lines of varying symbology and store them in a style library

sy recall. Architects can use multi-lines for fast and easy placement and intersection cleanup of walls and partitions. 2D Boolean
"J071S. Quickly modify, measure, and hatch multiple 2D shapes with integrated Boolean operations. Mass P 7'0p€1" 11€S. Calculate area and
ies of your model: surface area, volume, mass, centroid, moments and products of inertia, principal moments and directions, and radii of gyration.
'S. Define relationships among graphic entities with intuitive drawing modes such as tangent, parallel, perpendicular, midpoint, intersection, and end
msion-driven Symbo S. Based on established relationships, you can assign variables to dimensioned graphics and save the graphics as cells
1ic placement, Changes in dimensions automatically drive changes tographics. Dimension-driven design saves valuable time in the design of families of

Circle 105 on Inquiry Card (RESELLERS: 106).



THE INTERNET

The Importance
of Netiquette

SO what’s a data highway

without billboards? Call it in-
evitable; advertising is now
part of the Internet.

But don’t expect to wade
through junk mail and com-
mercials on your computer. In-
ternet users are divided re-
garding the idea of ads on-line.
Even though many users enjoy
(or at least don’t mind) read-
ing information about products
and services, in-your-face ad-
vertising is destined to back-
fire severely, according to Eliz-
abeth Lane Lawley of Internet
Training & Consulting Services.

Lawley says that as federal
regulations on the Internet use
drop away, advertising’s main
barrier is users who believe that
advertising is out of place on
the Internet. Advertisers who
don’t observe the Internet’s so-
cial mores, particularly those
who carpet-bomb discussions
with ads or send unsolicited
(junk) mail, risk annoying the
people they meant to entice.

Advertisers with an under-
standing of “netiquette” fare
much better. Judith Axler Turn-
er is an Internet veteran and di-
rector of Chronicle Informa-
tion Services, the on-line arm
of The Chronicle of Higher Ed-
ucation. Turner’s on-line pub-
lication, Academe This Week,
publishes 600-1200 want ads
weekly. Most of the ads list
jobs that are available or de-
sired at colleges and universi-
ties. She’s never received a
complaint; moreover, advertis-
ers have been pleased with the
quality of applications the ser-
vice has brought in.

“Passive” advertising of this
type, where information is avail-
able to those interested, works.
So does participation in usenets
or mailing groups: Individuals
32
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affiliated with a company an-
swer questions as knowledge-
able resources on a topic (while
including the name of their busi-
ness in their signature).

The terms of the AUP (Ac-
ceptable Use Policy) formulat-
ed by the National Science
Foundation, which oversaw the
Internet’s backbone, excluded

Ad ||

all advertising except for an-
nouncements of new products
and services for research and
education. But a second, par-
allel backbone run by the CIX
(Commercial Information Ex-
change) cooperative venture is
now in place, and it has no such
restrictions. Most Internet pub-
lic-access providers and on-line

services offer service over CIX
in addition to or instead of the
NSFNET backbone. As the
regulations change, the final
word on advertising will come
from its users, who will dictate
acceptable tactics for reaching
the thousands of microcom-
munities on the Internet.
—~Angela Gunn

NEURAL NETWORKS

Intel and Nestor to Commer(:lahze

Neural-Net Chlp

Neural networks, which allow com-
puters to perform pattern-recognition func-
tions, have so far remained on the fringe of
mainstream computing. But an agreement
between Intel and Nestor to commercialize
the Nestor-designed Nil00O neural chip
could change that. The Ni1000, which con-
tains over 3 million transistors, can per-
form high-speed pattern recognition, from
handprinted characters to fingerprints to
images of targets in military applications.
Nestor (Providence, RI) specializes in
OCR and massively parallel-processing
applications and is headed by Nobel prize
laureate Dr. Leon Cooper.

According to Mark Holler, director of Intel’s
neural-network group, the Ni 1000 chip performs
10 billion operations per second and is capable
of recognizing 40,000 patterns per second, al-
though other computer system bottlenecks re-
duce that number substantially. Holler says that
some prototype systems using the chip and
Nestor’s OCR software, NestorReader, can rec-
ognize up to a few hundred handprinted char-
acters per second.

Dr. Don Specht, consulting scientist at the
Lockheed Research Laboratory, a beta site for
the Ni1000, says that Lockheed is working on
target-recognition applications using four Nil1000
chips running on a VME board and has plans
for additional space-based and commercial ap-
plications. Intel’s Holler says that there are eight
beta sites working with the Nil000. He sees a

Business

{sales forecasting, stock-
market prediction)

Mainstream Neural-Network Applications

Air-traffic control
{aircraft recognition)

Finance
{check and signature
recognition)
Medicine
Character ) (image and signal
recognit?on Security processing)
. {tingerprint
(fax, forms routing) recognition)

wide variety of industries making use of neural-
network technology (see the figure).

Intel is working on reducing the cost of the sil-
icon for the Nil000, says Holler (pricing at press
time was unavailable), and eventually, it will
release an add-in card for PCs similar in cost to
a “typical high-end graphics accelerator.” Intel
is supporting the chip with a C library and oth-
er software development tools, in addition to
the NestorReader OCR software.

While neural networks are still a specialized
segment of computing, commercial efforts such
as Intel’s and Nestor’s are bound to make their ap-
plication more widespread. The chip is expected
to ship sometime in the first quarter of this year.

—Nicholas Baran

For more information, call Intel’s Neural Net-
work Hotline at (408) 765-9235.

Intel and Nestor’s Nil00O chip could support a range of applications, as
shown in this conceptual illustration.



TORTURE

SCREAMS.

EAR PIERCING

SHRIEKS.

ANGUISHED

RIES.

NOISES FROM THE
SOUND CARD YOU

JUST BOUGHT?

NO.

FROM YOUR

WALLET. %

Must a 16-bit state-of-the-art sound card cost an arm, a leg and several other appendages? Must you raid
your children’s college fund to get the CD-quality audio supplied by 32 Operator Wavetable Synthesis? Must you
fork out a sum equal to the GNP of a small European nation for Sound Blaster™ compatibility and a MiDI interface?
In a word, no. The new ARIA 16 offers all of this, plus easy installation and a Digital Signal Processor that allows

you to upgrade to speech recognition, for the oddly level-headed price of $99. Or, for
a bit more, there’s the ARIA 16se, featuring a SCSI-2 interface, a mic/headset, and Inter-
play’s Star Trek®: 25th Anniversary™: 3 Episode Edition with ARIA speech recognition.
To learn more, call us at 1-800-477-3473. And give your Pl'OmGthGUS
ears the sound they want. Without ticking off your wallet.

Circle 133 on Inquiry Card.

©1994 Prometheus Products Inc. All trademarks are property of their respective companies. & © 1993 Paramount Pictures All Rights Reserved.

STAR TREK is a Registered Trademark of;Raramount.Bictures. Prometheus Authorized User.




Why is this

extreme cyberpunk

EXCITED?

i

He just bought an

with the radical performance he requires.

World Radio History



Intel®* Pentium” — PCl technology 2=

m Superscalar architecture m 132MB/sec throughput

= 100 MIPS = Multiplexing 32-bit CPU-peripheral data path It all sums up to
workstation-

m 64-bit CPU-memory-cache data path m Buffered expansion architecture class

m Burst mode data transfer m Busmastering and concurrent option support | g performance.

m High-performance floating-point unit m Autoconfiguration of PCl options Yours, from
AMBRA™at a

Add to this powerful platform high-capacity, high-speed storage — like a 1GB (8.5ms) hard disk! PC-class price!
= 1 H
And, for high-resolution graphics, rely on a PCl-based, 64-bit MATROX MGA-II+ ACCELERATOR.

We're talking 50 MHz clock speed. Ultra-high, flicker-free 120 Hz refresh rates. Real-time CAD
power drivers, Fast, full-screen video for Windows™ And more! !

\j

90 million WinMarks'

........... T o |1f you have extreme ideas of high

performance. say hello to AMBRA. We

e kL Ui -

W_ﬁg{ﬁ_“ﬁﬁ build computers so . they're HYPER.

Sizzling
multimedia
for an
" y system
you choose!

Clock-doubling 486DX2 with With these DX2
systems, you

optimized design! can improve

) . ) performance
Intel’s DX2 processor provides 66 MHz internal clocking, tomorrawt
which pays off in enhanced Windows performance for you. J
And that’s just the beginning. Every computer in = Upgr.ade to
AMBRA's latest DX2-based series comes with these Pentium
built-in performance-boosting features: OverDrive™
m 256KB direct-mapped WriteBack L2 cache = Move from
for better hit ratio VESA to PCI
® Local bus IDE controller (IDE cycles concurrent local bus /s I\ /I B I } /s
with CPU) ® Expand memory
» [ntegrated 32-bit, high-performance local bus up to 128MB
graphics accelerator ® Add high-

— = Buffered serial ports for improved modem performance capacity drives:
‘ under Windows greater than

| . y;gilglos(;bidirectional— _ up~e‘ 528MB IDE l_ H [I “_2“ I]_MEH
/0!
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PENTIUM AND
PCl TECHNOLOGY

© DP60/PCI

B Pentium processor, 60 MHz

m 64-bit CPU-memory-cache data path
B 256KB L2 cache

m 8MB RAM, max: 128MB

m 4 iSA, 2 PCI, 1 ISA/PCI slot

m 540MB (12ms) IDE hard disk

u 6 drive bays

m Fast PCI IDE controller

® PCl graphics accelerator, 2MB

14" SVGA calor monitor, LR

u 3.5" 1.44MB diskette drive

u | exmark™ PS/2®-style 101-key keyboard
B MS-DOS® 6.2, Windows™ 3.1, mouse

$2,669

© w/ Diamond Viper video
plus...
u16MB RAM
® PCI Diamond Viper graphics
accelerator, 2MB VRAM
& 15" FST-NI color monitor, LR

$3,449

© w/ Matrox graphics
and more!

= 16MB RAM

® 1GB (8.5ms) IDE hard disk

® PCl Matrox MGA II+ graphics
accelerator, 2MB VRAM

| 2X CD-ROM drive

& 15" FST-NI color monitor, LR

$4,349

Optional onsite

warranty from IBM:
Just $29!

In Canada 3 call 1-800-363-0066, Ex. 1468

Count on AMBRA for F

performance at

a cool price — whatever your POWER class!

PENTIUM PROCESSOR
W/ EISA/VESA

O DP60E/VL

m Pentium processor, 60 MHz

m 64-bit CPU-memory-cache data path
m 256KB L2 cache

m 8MB RAM, max: 64MB

u 6 EISA, 2 EISA/VESA slots

u 540MB (12 ms) IDE hard disk

H 6 drive bays

® Integrated 32-bit SCSI-2 controller

B 32-bit graphics accelerator, 1MB

m 14" SVGA-NI color monitor, LR

m 3.5" 1.44MB diskette drive

m | exmark PS/2-style 101-key keyboard
® MS-DOS 6.2, Windows 3.1, mouse

$3,279

Double-Speed Drive

m 2X CD-ROM drive

m Motorized tray

m Kodak PhotoCD- and multisession-
compatible

$199

Double-Speed Blaster

m 2X CD-ROM drive

m SoundBlaster™compatible 16-bit stereo
sound card with CD-ROM interface

m 2 desktop speakers

$320

Drive and Sound

® CD-ROM drive

B Pro AudioSpectrum 16-bit sound card
m 2 desktop speakers

$179 (limited quantity)

Stereo Sound Upgrade
® Pro AudioSpectrum 16-bit sound card
m 2 desktop speakers

$159 (imited quantity)

LALL

DX2 66 MHz SYSTEMS

W/ OPTIMIZED DESIGN

© D4661/VL

B 486DX2, 66 MHz

m Upgradable to Pentium technology

m 256KB WriteBack L2 cache

m 8MB RAM, max: 128MB

B 4 16-bit ISA, 1 32-bit VL bus slot

® Upgradable to PCI

u 440MB (12ms) IDE hard disk

m 5 drive bays

m 32-bit local bus IDE controlier

m 32-bit local bus graphics
accelerator, 1MB

® 15" FST-NI color monitor, LR

u 3.5" 1.44MB diskette drive

m 2X CD-ROM drive

8 Lexmark PS/2-style 101-key keyboard

® MS-DOS 6.2, Windows 3.1, mouse

$2,419

© 4661/VL minitower,
w/ all the above and:
= 16MB RAM
u 6 drive bays
m 7 16-bit ISA, 1 32-bit VL bus slot

$2,779

With every AMBRA system, you receive
a complimentary “Try and Buy” software
sampler on CD? Plus, you can take your
pick of business, home recreation or
entertainment CD Packs — 5 discs for
only $79.00!

Call for details!

! Estimated PCI WinMarkes sores based on previous Matrox tistirg of MGA-) using Zifi-Oavis Winbench 3.11, Pentium 66 MHz, 64M8 RAM, 512KB cache, 72 Hz, 1,024 x 768 x 256 colors. 2CO-ROM drive required; may be purchased
with system or separately. 3Please call for details regarding AMBRRA's money-back quarantee, limited warranty and optional BM onsite warcanty. Return shipping and insurance charges are the responsibility of the customer. Onsite ser-
vice may not be available in certain locations. *Offerings may differ in Canada



BLUE LIGHTNING
BEST BUYS

© D466BL

m 486 Blue Lightning!" 66 MHz

m Upgradable to Pentium technology
m 16KB L1, 256KB L2 cache

m 8MB RAM, max: 64MB

m 3 16-bit ISA, 2 32-bit VL bus slots
m 440MB (12ms) {DE hard disk

m 5 drive bays

m Integrated 32-bit SCSI-2 controller
a 32-bit graphics accelerator, 1MB

m 14" SVGA-NI color monitor, LR

m 3.5" 1.44MB diskette drive

m Integrated Ethernet 10BaseT

m Lexmark PS/2-style 101-key keyboard
m MS-DOS 6.2, Windows 3.1, mouse

$1,999

© BL minitower, w/ all listed
features of @ plus...

6 16-bit ISA, 2 32-bit VL bus slots

= 540MB (12ms) IDE hard disk

m 6 drive bays

m 2X CD-ROM drive

$2,289

FIRM CONFIDENCE.

EXTRA-AFFORDABLE
MODELS

© D466DXA

m 486DX2, 66 MHz

m Upgradable to Pentium technology
m 128KB _2 cache, max: 256KB

m 4MB RAM, max: 36MB

m 5 16-bit ISA slots

m 340MB (12ms) IDE hard disk

m 5 drive bays

m 32-bit local bus IDE controller

m 32-bit graphics accelerator, 1MB
m 14" SVGA color monitor, LR

m 3.5" 1.44MB diskette drive

m Lexmarx P5/2-style 101-key keyboard
m MS-DOS 6.2, Windows 3.1, mouse

$1,739

({ 466DXA minitower,
w/ all the above and:

m 8MB RAM

m 440MB (12ms) IDE hard disk

m 6 drive bays

m 8 16-bit ISA slots

m 15" FS™-NI color monitor, LR

$2,149

SLIM-PRICED
SLIMLINE

@ S450DXA

m 486DX2, 50 MHz

m Upgradable to Pentium technology
m 128KB L2 cache

m 4MB RAM

m 3 16-bit ISA slots

m 240MB (15ms) hard disk

m 3 drive bays

m 32-bit IDE controller

m 32-bit graphics accelerator, TMB

m 14" SVGA color monitor, LR

m 3.5" 1.44MB diskette drive

m exmark PS/2-style 101-key keyboard
m MS-DOS 6.2, Windows 3.1, mouse

$1,595

AMBRA COVERS YOUR COMPUTER WITH A 30-DAY MONEY-BACK GUARANTEE AND A ONE-YEAR LIMITED

WARRANTY. AND, FOR JUST $29 A YEAR, YOU CAN PURCHASE AN OPTIONAL IBM® ONSITE SERVICE

WARRANTY BACKED BY 10,000 TECHNICIANS COUNTRYWIDE!? ALSO, YOU CAN RELY ON
EXPERT TECHNICAL SUPPORT—TOLL-FREE, 24 HOURS A DAY, SEVEN DAYS A WEEK—

REGARDLESS OF THE WARRANTY YOU CHOOSE.

FREE CUSTOMIZATION.

We’ll custom-configure to your

exact specs — with no extra

T
Visa

-

Full convenience.

Our lines are open weekdays 8 am to 11 pm,
weekends 10 am to 7 pm (ET). We accept major

credit cards, as well as purchase orders from

™
qualifying businesses. Pick up the phone today! AM B RA.

-1 4 b B

©1994 AMBRA Compute” Corporation. AMBRA is a trademark of ICP! Ltd. and used under lizense therefrom. The AMBRA logo and logotype are tradermarks of AMBRA Computer Corporation. IBM and PS/2 are registered trademarks and
Blue Lightning is a trademark of International 3usiness Machines Corporation. Intelis a rezistered t-adenTark and Pentium and OverOrive are trademiarks of Intel Corporation. MS-DOS is a registered trademark and Windows is a trade-
mark of Microsoft Corparation. Lexmark is a trademark of Lexmark International, Inc. All other product namas are trademarks or registerec trademarks of their respective suppliers. Offerings, prices and products are subect o change
without prior notice. Prices do not include shipping.

service charge or delay.




News & Views

COMMUNICATIONS

| BINARY FILE TRANSFER IN FAX |

THE GOOD

Fax Gets a Face-Lift

The great things about fax
are that it’s easy to use and
practically every business has
one. However, if you need to
transfer an editable word pro-
cessing, spreadsheet, or image
file, fax falls flat: The process
of converting a bit-map fax im-
age into a file that you can edit
with your word processor or
route to a network database
places a heavy burden on OCR
programs that usually can’t ap-
proach 100 percent accuracy
when recognizing a free-form
document.

This spring and summer, de-
velopers will release a new
wave of products that give fax
a face-lift by adding binary-
file-transfer capabilities, letting
you send files—even files with
sound and video—in their orig-
inal format. “With binary file
transfer, we want to take docu-
ment-image communication
and change that to document
communication,” says Richard
Holder, product marketing
manager at WordPerfect’s con-
sumer-products group. “We
want to get rid of that whole
[OCR] conversion step.” But
as often occurs, developers will
have their pick of two stan-
dards to support, in this case
one by the international ITU
(formerly CCITT) standards
body and the other by Mi-
crosoft.

Developers of fax software
say that in many ways, the bi-
nary-file-transfer fax portion
of Microsoft’s At Work archi-
tecture is better defined than
the ITU’s evolving T.434 stan-
dard. The fax component in At
Work, which is currently in-
cluded with Windows for
Workgroups 3.11, is more se-
cure, supporting password and
public-/private-key encryption,
as well as digital-signature ver-
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ification. Developers say that
the At Work fax transport used
for fax LAN routing and for its
implementation of negotiation,
in which a sending device
seeks out the receiving device’s
capabilities and then stores it
for future reference, is also
more robust. “At this time, the
Microsoft binary file transfer
is richer,” says Jennie Wan-
Mernyk, director of marketing
at OAZ Communications (Fre-
mont, CA). But vendors who
choose to support Microsoft’s
binary fax solution in their
products will also have to pay
royalties to Microsoft.

The TR-29.1 committee of
the Telecommunications In-
dustry Association is working
on improving the key open is-
sues of implementing the
T.434 standard, which are file-
attribute negotiation and im-
proving interoperability among
different manufacturers’ de-
vices, according to James Raf-

It eliminates OCR.

Fax can contain multimedia files not
just bit-map images.

In-bound routing can direct a fax to its

ferty, president of
the communica-
tions consulting
firm Human Com-
munications (Dan-
bury, CT). “T.434
will be a royalty-
free solution for
vendors to imple-
ment,” Rafferty
says. Another point in T.434’s
favor is that it is a multiple-
platform standard, not a Win-
dows-only solution.

“We wanted to get binary
file transfer out there today,
and so we implemented bina-
ry file transfer on top of T.30
[the current ITU fax stan-
dard],” says Suzan Fine, prod-
uct manager at Microsoft’s
digital office systems group.
“But T.434 will slowly be bet-
ter defined. If it is widely im-
plemented in the future and is
compatible across implemen-
tations, we may support it.”
Most developers we surveyed

proper destination on the LAN. \

THE NOT-SO-GOOD

It is more useful for computer-based fax
than stand-alone fax machines.

Microsoft and the ITU support different
standards.

It requires error-correction support.

S _J

said they are closely follow-
ing T.434 and At Work and
may support both standards in
upcoming products.
Whichever standard wins in
the market, however, binary
file transfer could make fax
even more attractive as a uni-
versal communications medi-
um. John Willcutts, vice presi-
dent of engineering at Atlanta-
based Sofnet, which sells fax
programs for DOS, Windows,
and OS/2, says that, once wide-
ly supported, binary file trans-
fer could upgrade fax to “the
ultimate file transfer of all
time.” —D.A.

WHY USERS SOMETIMES FEAR UPGRADES

A recent survey conducted by Help
Desk Institute (Colorado Springs, C0)
indicates that upgrades are the most
likely reason for an increase in sup-
port calls. Over 3500 Help Desk In-
stitute members were asked to name
the three most likely reasons for any
increase in calls, as well as the three
most likely reasons for a decrease
in calls. The DMTF (Desktop Man-
agement Task Force), an organiza-
tion of about 300 hardware and soft-
ware vendors, is working on a variety
of efforts to decrease the number of
incoming calls, including the estab-
lishment of a standard set of APls
that access desktop systems, com-
ponents, and peripherals to bring in-
teroperability and management to
desktop computing.

Reasons for an Increase in Support Calls

Poor user
training

More
Customers customers

demanding more Smarter

support customers
(who push the
anvalope)
Changes,
upgrades
New technology
New business
or growth

More support
responsibilities

Increased
awareness
of help desk

Reasons for a Decrease in Support Calls

Recurning

problems solved Better customer

Help-desk training

communications

NG

Business

reduction _ More

exparienced
Less help- — customers
dask
responsibility

/
Proactive
resolution Systems

more stable




Sooner or later, you'll get an
“Qut of Memory” message.
Whether you have
1 megabyte or 16.

TSRs and network utilities need memory right
where your programs need it, too. It$ called
‘lower’ or ‘conventional memory.

Adding RAM to your PC just gives you ”I needed another 32K for my ", o
I added 2 megabytes. I still need 32K! What gives?”

more expanded or extended memory —
accessible to some programs, but not to TSRs
like fax utilities, device drivers or network
utilities like Novell NetWare. Fortunately,
theres an easy software solution

to “out of memory” problems. O VACANCY

our patent-pending ‘Stealth’ tech-
nology, QEMM finds as much as 96K more
high memory than other memory managers.
No one has yet been able to match our
petformance, No wonder QEMM outsells
all the others put together! (T 23 P
QEMM" puts the maximurh memory right
where your favorite programs need it so you

favorite TSR.

can run them and TSRs without ‘out of
memory’ problems or conflicts. That keeps
your PC running smoothly and performance
atits best.

Whether youte running MS-DOS IBM™
PC-DOS, DR DO, Novell DOS or MS
Windows; one megabyte or eight, don't sacri-
fice; don't compramise; don't risk losing work.

Have your cake and eat it, too.  Protect your productivity; Managing your
’ - memory well is the
Thg More memory you have, the more flexi- keep your work sufe, best way to assure
bility and reliability you can enjoy. Thanks to Any task, from programming to writing the v your work won't goo
DOS 6 wlo MemMaker company business plan to composing a QEMM comes withthe  wagfe. ‘
=mm personal letter, takes time and thought. Your "e’t"":f;’:;”’&f’f Manifes},  (\EMM version 71s
o (V386 vb Uptisi) 7 .~ PCissupposed to make that process memory analyzerthat  the mostpowerful
. . , - easier; your output better. When youcant helpsyousee how your  flexible memory
mKWe e sm:: handwi tlwu::; Ve and “* " run your favorite grammar-checking TSR or S manager you can buy.
with QEMM 6 and ournew QEMM 7runsaway from  have to get by without a vital network utility, 1t the utility that finds memory ViCAN
all of them. See details of test conditions below. youe sacrificing productivity. when nothing else can. A(ANCY
i ez ==

Circle 135 on Inquiry Card.

Quarterdeck Office Systems, 150 Pico Boulevard, Santa Monica, CA 90405 (310) 392-9851 Fax (310) 314-4219
Quarterdeck International Ltd, B.LM. House, Crofton Terrace, Dun Laoghaire Co. Dublin, Ireland Tel.(353) (1) 284-1444 Fax: (353) (1) 2844380

How we got the chart numbers CPU--486/33 ALR Power/business VEISA machine uipfrad with 16 megs of RAM and running MS-DOS &, Corggrisom were done using the followi
‘memory manager, the following drivers DOS resources and programs were loaded for all comparisons: in the CONFIG SYS file: SETVER EXF, POB-HICH.FILES=00,BU 10, STACKS=00,

MSCDEX, UNDELETE, LSL!

; memory mal

NE2000.COM, [PXODI.COM, NETX OR EMSNETX, MOUSE COM SMARTDRY-COM: PRTSCCAP.COM, 9193 Quarterdeck Office Systems. Trad

rs: QEMM 7, QEMM 6.02. MS-DOS 6 MemMaker, In addition to thie driver (or drivers) required by each
INDSYS, SNDBK125YS, SLCDSYS, DOSSHELL=statement, inthe AUTOEXECBAT file: VSAFE,
rks ane property of their respects s




Some of our best ideas

G199 Brinh Airways

N = - T—

Our international chefs have been firmly grounded in the fine art of providing you with
it’s our staff on the ground or our crew in the air, you’ll receive the same high level of attention. It’s the




on service will never fly

outstanding cuisine. At British Airways, our idea of service starts long before you ever take off. Whether
way we make you feel that makes us the world’s favourite airline.

BRITISH AIRWAYS
The worlds favourite airline%s”

Circle 76 on‘inquiry-Card:




OBJECT OPERATING SYSTEMS

Alliances Could Mean

Better Integration

Fol]owing close on the heels
of Sun Microsystem’s deal
with Next to incorporate the
applications development lay-
er of NextStep into the Solaris
operating system (see January
BYTE, page 148), Microsoft
and DEC say they will inte-
grate DEC’s Object Broker dis-
tributed-object system with Mi-
crosoft’s OLE technology.
Microsoft says the agreement
will let Windows- and OLE-
supported Mac applications
seamlessly access data and ob-
jects on a variety of platforms.

These deals reflect the grow-
ing need for seamless integra-
tion between operating-system
platforms. DEC’s Object Bro-
ker runs on many Unix plat-
forms (e.g., HP-UX, SunOS,
AIX, OSF/1, and Ultrix), and
on Windows, Mac, and VMS.
Object Broker is a development
kit that lets developers write ap-
plications that can communi-
cate with data and applications
on other platforms that support
the Object Broker interface.

In the agreement with Mi-
crosoft, DEC will integrate
OLE into Object Broker, form-
ing an architecture called COM
(Common Object Model). For
example, COM will let a Win-
dows application running on a
client PC or a Mac application
supporting OLE directly access
data being generated on a Unix
server. Microsoft and DEC
demonstrated a PC running an
Excel spreadsheet being sup-
plied with data from a stock-
ticker application running on-a
remote Unix-based system.

Sun aims at a similar objec-
tive in its deal with Next. Next-
Step offers an object-oriented
development environment that
will be incorporated into So-
laris, while Sun brings its net-
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working and distributed-object
technologies to the table. With
Solaris running on Intel ma-
chines, Sun hopes to provide a
similar level of integration and
seamless data access across
platforms as that proposed by
the COM specification.

Both agreements are just
that—agreements rather than
working products. According
to Microsoft’s OLE product
manager David Seres, Mi-
crosoft and DEC will distrib-
ute the COM specification in
the first quarter of this year and
will have an alpha version of
the Object Broker-OLE prod-
uct in the second quarter.

Sun declined to announce a
schedule for its so-called
“OpenStep” implementation.
Further details will be an-
nounced in April.

One thing working in Sun’s
favor is NextStep’s application
development environment.
“This is not technology under
development,” said Next chair-
man and CEO Steve Jobs about
NextStep, which is already on
its third release. “It’s technol-
ogy that’s been really battle-
tested and industry-acclaimed.”

John Rymer, an analyst with
Patricia Seybold’s Group, says
the Sun/Next deal is a major
step forward for NextStep. HP
recently announced it will in-
tegrate Taligent’s Application
and Development Frameworks
into HP-UX and join Apple
and IBM as a minority share-
holder. But these frameworks
won’t ship until later this year.
*“Specifications arise from ship-
ping products and Next has a
lot more out there than does
Taligent,” Rymer says. “This
is an important step for Next
reaching industry recognition.”

—N. B.

CODE TALK

RICK GREHAN

Phar Lap’s TNT Adds Life to MS-DOS

Every time it looks like MS-DOS has overstayed its welcome and is
about to be shouldered out by a bigger and better operating system,
something comes along and suddenly, DOS doesn’t look so bad. The lat-
est development of this nature is Phar Lap’s TNT DOS-Extender, a
much-expanded version of that company’s 386/D0S-Extender product.
What makes TNT special (and what gives it its name) is that it's a DOS-
exlendetlnjected wiﬁnWindowsNI"swmpMcalMes.TlﬂnkofTNT
j as Windows NT without the Win-
dows part: multiple processes,
threads, semaphores, virtual
memory, memory-mapped files,
and even DLLs. Once compiled
with TNT, your program can run
' unchanged as a DOS, Windows

3.x, or native character-mode

Over 1200 applications are buitwitn NV application. TNT supports a
versions of Phar Lap’s extender, ranging  subset of the NT API, so it's
from CAD to database to games like

compatible with Microsoft’s 32-
bit Visual C++ compiler. Mi-
crosoft even licensed NT’s floating-point emulation library to Phar Lap
so that a TNT application you run under DOS will give you identical
floating-point results when you run it as a native NT program.

Currently, although TNT is compatible with Microsoft's 32-bit Visu-
al C++, MetaWare's High C/C++, and Watcom's C/C++ 32 (as well as
other language compilers such as Lahey FORTRAN), only Visual C++ al-
lows access to the NT components of TNT. You can use the other com-
pilers with TNT to create 386/D0S-Extender-compatible applications
(referred to as DOS-style programs). Look for more compilers to provide
the NT support for TNT in the near future.

Microsoft uses TNT as the DOS-extender that drives the DOS command-
line versions of its 16-bit and 32-bit Visual C++ compilers. Denis Gilbert,
Microsoft's general manager of the Visual C++ business unit, sees TNT
as a way for developers to hedge their bets. “Developers can build 32-
bit applications that run on DOS and Windows today and will run un-
changed in NT tomorrow.” Furthermore, Gilbert points out that TNT al-
lows companies to develop NT-style applications that can run on hardware
{e.g., 386SX laptops) that may simply be unable to support NT.

The TNT developer’s kit is $495—that gets you the extender, as-
sembler, linker, librarian, and two debuggers (including the 32-bit ver-
sion of Microsoft's CodeView). If you want to distribute your application,
however, you've got to purchase the $1995 run-time kit to bind the
extender into your executable file. The run-time kit also includes a license
for distributing your application’s first 1000 copies (Phar Lap Soft-
ware of Cambridge, Massachusetts, (617) 661-1510, tells me that
price is negotiable.)

Of course, it's tempting to wonder about TNT’s lifespan. Couldn’t the
widespread acceptance of NT or the movement of advanced 32-bit fea-
tures into future versions of DOS simply obviate it? Possibly, but TNT is
here now, and the applications you build with it will run in 32-bit glory,
immune to the evolution of DOS or NT.

Access Software's Links 386 Pro for DOS.




POOR OLD MOUSE.

Most of the time all mice are nice and fine for poinfing around. But when it
comes to inputting graphics or logos info any application or any CAD package,
they are hopeless. They just can't — and so you can't. No way.

Problem? Yes and no. It depends — you may shrug your shoulders and say
"Well, I'll never do CAD and | just never want to input any sketches, logos, or
photos into my computer anyway." Or — you feel that isn't good enough after
all the money you have invested and all the rice things you know you could
do today with your own graphics once they were in the computer.

€S

It runs with

NetWare

ARISTD

.73, 1994
esentations MARCH 16 B’zs,

at the Show WANNOVER

Hall 9, Booth HO8

PROBLEM
SOLVED.

Here comes the mouse that lets you input afl
your graphics as well. How?: That's what they
all want to know, but we're not telling. Its a new
invention. It's a universal combination of a true
mouse and an independent manual drawing
board that becomes a precision full-featured
digitizer tablet once you just place the mouse
onto the board. It's all in one or all separate

as required. Simply unplug your poor old

mouse, plug in our mouse and have the real all
purpose input device to your PC always at hand.
At a price poor mice can afford too.

ARISTO Coligge Board\ digital

North America:
ARISTO Graphic Systems
A Division of KOH--NOOR Inc.

100 North Street, P.0. Box 68,

Bloomsbury, NJ 08804 - 0068
Tel: (800) 631 - 7646
Fax: (908) 479-1513

Head Office:

ARISTO Graphic Systeme GmbH & Co. KG.
Schnackenburgallee 117

[+ 22525 Hamburg

(Germany)

United Kingdom:

ARISTO UK LIMITED

1DS House

Terrace Road South, Binfield
Bracknell RG12 SBH

Tel: (0344) 306 936 Tel: (040) 547 47-226

Fox: (0344) 306 936 Fax: (040) 547 47111
Circle 192 on Inquiry/Card (RESELLERS: 193).

ALL IN ONE.

Mouse, Digitizer Tablet, Drawing Board



DSP Market Forecast Worldwide

3.0

DSP DEVELOPMENT

Lycad Reduces DSP Time to Market

20

Billions of dollars
i

DSP (digital signal proces-

sor) technology is showing up
in products ranging from mo-
dems to cellular telephones to
computers. As the DSP com-

Zycad's Paradigm RP lets DSP developers test and
simulate complex DSP designs prior to committing
these designs to silicon.

petition heats up, chip designers
are looking for a development
system that helps them get a
tested design to market fast and

COMMUNICATIONS SOFTWARE

inexpensively. A new product
from Zycad (Fremont, CA)
called the Paradigm RP lets
DSP developers test and simu-
late complex DSP designs pri-
or to committing these
DSP designs to silicon.
The Paradigm RP sys-
tem, which is based on a
30,000-gate module con-
taining high-speed, elec-
trically reprogrammable
Xilinx 4010 FPGAs
(field programmable gate
arrays), not only lets de-
velopers save money by
not having to actually
build the chip to find
bugs, it also lets them test
software that will run on the
DSP, resulting in a faster time
to market for both the chip and
supporting software.

“In many cases, you
can really only assess
the quality of a design

with a real-time test,
says Johan Van Ginder-

1.0
0.5
0
1994 1995 1886 1997
; ] Preprogrammed B FAsiCs ]

deuren, product manag-
er at Philips ICTL (Leu-

Source: Forward Concepts (Tempe, AZ), a market-
sesearch firm thal tracks DSP and multimedia technology.

ven, Belgium). This is because
emulating the DSP in software
would have resulted in audio
that sounded something like a
78-rpm record being played at
33'4 rpm. Philips recently used
a Paradigm RP to emulate a
DSP-based audio system.
Ginderdeuren said that the
Paradigm system could save
developers the average of two
to four months required to do a
single redesign to fix a bug in a
chip that was already manu-

DSPs generally come in two forms:
programmable DSPs or preprogrammed
FASICs.

Forward Concepts (Tempe,
AZ), said the Zycad system
will have the greatest impact
on preprogrammed FASICs
(Function and Algorithm Spe-
cific ICs). Strauss says the Par-
adigm RP’s ability to simulate
DSP functionality in real time,
combined with its ability to
emulate a wide variety of DSP
designs, makes it unique in the

factured.

Will Strauss, president of

Not Just for File Transfer Anymore

Buck in simpler times (in

the 1980s), communications
software meant programs that
coaxed your modem into dial-
ing up an on-line service or
BBS. Today, it’s likely to mean
a good deal more. A new crop
of integrated communications
software is merging data, fax,
file transfer, remote control,
and even voice-mail functions
into a single program.

To a large degree, commu-
nications software is merely
following the hardware. Most
of the modems sold today in-
clude fax features as well as
basic data functions, and by
1997, about half of them will
have voice capabilities as well,
according to BIS Strategic De-
cisions of Norwell, Massachu-
setts. Not surprisingly, modem
makers would like to bundle a
single communications pro-
ao
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gram that can manage all these
functions, instead of shipping
multiple packages. Meanwhile,
buyers benefit from easier in-
stallation, no port conflicts, a
consistent user interface across
several types of communica-
tions activities, and the lower
cost of buying only one pro-
gram,

“Many of our customers
were dissatisfied that they had
to deal with multiple commu-
nication products to meet their
needs,” notes Mark Eppley,
chairman of Traveling Soft-
ware. “One customer was us-
ing seven separate programs
for communication. So we put
it all together in response to
them.”

CommWorks from Travel-
ing Software is joined by other
integrated Windows commu-
nications programs, including

Delrina’s Communi-
cations Suite, Bit Soft-
ware’s BitFax Profes-
sional, and a number of
less elaborate pro-
grams, such as Smith
Micro’s QuickLink
Gold for Windows
($99.95, (714) 362-
5800), which combines
data, fax, and OCR ca-
pabilities.

If this flurry of com-
munications mergers is
any indication, more
such programs are on
the way. “Software so-

lutions integrating var- |

market. “It’s a refreshing new
approach.” —D. A

COMPLETE COMMUNICATIONS SOLUTIONS

BitFax Professional 3.0 for Windows ($129).
Combines fax, OCR, and data communica-
tions including terminal emulation and voice
mail, if you have a modem that supports voice.
Bit Software, Fremont, California,

(510) 490-2928; fax (510) 490-9490.

Delrina Communications Suite for Windows ($179).

Combines fax and data communications, in- ‘
cluding terminal emulation, with virus detec-
tron, predefined scripts for accessing eight on-
line services, and optional fax broadcast
through MCI Fax Broadcast Service.

Delrina Saftware. Toronto, Ontario, Canada,
(416)441-3676; fax (416] 441-0333.

CommWorks for Windows 1.0 ($199.95). ’

A combination of five separate DOS and Win-

dows programs, including file transfer, remote

access, terminal emulation, fax, and an alert

utility.

Traveling Software, Bothell, Washington, ‘
200) 483-8088; fax (206) 485-6786.

ious communication media
will be abundant in 1994,” ac-
cording to Janet Fugazzotto, a
BIS senior analyst. “The next
generation of packages sup-
porting mixed media will be
network products, such as a

fax, voice, E-mail, and data
server,” she says.

The rapid development of
wireless modems will no doubt
prompt support for tetherless
dialing and faxing, too.

—Christopher 0’Malley



A Cache-Memory Primer

i
== | BOB RYAN
M ' @%YHE ; A s you learn in any introduction to computer sci-

ence, a computer consists of a processor and

memory. The past decade has seen an order-of-magni-
tude increase in the speed of processors, as measured by
clock speed, and a much smaller increase—on the or-
der of two or three times—in the access speed of mem-
ory. This imbalance has a negative effect on perfor-
mance because it means the processor is often idle
while it waits for memory accesses to complete. Cache
memories lie between the processor and memory and keep the former busy by pro-
viding very fast access to a subset of the latter.

Because of its critical role in high-performance systems, cache-memory tech-
nology is evolving rapidly. In The Cache Memory Book, Jim Handy, who is
DataQuest’s senior industry analyst for memories in its semiconductor group, tries
to provide a reference for both the theory and practice of current cache-memory
design. That he is doomed in the latter pursuit he recognizes early (“... this book
cannot hope to keep up with all new advances.”) and often (“Even as I write
this section, it is becoming somewhat outdated.”). The fact that its examples are
a bit dated does not detract, however, from the major achievement of this book:
It presents a lucid, lively look at the theory of cache memories and of the many
interrelated decisions that confront cache-memory designers.

My major complaint about the book is that it is too short. Handy has written a
book for systems designers, so he doesn’t concentrate on some interesting issues
that are out of their hands. For example, he devotes little space to cache types (i.e.,
whether a cache operates on physical or virtual addresses) because this issue is
the province of the processor designer. Still, I wanted to see more about cache
types, particularly on primary caches that mix virtual tags with physical set bits.
In addition, the examples he details in the last chapter are all uniprocessor systems.
With multiprocessor support showing up in more and more desktop operating sys-
tems, an example of a multiprocessing system would have increased the value of
the book.

While written with the professional designer in mind, this book is easily ac-
cessible to interested laypeople. Its explanations about how caches work and
the different policies that must be addressed by a cache designer (e.g., associativity,
write-back versus write-through, and line size) are among
the best I’ve ever read. If you need to know how cache-  THECACHE MEMORY BOOK
memory systems work, read The Cache Memory Book. By yangy
[ Academic Press
ISBN 0-12-322985-5

BYTE technical editor Bob Ryan likes to read books about micro-
processors, memory, buses, and, yes, cache design. He can be  $44.95
reached on the Internet or BIX at b.ryan @bix.com.

MULTIMEDIA PRODUCTION

THE MULTIMEDIA PRODUCTION HANDBOOK FOR THE PC, MACINTOSH, AND AMIGA
by Tom Yager Academic Press Professional, ISBN 0-12-768030-6, $35.95

I n The Multimedia Production Handbook for the PC, Macintosh, and Amiga,
Tom Yager (former director of BY TE’s Multimedia Lab) provides a hands-on
review of modern multimedia production. This is not a book about general con-
cepts. You’ll learn about the latest packages, explore computer hardware, and be-
come fluent with the terminology. Yager shows that beginning with multimedia

1-800-421-8006

| IJ Order Now!
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Circle 82 on Inquiry Card.

Books & CD-ROMs

CD-ROM FUN
AT ITS BEST

MYST Broderbund Software, Inc., P.0. Box 6121,
Novato, CA 94948, {415) 382-4400;
fax (415) 382-4582, $60

f you like a good mystery, you’ll get

your money’s worth from Myst.
Placed abruptly in a strange, abandoned
island world, you are left to discover its
secrets and a way to leave. The docu-
mentation purposely gives you little guid-
ance, except that you should try every-
thing and look everywhere. If you get
stuck, an envelope holds a few precious
hints.

As you wander about, you pick up
clues about this fantastic world; look first
for a handwritten note. You have no com-
plicated controls or menus to deal with;
you simply point and click to where you
want to go. The pointer turns into a hand
when it is placed on an item you can pick
up or grab. A zip feature lets you move
more quickly from one location to an-
other. Both the Mac and MPC Windows
versions work identically.

Without giving away too much of the
story, the island Myst is a base for en-
tering and exploring other worlds. These
worlds each have their own theme; there
are, for instance, a water world and a me-
chanical world. The means by which you
reach these other worlds involve a bit of
science fiction and, it seems, magic.

It is easy to get hooked on Myst. Two
years in the making, it features stunning,
highly detailed graphics. An original
sound track plays unobtrusively in the
background. At certain points, video clips
are seamlessly integrated into the art-
work. From technical and pure enter-
tainment standpoints, Myst sets a new
standard of excellence.

—Michael Nadeau
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Circle 194 on Inquiry Card.
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Four pounds of colorful computing.

S SINT SN (R S SeRD GESS VEER SR N N ST S W

FREQUENT FLYERS AND LIFE-ON-THE-ROAD TYPES TAKE NOTE!

AMBRA™ mobile systems give you everything from speedy 486 processors to
high-volume hard disk capacity, to go! Choose a featherweight (only 4 Ibs!)
SN-Series notebook for full-function computing in cotor or mono. Or make yours a
high-performance N-Series model with dual-scan DSTN or active matrix color.
Whatever AMBRA you carry, you'll work in comfcrt at an 86-key keyboard with
integrated trackball. And benefit from power-saving Sleep mode or convenient
Suspend/Resume capability. Take along your pick of PCMCIA options —
fax/modem and more — for on-the-spot communications. Back in the office, let your
notebook double as a desktop. Just plug into one ot our optional docking stations to

instantly and easily access computing resources throughout your company!



SN-Series W N-Series

FEATHERWEIGHT AND DAUNTLESS POWER

If your work keeps you on the move,

FULL FORCE. BEYOND OFFICE DOORS.
‘ SN425C N450T
call AMBRA. Our new MOBILE SYSTEMS = 485SX, 25 MHz, SL-Enhanced = 486DX2, 50 MHz
= 4MB RAM, max: 20MB s 8MB RAM, max: 12MB
= 170MB removable hard disk = 3.5" 1.44MB diskette drive
m 7.8" STN color screen m 200MB hard disk
= 1 PCMCIA slot, Type Il m 9.5 TFT active matrix
pack lots of POWER yet travel LIGHT. = 86-key keyboard color screen
n Integrated 16mm trackball = 1 PCMCIA slot, Type it
® MS-DOS® Windows™ 3.1 = 86-key keyboard
= Slip case = Integrated 16mm trackpall
= 4 |ps, including battery = I\CAS—DOS, Windows 3.1
= Carrying case 2
Firm confidence. $1,899 . o . 6.6%5,9
Every AMBRA comes with a 30-day money-back guarantee and a ;f,ﬁ'g‘g_'f’”a’ 857 1.44MB dlskette drive including battery mm
one-year limited warranty (optional Executive warranty also available). SN $3,899 ckball
; 425
And you can rely on toll-free technical support around the clock.
Y g PP ‘ = 486SX,25 MHz, SL-Enhanced N450C .
Full nience. = 4MB RAM, max: 20MB = 486DX2, 50 MHz
s o T T o e e = 8CMB removable hard disk  ® 4MB RAM, max: 12MB
O [2lXElS 2l el o GRiuve aliufei=tiet, HSHes weeke gys = 8.2" monochrome LCO = 3.5" 1.44MB diskette drive
8 am to 11 pm, weekends 10 am to 7 pm (ET). We accept Visa, = 1 PCMCIA slot, Type |l = 200MB hard disk
MasterCard® Discover® and American Express® — and purchase m 86-key keyboard ® 9.5" DSTN dual-scan
orders from qualifying businesses. Pick up the phone today! s Integrated 16mm trackball color screen
s MS-DOS. Windows 3.1 a1 FCMCIA slot, Type I
= Slio case = 86-key keyboard
= 4 Ibs, including battery = |ntegrated 16mm trackball
$1,299 s MS-DOS, Windows 3.1
(W'm’ 170MB hard dfrive, add $200. W ME )
i rive, 1 f .
With axteraal 3.5 1.44MB disketie crive, ™ ©-€ DS, including battery
add $99.) $2,599
“ROAD WARRIOR” OPTION BUNDLE: $386 N433C
For SN-Series: Includes PCMCIA 2.4/9.6 kbps fax/modem, extra battety, battery = 4865X, 33 MHz
charger, carrying case = 4VB RAM, max: 12MB
= 3.5" 1.44MB diskette drive
“QUICK DOCK” OPTION BUNDLE: $417 ® 120MB hard disk
For SN-Series: Includes port replicator, 14" UVGA color monitor, full-siz2 keyboard = 9.5" DSTN dual-scan

color screen
a1 PCMCIA slot, Type Il

“INSTANT OFFICE” OPTION BUNDLE: $927 = 86-key keyboard
For N-Series: Includes docking station, 15" FST color monitor, full-size keyboard = Integrated 16mm trackball
= MS-DOS, Windows 3.1

™
“TRAVELER” OPTION BUNDLE: $288 = Carrying case
For N-Series: Includes PCMCIA 2.4/9.6 kbps fax/modem and extra battery B = 6.6 Ibs, including battery

$2,199
In Canaca? call 1-800-363-0066, Ext. 1469 !

-2 00-1461

T Please call for details regarding AMBRA's money-back guarantee, limited warranty and Executive warranty. Return shipping and insurance charges are the responsibibty of the customer. 2 OMerings may ditfer in Canada
©1994 AMBRA Compuler Corporation. AMBRA is a trademark of ICPI Ltd. and used under license therefrom. The AMBRA logo and lagotyr are trademarks of AMBRA. Compute- Corporation MS-DOS is a registered trademark and Windows
is a trademark of Microsoft Corporation. All other product names are trademarks or registered trademarks of their respective suppliess. Offerings, prices and products.are subject to change without prior notice. Prices do not include shipping




£

Gover Story|

BUILDING

HIGH

Many of the technologies and players needed to construct the information infrastructure

are already in place. But the precise definition of the data highway is in the eye of the beholder.

Who builds it could dramatically affect how it works—and how it’s used.

ANDY REINHARDT

ne fact must be made clear about the
national information infrastructure: The
government is not planning to dig a
trench from New York to San Francis-
co, fill it with fiber-optic cables, and
call it a data highway. Rather, the in-
formation highway will be privately built, owned, and oper-
ated; the Feds will encourage its development only through re-
search funding, standards efforts, and changes in regulations.

In fact, much of the data highway already exists in the vast
web of fiber-optic strands, coaxial cables, radio waves, satel-
lites, and lowly copper wires now spanning the globe. What’s
needed now are better on- and off-ramps-—that is, better and
faster links from businesses, schools, and homes to the com-
munications backbone-—as well as new vehicles, more des-
tinations, and better guidebooks on how to get there. Hun-
dreds of billions of private and public dollars will be required
over the next decade to weave together the world’s commu-
nications systems and create these new software and hard-
ware navigation tools.

What will be the benefit of all this investment? For business
users, the data highway represents the holy grail of connec-
tivity: a ubiquitous internetwork that allows them easily and
inexpensively to connect with customers and suppliers, im-
prove communications among employees, and gather com-
petitive data. Applications facilitated by the highway, such
as videoconferencing, document sharing, and multimedia
E-mail, could reduce travel spending and encourage telecom-
muting. Businesses might also save big on reduced health-
care costs if the data highway improves distribution of med-
ical records and enables new techniques such as remote

468 BYTE MARCH 1994

diagnostics. “We're very excited about it,” says Ward Keev-
er, the coauthor of a report on the data highway from SIM
(Society for Information Management) and senior vice pres-
ident for information services at the Medical Center of
Delaware in Wilmington.

There’s little disagreement over
the grand vision of the data high-
way. It will be, as U.S. vice presi-
dent Al Gore calls it, “a network of
networks,” a massive client/server
and peer-to-peer mesh capable of
carrying gigabits, and eventually ter-
abits, of data per second on its trunk
lines. The back-end servers. net-
working technologies, client devices,
and software applications will be ut-
terly heterogeneous—the most sec-
ular network ever constructed. And
if it succeeds as envisioned, the data
highway could help businesses find
information more easily, open up new
modes of research and education, and give
consumers a wide choice of services.

It’s in the details that opinions start to di-
verge, and these differences could have a
profound effect on how the information in-
frastructure is designed and used. “Every
technology company out there can define
the information highway for you,” joked
James Abrahamson, chairman of the
board at Oracle, recently. “[It’s] the strate-




THE DATA

gic vision for whatever the company happens to sell.”

The parties vying to create the data highway—telephone
companies, cable distributors, computer makers, content
providers (e.g., publishers, studios, and on-line services), and
the worldwide Internet community—bring to the table dif-
ferent technologies and points of view. Forecasting the ultimate
form and function of the data highway requires examining
these conflicting technical perspectives. For instance, cable
companies tend to see the data highway as a distribution ve-
hicle for video and audio; were they solely responsible for
linking users to the backbone, their data highway might favor
information delivery over two-way communication.

Others, including Mitch Kapor, founder of Lotus and now
chairman of the Washington, D.C.-based Electronic Frontier
Foundation, see the creation of the data highway as an oppor-

UNDER
ONSTRUCTION

tunity to give citizens access to a vast wealth of information.
Kapor’s data highway might be less commercial- or enter-
tainment-oriented, and its architecture would encourage in-
dividuals to become information creators, not just consumers.

In interviews with nearly 100 industry executives, engi-
neers. analysts, users, and policymakers, BYTE has explored
how the national and international information infrastructure
is likely to be built. Below is a summary of those competing
views, along with our own opinions of the optimal direction for
the data highway of the future.

What Is It?

Oracle’s Abrahamson contends that the highway is simply
the logical conclusion of today’s convergence of hardware,
software, and networking technologies. The driving force for
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Data Wighway Report Card

Today's telephone system comes closest to meeting
the criteria for a data superhighway, but its copper

wiring can’t currently support multiple channels of
video or other high-bandwidth data. The Internet
is hard to use, doesn’t support billing or
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this convergence
is the increasing digitization of

data: as Nicholas Negroponte, the head of
MIT’s Media Laboratory, says, “Bits are
bits.” Service providers are fighting over
how to build the data highway. However,
once video or speech or geological data
becomes strings of 1s and Os, users won't
care what pipe they traverse to get from
one computer to another.

The data highway’s backbone will use
every wide-area communication technol-
ogy now known, including fiber, satellites,
and microwaves, and the on- and off-ramps
connecting users to the backbone will be
fiber, coaxial cable, copper, and wireless.
Data servers will be supercomputers, main-
frames. minicomputers, microcomputers,
and massively parallel machines, while a
great diversity of clients will populate the
end points of the network: conventional
PCs, palmtops and PDAs, smart phones,
set-top boxes. and TVs. Software used on
the network will include operating sys-
tems, networking protocols and services,
user interfaces, databases, data sources (or

Today's phone and cable companies use different
topologies and technologies to deliver their services.
The phone system is switched, symmetrical, and
interactive. ks backbone or “trunk” lines are typically
digital fiber; analog copper wires deliver service into
homes and businesses. The cable system is unswitched
and distributive, built on a backbone of analog fiber
and satellites, with analog coaxial cables into customer
sites. In the future (far right), their local architectures
will be nearly identical: Int cted signal collecti
and routing points feed services via fiber to the neigh-
borhood or the curb. From these nodes, data enters
homes and businesses on a mix of coaxial cable, cop-
per wire, and fiber to reach set-top boxes, computers,
and phones. Both systems are switched and two-way,
though not necessarily symmetrical or entirely digital.
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Telescript) that will help us-
ers navigate the network.
Unresolved technical ar-
guments about the data
highway’s architecture
boil down to two main
categories: protocols
and bandwidth. The
protocol problem con-
cerns the uitimate role of TCP/ IP, the lin-
gua franca of the Internet and Unix-based
LANS. Buttressed by the engineering re-
sources of the IETF (Internet Engineering
Task Force), TCP/IP has continuously
evolved. But it suffers drawbacks for real-
time use that could threaten its position as
an internetworking standard when multi-
media traffic plays a greater role on the
data highway. An emerging alternative
is ATM (Asynchronous Transfer Mode),
a hybrid circuit-switched and packet-
switched networking scheme that performs
well in real-time applications but lacks
TCP/IP’s software base. One potential so-
lution is to run TCP/IP over ATM.
Bandwidth equals data transmission ca-
pacity. Conventional telephones need very

little, while HDTV needs large amounts—
20 Mbps or more per channel. How much
bandwidth is necessary to connect busi-
nesses, homes, schools, and governmental
bodies to the data superhighway will de-
pend on the applications they end up using:
on-ramps will need a lot more bandwidth
if users demand interactive digital video
than if they use the highway to send E-
mail. A yet more subtle problem is how
to allocate bandwidth into and out of cus-
tomer sites: A system biased to data de-
livery—i.e., with a high ratio of down-
stream to upstream bandwidth—implies
information consumption, whereas one
with symmetrical or dynamically assigned
capacity implies communication.

The Players

To meet the needs of society, the data high-
way has to be ubiquitous, affordable, easy
to use, secure, multipurpose, information
rich, and open. If it’s to be economically
viable, service providers have to be able to
bill customers for the time they spend on
the network or for the data they use. Each
of the precursors of the data highway meets
these criteria with varying success. The
different heritages of the players are re-
flected in how they define the information
infrastructure.

Cable companies. Steeped in broadcast-
ing analog video through a wire, cable
companies see the data highway largely
as synonymous with enhanced entertain-
ment services. They want to layer onto the
video stream new consumer offerings such
as interactive TV (e.g., video-on-demand,
home shopping, viewer polling, and in-
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formation-on-demand). But the cable com-
panies want to provide important business
services, too, such as voice telephony, data
communications, and access to on-line ser-
vices. Most of all, they see the data high-
way as a chance to exploit their primary as-
set: broadband coaxial cables stretching
into an estimated 60 million U.S. homes
and millions more around the world.

A major challenge for cable companies is
that their systems tend to be proprietary and
not interconnected. Constructing a nation-
wide network will require adopting com-
mon standards, installing giant gateways,
and leasing backbone capacity from long-
distance carriers (or spending big money
to lay their own digital fiber trunk lines).

Telephone companies. Where the cable
companies are weak, phone companies—
both local and long-distance—are strong.
Cable has traditionally used a one-to-many,
trunk-and-branch topology with little or
no provision for “upstream,” or return,
communications. The phone system was
designed for point-to-point communica-
tions and has evolved into the world’s larg-
est switched, distributed network, capable
of handling millions of phone calls simul-
taneously, tracking each one, and billing
customers precisely for their usage. The
phone system’s legacy as a public utility
has given it a degree of reliability and
openness unmatched in the cable world.
The phone companies want to send data,
especially video, over their vast networks.
But the phone system suffers a bandwidth
shortage: Although the trunk lines criss-
crossing the country are of high-capacity
fiber, the local loops into businesses and

Topology of Data-Highway Access Ramps

»r TOPOLOGIES AND PROTOCOLS

Gover Story|

Telephone and cable systems use dramatically different communications architectures and stan-
dards. If the RBOCs, interexchange carriers, and cable companies merge into the data highway,
their systems will evolve to encompass each other’s advantages.

CABLE CABLE/TELCO

TELCOS INTERNET
(VOICE/DATA) (VIA TELCOS) (TODAY) (FUTURE)
Key users Everybody Government, 60 percent of Everybody
academia, business  U.S. homes
Media/backbone 97 percent NSFnet (T3), Satellite, Analog/digital
digital fiber optic other telcos analog fiber optic  fiber optic,
satellite
Media/local Copper wire, Copper wire, Coanxial cable Coaxial cable,
wireless Switched-56, fiber optic,
T1/FT1 copper wire,
two-way radio
Topology Circuit-switched, Packet-switched, Unswitched, Switched/
star routed trunk and branch unswitched,
star
Protocols POTS, TCP/P Proprietary analog  Analog,
ISDN, ATM ADSL ATM

homes are typically two- or four-wire un-
shielded copper with limited bandwidth.

The Internet. Riding on the shoulders of
the phone system is a remarkable world-
wide computer cooperative, the Internet,
a government-subsidized experiment in
distributed computing, electronic commu-
nity, and controlled chaos. The Internet
doesn’t own the pipes it passes through,
and nobody owns the Internet, but it is
growing by as many as 150,000 new users
per month. If the wires and cables of the
communications industry are the data high-
way's foundation, the Internet may pro-
vide its language, culture, and customs.
A unification of phone and cable sys-
tems could bypass the Internet and threat-
en its relevance, but given the Internet’s

rich human and informational capital, the
more likely scenario is that its technology
will be harnessed for the highway. A num-
ber of companies are working to make the
resources of the Internet, which has a no-
toriously arcane interface and command
structure, more accessible to businesses
and individuals.

Policymakers. Washington is working to
resolve policy issues concerning the data
highway. Proposed legislation to ease reg-
ulations on cable and phone companies
has the support of the Clinton administra-
tion. The most significant remaining chal-
lenge is how to ensure universal access to
the information infrastructure. A princi-
ple enshrined in phone regulation since
the 1934 Communications Act, universal
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| SHORT TERM (1994-1996)

* Backbone: existing standards (T1/T3, X.25,
basic-rate ISDN); increased use of frame
relay, SMDS, and SONET; limited penetra-
tion of ATM; TCP/IP for internetworking

* Local loop: separate phone (POTS, ISDN,
cellular) and cable (analog, pay-per-view)
delivery systems; emergence of packet ra-
dio and PCS wireless

* Trials of radie- and cable-based interactive
analog TV

* Trials of ADSL video-over-copper
* Trials of swifched digital video

* Increasing insensitivity of “smart” back-
bone to end-point devices

* Increasing commercialization of the In-
ternet

* Continued growth of commercial and busi-
ness on-line services and entry of new |
parties

* Proliferation of easy-to-use retrieval tools
and information agents

o Lift restrictions on RBOC delivery of video
content in and out of region, but retain re-
strictions against in-region ownership of
cable companies by RBOCs.

* See more competition at local loop from
interexchange carriers and alternative-
access carriers; maintain restrictions on
RBOCs’ providing long-distance service.

* Encourage two wires into each home—
coaxial cable and copper—and multiple |
services to business locations.

* Encourage greater penetration and tariff-
ing of ISDN to business and residential
users,

* Encourage interactive TV tests to homes
and businesses.

|« Encourage universal access to data-high-
way on-ramps: open platform, common
carrier, user subsidies.
[[5e Ensure data security and privacy without
trapdoors.
* Encourage upstream/downstream band-
width symmetry.

* Maintain muRtiplicity of free data sources
| onthe Internet.

seriice requires telecommunications come
panies (or relcos) to cross-subsidize the
cost of serving poor, rural, or other less-
profitable customers with higher-margin
clients such as downtown businesses. If
the data highway is to become a national
asset and the basis for an information so-
ciety, access to it must be affordable to all
(see the text bax “Government Policy on
the Data Highway™).

Meanwhile, effarts are under way in
50
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MEDIUM TERM (1996-1998)

INFRASTRUCTURE

‘ * Backbone: primary-rate ISDN, frame relay,
SMDS, SONET, and ATM; TCP/IP.

* Local loop: fiber-to-the-node, dual services
(phone and cable on copper and coaxial

cable} or single-provider services (via coax-
ial). Mix of POTS and ISDN, analog and
digital cable. Some fiber to the home. Wide-
ly installed wireless.

* Bandwidth allocation remains skewed to
downstream delivery.

¢ Greater use of analog interactive TV.

* Serious investment in switched digital video,
ATM to the node.

* Early use of HDTV.

* Widespread use of personal communi-
cators.

FPOLICY

* Lift restrictions on in-region cross-owner-
ship between cable and telcos.

* Lift restrictions on RBOCs providing long-
distance service.

* Increase investment in fiber to the home
and desktop.

* Maintain antitrust vigilance toward infra-
structure and content providers.

countries outside the U.S. to build similar
national networks. Canada, Germany, and
Japan have major projects (see the text
baxes “Data Highway Lags in Japan” and
“Europe’s Many Data Highways”). Many
U.S. firms are rushing into foreign mar-
kets to gobble up newly privatized tele-
communications franchises or to conduct
technical trials of systems they hope to
replicate back home. Connecting all these
regional initiatives, many argue, will be
the existing, de facto international infor-
mation infrastructure, the Internet.

User Views
The data highway “will have a tremen-
dous effect on how we work and do busi-
ness with banks and our customers and
suppliers worldwide,” says Barry Cole-
man, senior economist for Texaco’s alter-
nate energy and resources department.
“The dollars saved using electronic data
interchange will be tremendous,” he adds.
Yet despite the potential improvements
in productivity and communications prom-
ised by the data highway, some corporate
users remain wary. Bruce Smith, MIS man-
ager for ENSR Consulting and Engineer-
ing, says he is worried about security. “I'm
nervous about things like that; it’s a dou-
ble-edged sword.” (See the text box “High-
way Safety: The Key Is Encryption.”)

LONG TERM (1998-2001)

¢ Backbone: ATM over SONET, Broadband
ISDN, SMDS over ATM, IPng

* Local loop: single coaxial cable or fiber to
the home, running end-to-end ATM

* Ubiquitous bandwidth symmetry

* Switched digital video infrastructure in
place

* Wide adoption of HDTV and early use of
3-D/virtual reality services

For some users, security is of such para-
mount concern that they don’t even out-
source their communications needs today
to private network providers, much less
anticipate using a public backbone to ex-
change sensitive information. “A public
information highway doesn’t mean a thing
to me,” says Ben Fishman, LAN manager
for the Wells Fargo Bank in San Francis-
co, California. But Fishman acknowledges
that on the customer side of the bank’s
business, on-line banking services over
the data highway could be an attractive
time- and money-saver.

A SIM report examines nine areas of
concern for business users of the data high-
way: standards for connectivity and inter-
operability, competitive versus regulato-
ry forces, access, protection of rights, pace
of development, funding of research. trans-
port media, speed of data transfer, and the
role of the Internet. As a rule, SIM advo-
cates openness and competition wherev-
er possible, but with adequate legal pro-
tections to guard against monopolies and
ensure equal access. As for the Internet,
Keever of the Delaware Medical Center
says: “We’re concerned about its ability
to scale up, both technically and adminis-
tratively, as well as to provide appropri-
ate security to end users.”

Long-Distance View

Long-distance carriers provide the high-
speed long lines that now interconnect re-
gional and national phone systems—and
that form the backbone of the Internet—
but they have higher aspirations for their
role in the information infrastructure: They
are starting to get into the focal-access
business, and they plan to offer services
(e.g., mail, directories, and information)
and hardware/software products for cruis-
ing the data highway.

According to the terms of the 1984
breakup of Ma Bell, the seven regional
Bell operating companies, or RBOCs (i.e.,
Ameritech, Bell Atlantic, BellSouth,
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Government Policy on the Data Highway

+ MODIFIED FINAL JUDGMENT,

JANUARY 1984

Judge Harold Greene’s decision broke up
the AT&T Bell System and created the sev-
en RBOCs. It forbade local telcos from
manufacturing equipment, providing long-
distance service, delivering video, or own-
ing content.

* INFORMATION SERVICES RESTRICTIONS

EASED, OCTOBER 1991

Responding to an appeals court order,
Judge Greene lifted restrictions against
RBOCs' providing information services, al-
lowing them to own news, sports, weather,
and other data services distributed over
their phone lines.

* BELL ATLANTIC V. U.S., AUGUST 1993
U.S. District Court Judge T. S. Ellis ruled un-
constitutional the provision of the 1984
Cable Act preventing local phone compa-
nies from providing TV programming in
their service territories. Now on appeal.
Ruling applies only to Bell Atlantic,

Nynex. Pacific Telesis, Southwestern Bell,
and US West), provide regulated local
service and are concerned with the local
loop—how data, voice, and video services
get in and out of customer sites. Long-dis-
tance (or interexchange) carriers, such as
AT&T. MCI, and Sprint, focus on the
backbone and on value-added services.
These roles, however, are starting to blur.

One job now performed by long-dis-
tance firms will remain the same in the
data-highway era: They will provide the
trunks. or long lines, that carry telephone
traffic across the boundaries separating lo-
cal service areas in the U.S. and into oth-
er countries. These lines are almost en-
tirely fiber now, and most use SONET
(Synchronous Optical Network), a CCITT/
ITU standard that defines various levels
of digital telephony service over fiber.

Trunk lines range in capacity from T1
rates (1.544 Mbps) up to OC-48 (2.4 Gbps)
and beyond. Today’s Internet backbone,
for instance, is built on T3 (45 Mbps) lines
operated by MCI. Local access from users
to hosts and hosts to the backbone occurs
at rates ranging from 2400 bps to 19.2
Kbps for dial-up, or via leased lines at mul-
tiples of 56 Kbps or 64 Kbps up to the T1
rate of 1.544 Mbps.

The complex telco regulatory structure
permits other roles for long-distance car-
riers as well. They can manufacture equip-
ment, which RBOCs cannot do. Long-dis-
tance companies also offer value-added
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LEGISLATIVE

* HIGH PERFORMANCE COMPUTING ACT |
OF 1991
Sen. Gore's bill authorized creation of the
NREN (National Research and Education
Network) and funded research on high-
speed networking hardware and software.

* H.R. 1757, NATIONAL INFORMATION

INFRASTRUCTURE ACT OF 1993

Author: Boucher (D-VA). Status: Passed
House of Representatives September 1993;
no Senate equivalent, but portions are
found in S.4, which is pending. Would ex-
pand on the High Performance Computing
Act of 1991, providing coordinated feder-
al program to develop and disseminate ap-
plications for high-performance networking
and high-speed networking in education, li-
braries, health care, and provision of gov-
ernment information.

* H.R. 3636, NATIONAL COMMUNICATIONS
COMPETITION AND INFORMATION
INFRASTRUCTURE ACT OF 1993
Sponsors: Markey (D-MA), Fields (R-TX),
Boucher (D-VA), and Oxley (R-OH). Status:
Introduced Nov. 22, 1993. Major restruc-
turing of 1934 Communications Act; would
permit telcos to deliver video, open local
telco market to competition, provide for
open platform, ensure universal service.

* H.R. 3626, ANTITRUST REFORM ACT

OF 1993

Sponsors: Brooks (D-TX) and Dingell (D-
MI). Status: Introduced Nov. 23, 1993.
Would phase out limitations placed on
RBOCs by Modified Final Judgment to 1982
consent decree breaking up AT&T. Would
let U.S. Attorney General and FCC grant
RBOCs the right to offer interstate and in-
terexchange services, manufacture equip-
ment, offer burglar alarm services, and
own a partial interest (up to 50 percent
or 80 percent, depending on conditions) in I
electronic publishing ventures.

services, such as formatted data handling;
both AT&T and Sprint, for instance, have
begun to sell ATM backbone service di-
rectly to customers who install private lines
from their facilities to nearby long-dis-
tance points of presence, or POPs.

Most important, long-distance compa-
nies are not enjoined from offering local
phone service in competition with the
RBOCs. The biggest news in this context
is AT&T’s pending $12.6 billion acquisi-
tion of McCaw Cellular Communications;
wireless technology provides a means to
bypass the RBOCs and connect customers
directly to long-distance POPs. To the ex-
tent that wireless communications become

EXECUTIVE

* THE NATIONAL INFORMATION
INFRASTRUCTURE: AGENDA FOR ACTION,
SEPTEMBER 15, 1993
The Clinton administration proposed form- |
ing IITF (Information Infrastructure Task |
Force), composed of federal officials, and |
“U.. Advisory Council on the NIL,” com- |
posed of 25 public- and private-sector
appointees. Among its goals: to promote
private-sector investment; reform com- |
munications regulation; ensure universal
service; promote applications in educa- |
tion, health care, manufacturing, and gov-
emment information; promote standards
for seamless networking; ensure security
and reliability; protect intellectual proper-
ty rights; and improve management of the
frequency spectrum.

* VICE PRESIDENT GORE'S ADDRESS,
JANUARY 11, 1994
The administration voiced support for the
Brooks/Dingell bill (H.R. 3626), which
would allow competition between local and
long-distance phone companies and pro-
poses creation of a new, optional class of
regulation for broadband interactive ser-
vices, called Title VII. Three principles are
paramount: private investment, fair com-
petition, and open access. Legislation
proposed by Clinton will aim to ensure uni-
versal service and open access. The ad-
ministration will also support other NIl
measures, including networking research,
applications development, and electronic
delivery of government services.

a key on-ramp to the data highway, the
long-distance carriers—as well as wire-
less providers such as RAM Mobile Data
and the IBM/Motorola Ardis joint ven-
ture—want a piece of the action.

AT&T has yet more irons in the fire. It
now owns the Eo and Go technologies for

" pen-based computing, signifying its in-

tention te compete in the market for mo-
bile end-user devices. And it has obtained
agent-based communications software
from General Magic, which forms the basis
for an advanced messaging service called
Personalink that AT&T unveiled in early
January.

The current regulatory environment
works to the advantage of interexchange
carriers, because they are freer than the
RBOCs to move into new services. But
with pending policy changes in Washing-
ton, telecommunications competition could
turn into a free-for-all. The result for cus-
tomers could be fierce price competition
and an explosion of service options.

continued



Power Packed Upgmdes.

POWER SUPPLIES SOLID-STEEL CASES OVER-TEMP ALARM

“The premier power-supply maker”
John Dvorak, PC Magazine, March 30, 1993

“The only company to go to for a power supply”

Jerry Pournelle, Byre, April 1993
STANDARD UNITS

These UL/CSA approved, fully tested power
supplies are the best basic units available.
STANDARD 205 SLIM ....ocovvmmrmssssssensensens $89
STANDARD 220 DESK/TOWER............. $89

ULTRA-QUIET UNITS

Unrattle your nerves with
an ultra-quiet Silencer
power supply. Appreciated
by users since 1986, their
high-efficiency fans and
low-turbulence circuitry
reduce noise by up to 84%!
A must for home office or multimedia applications.

NOISE LEVELS (db)

44 100%
a2

50°
0
38 2%%

ORDINARY SILENCER
POWER SURPLY POWER SUPPLY

SILENCER 205 SLIM ....cconvvmssummererenssans $119
SILENCER 220 DESK/TOWER .......... $129
SILENCER 270 DESK/TOWER ........... $179

HIGH-PERFORMANCE UNITS

Upgrade your computer with one of our premium
Turbo-Cool power supplies—the choice of PC
professionals. You'll get 50% - 100% more power,
built-in line conditioning, super-tight regulation,
ultra-clean output, a high-capacity cooling fan,
UL/CSA/TUV,, a 2-year warranty for 300W
models, and a S-year warranty for the 450! Ideal
for high-end workstations and network file servers.
TURBO-COOL 300 SLIM/BABY ......... $169
TURBO-COOL 300 DESK/TOWER ... §189
TURBO-COOL 450 DESK/TOWER ... $349

Give your computer a
professional, high-tech
look with one of our
premium-quality,
USA-made, all-steel
cases. They're rigid—
unlike light-weight
imports—so the PC’s
" components are always
properly aligned and grounded.
You'll enjoy easy ‘system access, andwith room for
up to 18 drives, there’s real expandability!

Desktop Tower Monster

Exposed Drive Bays: 5 6 13
Total Drive Bavs: 7 8 18
Motherboard Capacity: 1 1 2
Power Supply Capacity: I 1 2
Cooling Fan Capacity: 2 3 6
Filtered Air Inlet: Yes Yes Yes

Lockable Front Door: Yes No Yes
Beige or Black Finish: Yes Yes Yes
Meets FCC-B Specs Yes Yes Yes
Made in USA Yes Yes Yes

SOLID-STEEL DESKTOP CASE......... $175
SOLID-STEEL TOWER CASE ............ $295
SOLID-STEEL MONSTER CASE........ $895

REDUNDANT POWER

Eliminate the risk of network downtime or data loss
due to power supply failure with the TwinPower 900
redundant power system. It delivers high-capacity,
fault-tolerant power to your entire network server.
Consists of two Turbo-Cool 450 power supplies
in parallel, utilizing a special power-management
interface module. A must for mission eritical LANG.
& 900 watts peak power
m 100X more reliable
than a single-unit

m load-sharing design
m hot-swap capability
m S-year warranty )
m monster-case compatible

TWIN-POWER 900 ........creereurnirnssrransens $995

Don’t wait for the acrid smell of
burnt components! With our
new 110 Alert, you'll know
if your PC is overheating
before damage occurs.
Should the computer’s
temperature reach 110°F, a loud
alarm warns you that a fan has failed or that the
cooling system is inadequate to handle that extra
hard drive or other peripheral you may have added.
Compatble with any computer, the inexpensive
110 Alert is compact, easy to install, and so reliable,
it carries a lifetime warranty.

110 ALERT $29

CPU COOLERS

It's a fact. 486 chips run hot, often exceeding 185°F!
Now, you can cool your 486 to a safe 85°-95°F with
our popular CPU-Cool. It prevents random system
errors and other heat-related problems. Consists of
a mini-fan embedded in a die-cast heat sink that
easily mounts on the CPU. Powered by a spare
drive connector. Effective, inexpensive insurance!

m cools CPU 70° - 100F
m prevents system errors

180 & E
waddsyearsto CPUlife
m thinner, quieter, and t20e
better-built than cheap "}, ‘
imported imitations. .

m safe, simple installation GoO0.  cPu-caoL
CPU-COOL (FOR 4865) sv.crersesrsssresossessessis $29
PENTACOOL (FOR PENTIUMS) «.cnveene $39

o CPU TEMP (°F)

PC POWER & COOLING, ING.
5995 Avenida Encinas, Carlsbad, CA 92008 * (619) 931-5700 © (800) 722-6555 ® Fax (619) 931-6988

We accept Visa, MC, COD, or PO on approved credit. Warranty period: Five years for Twin Power and Turbo-Cool 450. Two years for Turbo-Cool (except 450), Silencer, and CPU coolers, One year for all others (except 110 Alert)
Hours: 7 am. - § p.m. (PT) Mon. - Fri. Silencer, Turbo-Cool, TwinPower, CPU-Cool, PentzCool, and 110 Alert are trademarks or registered trademarks of PC Power & Cooling, Inc. ©1993 PC Power & Cooling, Inc.
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What ADSL and DMT Provide

Twisted-pair
copper phone wire

'<‘Wbdeband ISDN (384 Kbps)

>
<Basic rate ISDN (144 Kbps) >
<lmeracnve backchannel (16 to 64 Kbps) > :

<Analug POTS (piain ordinary telephone servi

ADSL attempts to use existing copper phone wire for broadband interactive video and other high-speed digital
services. An experimental variation on ADSL, known as DMT (Discrete Multi-Tone), squeezes four one-way video
channels onto ordinary twisted-pair wiring, along with a two-way interactive backchannel and two ISDN channels—

still leaving room for regular analog telephone service.

RBOC Realignment

The local phone companies are the van-
guard of data-highway construction; their
lines into homes and businesses are the
access ramps to the backbone. Yet their
perspective is different from that of the
interexchange carriers because RBOCs
have, in effect, been treated as utilities for
the last decade.

Two critical restrictions imposed on the
RBOCs by the 1984 breakup of the Bell
system were that they could not own in-
formation services and could not deliver
video content within their designated ser-
vice areas. The judicial, executive, and
legislative branches of the federal gov-
ernment are now racing to see who can
lift these provisions fastest: Last August, a
federal court decision on behalf of Bell
Atlantic wiped out the video restriction,
pending appeal; and both White House
initiatives and Congressional legislation
have been introduced to ease regulation.
. Until new regulatory structures are in
place, the RBOCs are growing by buying
cable properties outside their regions; the
best-known deal is the pending $25 bil-
lion merger of Bell Atlantic and Tele-Com-
munications, Inc., or TCI, the nation’s
largest cable provider. At the same time, to
protect themselves from expected compe-
tition from other RBOC/cable partnerships,
they are retrofitting their local systems to
support video.

Several approaches are being used. Bell
Atlantic has conducted trials in northern
Virginia and central New Jersey. The Vir-
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ginia test harnesses ADSL (Asymmetri-
cal Digital Subscriber Line), a new tech-
nology that lets conventional copper wires
carry up to 1.54 Mbps of data—enough
to deliver one channel of precompressed
movies to a single user. The data is sent
through the switched phone network to a
set-top box that decompresses it and con-
verts it back to NTSC analog video for de-
livery to the TV. The Virginia trial, which
began with a few Bell Atlantic employ-
ees, is evolving into a market test of some
2000 consumers in northern Virginia.

ADSL is a quick-and-dirty way to pump
digital video over the existing copper plant.
It’s no match for 50 channels of cable, but
with a pair of set-top boxes and an A-B
switch, customers could receive video
feeds from both their cable company and
their phone company. By late 1994, says
Bell Atlantic vice president of technolo-
gy John Seazholtz, ADSL is expected to
support up to 6 Mbps of video plus ancil-
lary services, as well as multiple users per
premises and, when real-time compres-
sion arrives in 1995, live TV.

ADSL can also play a role in nonvideo
applications. For instance, Bell Atlantic is
considering bundling together Internet ac-
cess software, ADSL compression, and
ISDN service, to give customers easy,
high-speed access to the Internet. The 1.54-
Mbps downstream data rate would make
downloading image files hundreds of times
faster than over a modem, while upstream
data transfers, at ISDN speeds, would be
upwards of 25 times faster. This raises the

interesting possibility of CompuServe or
Internet ftp sites becoming multimedia ser-
vice providers.

Bell Atlantic’s New Jersey trial uses a
much more ambitious and expensive ap-
proach, based on technology from Broad-
Band Technologies (BBT) of Durham,
North Carolina. BBT’s system consists of
several pieces. A host digital terminal
combines telephony feeds from central
phone offices and digital video feeds from
cable headends and sends them over a sin-
gle paired-fiber cable (for two-way trans-
mission) to an optical network unit. (A
cable headend is the central point at which
TV signals downlinked from satellites and
supplied by local stations are modulated
onto the cable. A BBT device converts
this analog video to digital.) The optical
network unit, located at or near the cus-
tomer site, then splits the signal back into
digital video and analog telephony com-
ponents and sends them, respectively, via
coaxial cable to a digital set-top box and
via copper wire to a standard phone. Re-
turning signals follow the reverse path.
BBT’s set-top box is being developed with
Philips Consumer Electronics and Com-
pression Laboratories.

Although BBT’s architecture requires
installing fiber nearly to the customer site,
most telecommunications and cable com-
panies were already doing this anyway.
BBT’s advantage is that it uses only a sin-
gle fiber for voice and video data. Further-
more, it adds star-topology switching to
the video distribution system, providing
customers with guaranteed but asymmet-
rical downstream and upstream bandwidth.

Bell Atlantic’s BBT trial builds on a ba-
sic premise: that there will be two wires
reaching into the home—the copper and
coaxial cable already found in over 60 per-
cent of U.S. households. Coaxial cable has
ample bandwidth to support the applica-
tions envisioned so far for the data high-
way, especially if the backchannel is pro- -
vided through the switched phone system.

Others foresee only one wire: a coaxial
cable or a single fiber. Cable companies
like TCI hope to provide both video and
voice/data service over a single coaxial
cable. Pulling fiber everywhere is too ex-
pensive to justify (estimates range as high
as $400 billion to do every business, home,
and school in the U.S.) until demand for
broadband services is better understood
and content offerings have matured.

Besides, as Seazholtz points out, all-
fiber connections pose a tricky technical
problem: how to keep phone service alive
during a power failure. The lasers used to
drive fiber optics in the office or home
would have to draw AC current and thus
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Cover Story|
Data Highway Lags in Japan

Asao Ishizuka

The data highway hasn’t yet come to Japan. NTT (Nippon Telephone & Tele-
graph), Japan’s largest common carrier, has a backbone that is already 65 percent
fiber, and corporations are using this fiber for intra- and intercity communications.
ISDN is also available—there are more than 230,000 basic-rate ISDN circuits (64
Kbps) and 3100 primary-rate circuits (1.5 Mbps).

Implementing fiber to the home, or even fiber to the curb (also known as the
Next Generation Communications Infrastructure) will be a long, tough road. NTT
estimates that the cost to develop the new infrastructure will be $410 billion: if $18
billion is allocated annually for this, the new infrastructure will be built by 2015.

Japan has also experienced a very slowly developing cable business. This is due
in part to widespread coverage by broadcast TV, a large number of video rental
shops, and the availability of alternative entertainment sources. such as Direct
Broadcast Satellite, which now dishes out NTSC and HDTYV signals to nearly 6.3
million subscribers.

However, some Japanese multimedia network researchers think that the real use
of the information highway will be for professional and business applications, not
for the home, because of its cost. The Ministry of Posts and Telecommunications
decided in December 1993 to deregulate CATV and boost the integration of broad-
casting and communications by repositioning cable as a core medium. Under the
new rules, cable businesses will be able to provide communications services in ad-
dition to broadcasting, and foreign carriers will be able to enter the Japanese cable
business. Nynex is already getting ready for experimental CATV service in Yoko-
hama with Japanese partners, starting in the spring of 1994. And TCI is starting an

advanced CATV service in Tokyo with Suginami CATV, beginning in October

1994,

Asao Ishizuka is a senior writer in the PC Bureau of Nikkei Business Publications, Inc. (Tokyo,
Japan). He can be reached on the Internet at asao@farnsworth.mit.edu, on CompuServe at

74120,1663, or on BIX as “asaoi.”

would fail during an outage. BBT's hy-
brid architecture, in which active optics
stay at the curb while buildings remain do-
mains of passive electronics, appears to
be a safer solution for customers.

On the opposite coast of the U.S., Pa-
cific Bell has announced an ambitious
multibillion-dollar plan to go it alone, with-
out a cable partner, and rewire California
with fiber and coaxial cable. It aims to pro-
vide not just a “video dial tone” (its right to
do so relying on the Bell Atlantic precedent
or new FCC regulations), but video tele-
phony and data access as well. Says Keith
Cambron, Pac Bell’s director of systems
engineering for consumer broadband:
“Video telephony, because it’s symmetri-
cal and point-to-point, requires more of a
telephony model than a CATV model.”

Pac Bell’s design presumes, as a starting
point, a heterogeneous mix of end-user
devices. Cambron identifies a minimum
of eight: standard analog phones; standard
cellular phones; home computers linked
to the network by analog modems or dig-
ital ISDN ports; RF modems that attach
CATYV to an individual PC (via an add-in
card) or a network of PCs (via an RF-to-
Ethernet converter); conventional analog
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set-top boxes; advanced digital set-top
boxes; and plain old cable-ready TVs and
VCRs. In other words, the network envi-
sioned by Pac Bell doesn’t make existing
equipment obsolete, and it adds new digi-
tal services incrementally.

The architecture is similar to that of oth-
er switched systems. Central office switch-
es communicate by digital fiber to neigh-
borhood nodes that serve roughly 500
customers. From the fiber nodes to the
customer site is shared coaxial cable,
which terminates at an NIU (network in-
terface unit) attached to the side of the
building. From there, separate signals are
fed by coaxial cable and copper to video
and telephone devices. Cambron contends
that there is enough upstream bandwidth in
this design to permit video telephony.

At the back end is where Pac Bell’s
legacy as a common carrier becomes most
evident. The central switch communicates
with a video gateway, which according to
Cambron still needs development. This
gateway provides the user’s first-level
menu selections; the second-level menus
are for each particular service provider.
All these interfaces are open and work co-
operatively. “We want to encourage as

many suppliers as possible to get onto our
network with gateways to their video ser-
vices,” Cambron says.

From Trunks to Stars

Cable companies already have the most
bandwidth into American homes, but they
haven’t wired up many schools or busi-
nesses. They also have the most to gain
from retrofitting their networks to become
data-highway access roads: While hold-
ing onto their video delivery business, they
could unseat the RBOCs by providing lo-
cal access to long-distance carriers. The
key technical need is to push fiber closer to
the final delivery point. TCI and others
are doing that, following models similar
to the Bell Atlantic/BBT and Pac Bell proj-
ects. Time Warner is trying a more radical
approach that employs ATM.

Cable systems are moving in roughly
the same direction as RBOCs, which is
why their partnerships seem so logical.
TCI, for instance, announced in 1993 that
it would spend $2 billion over the next
few years to upgrade its system with fiber
nodes and support for video compression.
The upgrade was widely misreported to
mean that TCI would supply 500 chan-
nels of cable; the truth, according to vice
president of TCI Technology (TCI’s tech-
nology subsidiary) Bruce Ravenel, is that
TCI will have enough capacity for 500
channels for a variety of business and con-
sumer services, including traditional broad-
casts, pay-per-view or video-on-demand,
videoconferencing, voice telephony, and
on-line access.

Traditional cable systems use a distrib-
utive architecture antithetical to two-way
communications. Area headends, or cable
programming distribution points that serve
thousands of subscribers, receive program-
ming via satellite or feeds from local broad-
casters and shunt them onto coaxial ca-
bles that run into neighborhoods, with
cable drops to individual homes. Chan-
nels are broadcast in 6-MHz bands be-
tween the frequencies of 50 MHz and 450
MHgz, although newer systems can go up to
750 MHz or higher.

The two biggest changes since cable
emerged 40 years ago were the develop-
ment of addressable channel selectors (i.e.,
set-top boxes with individual IDs that can
accept messages broadcast through the ca-
ble system) and the discovery of a way to
modulate analog video over fiber media.
Cable systems have dramatically improved
picture quality by shipping source pro-
gramming around on interference-free fiber
instead of coaxial cable. Their potential
for two-way communications, however,
is still constrained by an analog trunk-and-
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BERND STEINBRINK

Having built a uniform standard
for Euro-ISDN that was accepted
by 26 network companies in 20 coun-
tries, France Telecom and Deutsche
Telekom are now trying to establish a
European standard for the next genera-
tion of high-speed networks. In cooper-
ation with British Telecom, Spanish
Telefonica, Italian STET/ASST, and
Swedish Telia, the companies will build
a Europe-wide, high-speed digital fiber
network called the Global European
Network, or GEN, that should be the
precursor of a future ATM (Asynchro-
nous Transfer Mode) network. In the
mid-1990s, GEN is expected to be ab-
sorbed into the METRAN or Managed
European Transmission Network, which
will support data transmission at rates
of up to 155 Mbps across Europe.

AT&T now cooperates with most of
these state companies on national ATM
projects, as well as on PEAN (Pan Eu-
ropean ATM Network), a pilot project
set up by 18 European operators to test
a broad palette of communication ser-
vices. By mid-1994, PEAN will have
nodes in Austria, Belgium, Denmark,
Finland, France, Germany, the Nether-
lands, Norway. Spain, Sweden, and
perhaps other countries: interoperabil-
ity tests scheduled for then will allow
transmission of video and image data
across the high-speed network. PEAN
members have agreed to purchase and
install ATM cross-connections that
meet standards and recommendations
from CCITT/ITU and ETSI (the Euro-
pean Telecommunication Standard In-
stitute), as well as specifications from
Heidelberg-based Eurescom.

France Telecom has started yet an-
other project with Telecom PTT Swit-
zerland called Betel (Broadband Ex-
change over Trans-European Links),
which began trials in September 1993
with the interconnection of several re-
search facilities in France and Switzer-
land. Applications running on the Betel
network include distance learning via
videoconferencing and sharing super-
computers for scientific computing
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Europe’s Many Data Highways

tasks. The platform consists of 34-Mbps
fiber-optic circuits, and the different
sites are equipped with FDDI (Fiber
Distributed Data Interface) LANs
linked to the ATM platform. Starting
this year, cost-effective LAN intercon-
nections at very high speeds via ATM
networks will be offered.

Another France Telecom ATM proj-
ect is Brehat, a complete communi-
cation system for videoconferencing,
video transmission, LAN interconnec-
tion, and circuit emulation. The first
segments of this network will be de-
ployed in the cities of Lannion and
Rennes and at several sites in the Paris
region this year. Full-scale commercial
launch is planned for 1995. By then,
about 17,000 kilometers of fiber-optic
lines will be installed in France.

Britain is a special case because it
liberalized its telecommunications in
1991, allowing TV and telephone on
the same network and making invest-
ment in fiber optics profitable for pri-
vate companies. One of the most un-
usual projects involves a company
called Energis, which is owned by the
12 regional electric companies in En-
gland and Wales. Energis is planning a
nationwide fiber-optic network that pig-
gybacks on the power grid. The com-
pany was granted a full telecommuni-
cations operating license last May and
since then has installed 1200 km of
fiber by wrapping it around the wires of
overhead electrical lines. By the spring
of this year, Energis’s services—voice,
data, image, and multimedia—will link
20 of the country’s largest cities and
be available to businesses and residen-
tial customers. By January 1995, En-
ergis will extend the network to all ma-
jor towns in the country.

Germany already has one of the most
extensive fiber-optic networks in the
world. Deutsche Telekom has installed
fiber in about 80 large cities and con-
nected them to each other via fiber.
This is the basis for a network called
VBN (Vermittelandes Breitbandnetz),
which was first launched in February
1989. VBN allows data transfers at up
to 140 Mbps for videoconferencing and
is connected via satellite to interna-
tional videoconferencing networks.

VBN will be the foundation for a
fiber-optic network leading into cus-
tomer homes. One pilot project, BER-
KOM (Berlin Kommunikation), has
already been installed in Berlin for ap-
plications such as telepublishing, tele-
medicine, and city information systems.

In western Germany, the fiber-optic
network will be built up through intro-
duction of broadband communications
services. A pilot ATM project called
Broadband ISDN is scheduled for ear-
ly this year, starting in Berlin, Ham-
burg, and the Bonn/Koln (Cologne) re-
gion. By 1996, the nctwork will be
made available for general use.

Group Effort

The three best-known Pan-European
initiatives are RACE, ESPRIT, and IM-
PACT, all started by the EC (European
Community) in the 1980s. RACE (Re-
search and Development in Advanced
Communication in Europe) is focused
on integrated broadband communica-
tions and image/data communications.
ESPRIT (European Strategic Program
for Research in Information Technolo-
gy) began in 1984 and is now in its third
phase. Its focus is information technol-
ogy, and it includes an Office and Busi-
ness Systems subprogram, slated to run
from 1991 to 1994, that deals with im-
age compression techniques for inter-
active media.

IMPACT 1 (Information Market Pol-
icy Actions) ran from 1988 to 1990: in
December 1991 the EC adopted its suc-
cessor, IMPACT 2, to establish an in-
formation services market in two key
areas: interactive multimedia and geo-
graphical information. At the end of
1993, another effort, Info Euro Access,
was established to develop the Euro-
pean market for information services,
especially those using broadband com-
munications and Euro-ISDN.

Most European ATM networks will
remain pilot projects until the middle of
the 1990s and will likely be used for
business communication afterward.

Bernd Steinbrink is a freelance journalist based
in Oldenburg, Germany. He can be reached
on CompuServe ar 1002773444 or on BIX ¢/o
“editors.”
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Highway Safety: The Key Is Encryption

PAULINA BORSOOK

H ow will information sent over
the data superhighway be kept

A

safe and secure, ensuring privacy 4

for individuals and commercial /
operators? This question is
far from resolved, and it
has provoked heated
controversy about en-
cryption regulations.

Data encryption is
vital because it's the
only way to ensure that
data is kept strictly private—
especially as communication
shifts more and more to wireless

pathways. Other security measures, |

such as requiring passwords or physi-
cally restricting access to a network.
are less reliable. According to Stephen
Crocker, vice president at Trusted In-
formation Systems (Glenwood, MD)
and Internet area director for securi-
ty. encryption implemented in hard-
ware will be able to keep up perfectly
well with gigabit speeds, but hardware
implementations may prove 0o cost-
ly in component prices, space, or pow-
er consumption for inexpensive con-

o been worked out. Yet it's es-
: , sential: To feel comfortable

sumer devices such as set-top boxes or
cellular phones. On the other hand, soft-
ware encryption may not be able to
keep up with very high-speed applica-
tions.

At the level of technology, how to
use encryption routinely has not

using the data highway,
consumers must be
sure that information
about their tastes and
habits is kept private
unless they authorize its
release. Crocker points out
that while DES, the most com-
mon U.S. encryption technology.
has been recertified by NIST (Na-
tional Institute of Standards and Tech-
nology) for another five years, in-
creasingly powerful computers may
soon “have enough brute force to break
yesterday’s code,” meaning the years-
old DES technology.

More secure schemes exist, and
this has led to a new kink to the en-
cryption debate: how law enforce-
ment agencies should deal with vir-
tually uncrackable new public-key
and compound encryption techniques,
such as PGP (Pretty Good Privacy).

These schemes can protect people from
malicious industrial competitors—or
stymie law-enforcement agencies on
the trail of a criminal money-laundering
scheme.

The Clipper chip proposed by the
U.S. government largely for telephone-
based communications uses an encryp-
tion technology that provides a “‘back
door” accessible to government agen-
cies authorized for a wiretap. The pro-
posal has been met with a storm of
legal and technological controversy,
although the government has said it is
considering alternatives.

Despite Clipper, “it’s not a big trick
for criminals to encrypt conversations,”
says Crocker; they can, for instance,
obtain foreign DES products. So un-
less the U.S. government makes Clipper
mandatory on all telecommunications
gear and, in Crocker’s words, “outlaws
stray cryptography”™—two actions it
has repeatedly said it will not take—
there is no reason society’s bad ele-
ments would use products that give law
enforcement a means to entrap them.

San Francisco-based writer Paulina Borsook
wrote about security in the May 1993 issue of
BYTE. She can be reached on the Internet as
loris@well.sf.ca.us or on BIX ¢/o “editors."

branch topology in which the source signal
passes through 30 to 50 cascaded ampli-
fiers before reaching each destination.
Unlike with the switched phone system,
all the nodes in a given area share a com-
mon cable, as on a “shared media access”
LAN such as Ethernet. In theory, with a
contention access scheme like Ethernet’s
CSMA/CD, customers ought to be able to
vie for upstream bandwidth and send mes-
sages to each other or to a server; unfor-
tunately. each drop on the cable produces
electrical noise (i.e., noise ingress), which
is progressively magnified on its way back
up the cascade to the point where it over-
whelms the signal. Even without the noise
problem, the thousands of customers on
each cable segment would rapidly deplete
the available upstream bandwidth.
According to Mario Vecchi, vice pres-
ident of network design and architecture
for Cable Television Laboratories (Cable-
Labs)—the cable industry’s equivalent to
Belicore, the joint research facility of the
60
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RBQOCs—the solution to this problem,
now being implemented by cable provid-
ers, is to reduce the number of amplifiers
in the cascade and the number of drops on
each segment. By pushing fiber further
into a given area, each segment can serve
up to 500 customers, and only 3 or 4 am-
plifiers come between the fiber node and
the user. At the same time, new super
headends connected by SONET rings will
serve 100,000 or more customers. This
standards-based architecture will let cable
systems interconnect more easily with tel-
cos and data services. “Point-to-point links
just to serve our own needs are no longer
possible,” says CableLabs’ Vecchi,
Existing frequencies between 50 MHz
and 750 MHz will be used for downstream
broadcast, while the subsplit frequencies
from 5 MHz to 42 MHz are available for
upstrearn data. At 6 MHz per channel, this
translates into six channels of full upstream
video. or many more subchannels of text or
other data. The local loop will still share

media, and the contention access protocol
hasn’t been determined, although one like-
ly contender is DQDB, which is an IEEE
standard used in MANSs (metropolitan-area
networks).

TCI Technology’s Ravenel says TCI is
implementing a scheme like Vecchi de-
scribes, with an added twist: The company
will actually install two coaxial cables to
each feeder, one of which will be “dark”
until sometime in the future. The primary
wire will be configured with asymmetrical
bandwidth: downstream from 50 MHz to
750 MHz or higher, and upstream in the
subsplit frequencies. Ravenel asserts—
and many agree—that in the near term,
information and consumer services will
be heavily biased in favor of data deliv-
ery. The upstream bandwidth available on
the first cable will be enough to support
voice phones, two-way data, PCS (per-
sonal communications services, the new
wireless spectra that will be auctioned off
by the FCC this year), and video telephony,
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The Tools for New TV

TOM R. HALFHILL

hink of it as the world’s largest

WAN (wide-area network) with the
world’s largest database servers at one
end and the world’s largest number of
clients at the other: That’s the vision for
broadband ITV (interactive TV).

The clients, of course, are ordinary
TV sets, augmented by a new genera-
tion of digital set-top boxes that will
rival the processing power of today’s
PCs and workstations. The servers are
likewise a new breed of computers that
not only have enough storage for vast
libraries of movies, TV shows, and mul-
timedia applications, but also are capa-
bie of feeding that data downstream to
millions of users—in real time, on de-
mand. In between, tying everything to-
gether, is the nationwide broadband net-
work that flawlessly switches all this
traffic while ensuring that every trans-
action is billed to the appropriate user.

The whole system is far larger and
more complex than anything that exists
today. Its nearest relative is the public
telephone system—a low-bandwidth

network that terminates into relatively
simple analog devices and is designed
to deliver communications instead of
content. ITV is so new that critical
pieces of the hardware and software
technologies are still being invented. It
won’t come cheap, it won’t come easy,
and it probably won’t come as quickly as
some people are predicting.

Will it come at all? No question. ITV
definitely isn’t a technology in search
of a solution. In fact, it’s the technology
that’s the problem.

Consider, for example, the servers
that will form the hub of this great net-
work. Most of today’s databases store
relatively simple data (e.g., names and
addresses), and their I/O model is trans-
actional, so minor delays are common
when accessing records. But headend
servers on the ITV network must store
full-motion video, stereo sound, and oth-
er rich data types. These “video servers”
must also achieve real-time or near real-
time throughput, because even brief de-
lays will cause visible glitches on home
TV screens.

Oracle (Redwood Shores, CA), which
hopes to become a key player in this
field, says that most of its current data-

Broadband Interactive TV

Headend video server

Local mass storage
(hard disk array)

L

Near-line storage
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Audio/video/data bit stream
Server

Digital set-top box

RF tuner CPU
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To provide video-on-demand, multimedia encyclopedias, and other new services, ITV networks will need high-
speed servers with vast amounts of mass storage. Material will be stored on digital tapes or optical disks in
automated jukeboxes. When the network receives a user’s request via the upstream backchannel, the server
will retrieve the appropriate file from the jukebox and copy it to a hard disk array, from which the compressed
video will be spooled downstream to the user’s digital set-top box. The box will decode and decompress the

video and then modulate an analog signal for the TV.
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base customers manage 100 to 150 GB
of data. Oracle’s biggest customer, a
credit-history company, has a database
approaching | TB (1024 GB). But the
ITV network of the future will store the
world’s entire movie library, estimated at
65,000 films. Each film requires 1.5 GB
or more of storage when compressed in
MPEG-2 format. That adds up to about
95 TB. Now add all the historical news
footage and popular TV shows that will
eventually be stored, too. And don’t for-
get the other content, such as electronic
catalogs and interactive encyclopedias,
and things yet to be imagined.

The bulk of this material will be ar-
chived in near-line storage: banks of au-
tomated jukeboxes that can mount tape
cartridges or optical disks on the video
server within seconds of a user’s request.
The server will copy the video onto its
local mass storage, probably striping the
data across arrays of hard disks for re-
dundancy and faster access. Then it will
buffer the data in RAM while pumping
it downstream to the user’s set-top box.
Frequently accessed material, such as
the most popular movies and games,
may be permanently maintained on local
storage. Special software will track view-
ing habits, automatically loading /t’s a
Wonderful Life in December.

Consumers will expect the same reli-
ability from the ITV network that they
do from the public phone system, so
video servers will need careful mainte-
nance. An array of 1000 hard disks will
lose an average of one drive per day, ac-
cording to MTBF (mean time between
failure) statistics. Technicians will pa-
trol rooms of servers and jukeboxes, hot-
swapping failed drives on the spot, just
as they used to keep ENIAC running
by constantly replacing blown vacuum
tubes.

If the storage requirements of video
servers seem daunting, the I/O is night-
marish. During peak hours in major
cities, thousands of people may be re-
questing videos. Today’s broadcast mod-
el is synchronous: One “‘copy” of a movie
is sent over cable or the airwaves to a
mass audience, and everyone watches
it at once. Pure video-on-demand is asyn-
chronous: If 5000 people on Saturday
night want to watch the latest hit film,
only a few will punch in their orders at




the same moment. Thus, the server must
stream the same video to thousands of
destinations according to different time
bases, some only seconds apart.

To complicate matters still further, the
video server will provide virtual VCR
functions, such as pause, rewind, fast-
forward, slow motion, and frame ad-
vance. So it has to update thousands of
file pointers to keep pace with frequent-
ly shifting viewing patterns.

What kind of computer can do all this?
“I think ‘computer’ may be the wrong
word,” says Greg Hoberg, marketing
manager of the video communications
division at Hewlett-Packard (Santa Clara,
CA); it’s really an I[/O machine.” Hoberg
says the problem is not computational
and therefore requires an entirely new
approach to hardware design. “We’re
trying to come up with the architecture
that is appropriate to this problem. It’s
a problem of 1/0 and mass storage, not a
problem of MIPS.™

HP’s video server, dubbed the Video
Engine, is expected to be ready in about
a year. Hoberg says it will be a highly
scalable machine that fits into HP’s
vision of numerous servers distributed
across a hierarchical network. Local serv-
ers will supply the most popular videos,
while remote machines that serve many
localities will store less-popular content.
This topology could minimize headend
costs without compromising access.

HP isn’t alone in the scramble to gain
a foothold in the high-stakes video-serv-
er market. IBM and DEC see video serv-
ers as a potential use—even a savior—
for large minicomputers and mainframes.
Microsoft, Intel, AT&T, Silicon Graph-
ics, Motorola, nCube, and Oracle are a
few of the other companies working on
hardware and software. As with anything
new, different approaches are emerging.

Unlike HP. Oracle and nCube (Foster
City, CA) think video servers do need
great computational power. They’re de-
signing servers using nCube’s massive-
ly parallel computers and Hypercube
architecture. In their view, symmetric
multiprocessor systems have too much
hardware overhead and will quickly fall
victim to bus saturation it applied to
large-scale video-on-demand.

To boost the server’s /O bandwidth,
nCube interconnects large numbers of
proprietary microprocessors comparable
to a 386 but optimized for throughput.
Oracle. which is writing the software,

_

says an nCube-based video server with
1024 processors could supply video to
7000 homes. A larger nCube-2 comput-
er supports up to 4096 processors and
could serve 30,000 homes.

“No one knows for sure how these
machines will be used,” says Benjamin
Linder, director of technical marketing
for Oracle’s Media Server project. “So
Oracle is designing a system that’s as
general as possible. We’re trying to cre-
ate servers to act as living libraries on
the data superhighway.”

Linder says that the massively paraliel
approach is overkill for video 1/0, even
on this scale, but nevertheless makes
sense because the server could handle
tasks that otherwise would be shunted
downstream to the user’s set-top box.

This is a key point. New computers
are needed for both ends of the ITV net-
work—clients as well as servers. Digital
set-top boxes are much more than simple
tuners or descramblers, yet their cost
must be driven down to about $300 be-
fore broadband ITV is economical.

Consider what a typical box might
contain. Start with a powerful CPU, such
as a 486, PowerPC, or Mips R4000. Add
1 to 3 MB of RAM,; a high-speed graph-
ics chip for screen overlays and video
games; a display chip: a 1-GHz RF tuner:
a demodulator; an error-correction chip;
an MPEG-II decoder: logic to strip the
audio soundtrack from the incoming
video; a Dolby decoder; two 16-bit audio
D/A converters: a video RGB convert-
er; an RF modulator; an infrared inter-
face for remote control; flash ROM for
the operating system; a security chip to
prevent theft of service; and a switching
power supply.

“People have this interactive TV vi-
sion, but if the set-top box costs $1000,
it’s not going to be worth it.” notes Roger
Kozlowski, vice president and technical
director for the consumer segment of
Motorola (Phoenix, AZ). That’s why Or-
acle and nCube are designing video serv-
ers that can shoulder part of the compu-
tational burden. They seem to be in the
minority, however. Other companies are
betting the set-top technology will be af-
fordable by 1995 or 1996—and it’li be at
least that long before the network intra-
structure is ready to support it.

Tom R. Halfhill is a BYTE senior news editor.
You can reach him on the Internet or BIX at
thalfhill@bix.com.
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which needs 384 Kbps to 1.54 Mbps of
bandwidth, Ravenel says.

TCI’s second cable will be midsplit,
with the “free” portions of 500 MHz of
bandwidth allocated in each direction (the
second, digital-only, unamplified cable is
subject to RF ingress). When activated,
this cable would allow TCI to provide
more than just telephony: It would em-
power subscribers to become originators,
not just consumers, of content—in effect,
to become broadcasters in their own right.
*You’re more likely to be enfranchised as
a user if your cable service allows you to
communicate with other users,” says Alli-
son Mankin, a researcher at the U.S. Naval
Research Laboratory and a cochair of the
IETF’s “IP:next generation™ project.

Cable companies are serious about using
upstream bandwidth to compete with the
RBOCs in local phone access. The top five
cable firms—TCI, Time Warner Cable,
Continental Cablevision, Cox Cable Com-
munications, and Comcast—jointly own
TCG (Teleport Communications Group).
the leading alternative access provider,
which connects local users to interex-
change-carrier POPs. Large corporate cus-
tomers are already contracting with TCG
for primary or backup access from their
phone systems directly to long-distance
carriers. Now cable companies want to of-
fer the same option to smaller businesses
and individuals. Access to the long-dis-
tance network through the cable system
could lower costs for customers and give
RBOCs a run for their money.

Future Networks
A technology that may bring cable and
phone companies even closer together is
ATM, which spans the gap between pack-
et-switched and circuit-switched technol-
ogies by using elements of each. ATM
splits data into small chunks, like a packet
service, but the cells are all of equal size.
Then. instead of routing each cell individ-
ually, ATM sets up a virtual circuit and
streams them across the network. Aside
from its scalability and ultrafast switching
performance (622-Mbps ATM products
are available now), what makes ATM so
attractive for video applications is its abil-
ity to allocate bandwidth on demand and
assign priority levels to cell streams. This
means ATM can guarantec nearly real-
time delivery of digital video data. “ATM
is the right kind of switching technology
for interactive video.” says TCI’s Ravenel.
To test this hypothesis and to push ATM
technology to its limit, Time Warner Cable
is conducting an interactive TV and video-
on-demand trial in Orlando, Florida, to-
gether with AT&T, Silicon Graphics, and
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others (see the text box “The Tools for
New T V™). This trial uses ATM end-to-
end, from the massive video servers at the
back end to the set-top boxes in subscriber
homes. It’s a costlier solution than TCI or
Pac Bell is trying, but it may be more for-
ward-looking. Ravenel says he’s not sure
ATM to the home is necessary but he’s
grateful to Time Warner for trying it out.

Some are even less certain about ATM,
cautioning that it has been overhyped. This
view is particularly found in the Internet
community, which tends to be skeptical
about one-solution-fits-all tech-
nologies. “We don’t have to have
a single, universal architec-
ture,” says Tony Rutkow-
ski, an Internet pioneer
and director of tech-
nology assessment
at Sprint. “It’s non- (
sense to think that
everything will run
over ATM.”

Craig Partridge, a senior
scientist at Bolt Beranek and
Newman (BBN) and author of
Gigabit Networking (Addison-Wes-
ley, 1994), says that although enter-
prise ATM switches from Fore Systems
and Lightstream (a joint venture of Unger-
mann-Bass and BBN) can deliver their rat-
ed 155-Mbps speeds, some high-end 622-
Mbps switches have failed from a lack of
adequate flow control. “ATM switches are
really designed for steady, not bursty, traf-
fic. But data communications is bursty, so
they drop bits all over the floor,” he says.

ATM also doesn’t now support multi-
casting, which means that all transactions
are point-to-point. This could prove very
inefficient for broadcast video content,
such as live news or sports events, when
millions of users are watching the same
source and don’t need to be individually
addressed. Still, cable and telco executives
almost unanimously conclude that ATM
will be a vital backbone technology for
the data highway, weaving together the
cable, telco, and data service providers.

Linking with Content
Another problem that both cable compa-
nies and telcos confront in promoting their
visions of the data highway is that neither
owns meaningful data content. The cable
companies bring to the party lots of enter-
tainment properties and Hollywood rela-
tionships, but these are a far cry from busi-
ness-oriented information sources such as
demographic databases or parts catalogs.
To gain access to this information, cable
and phone companies are forging links
with on-line services. In late 1993, Com-
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cast and Viacom announced they would
test delivery of Prodigy and America On-
Line over cable systems in Castro Valley,
California, and elsewhere. Continental Ca-
blevision began a trial last December in
Exeter, New Hampshire, that lets some
home and business cable customers con-
nect directly to CompuServe; and in early
1994, Continental will offer cable sub-
scribers in Cambridge, Massachusetts, a
direct link to Performance Systems Inter-
national, or PSI (Herndon, VA), a leading
commercial Internet provider.

For all these arrangements, cus-
tomers hook up an RF modem to
their cable and from there con-
nect to a PC, Mac, work-
station, or network. The
result of using broad-
band coaxial cable
instead of twisted-
pair copper for data
delivery is a thou-
sand-fold increase in
speed. Says Daniel F. Ak-
erson, chairman and CEO of
set-top box maker General In-
strument, ““A high-resolution image
that now takes 15 minutes to down-
load over a conventional modem will be
accessible within a few seconds.”

Zenith Electronics (Glenview, IL) makes
one such interface, called HomeWorks,
that sells for $495 and consists of an ex-
ternal cable modem (with Ethernet out-
put) and a PC bus card. HomeWorks is
being used for the Continental/Compu-
Serve trial in Exeter, and Zenith is also
partnering with Spry (Seattle, WA) to pro-
mote cable-based Internet access via Spry’s
Air Navigator, a $149 Windows-based
software package.

DEC is getting into the act with Chan-
nelWorks, a bridge that permits inter-
connection of Ethernet LANs over CATV
systems, supporting 10-Mbps speeds at
distances of up to 70 miles. According to
a Datapro Information Services report,
“Data over CATV,” DEC has partnered
with TCI, Continental Cablevision, Times
Mirror Cable, and others, and is targeting
ChannelWorks at businesses, hospitals,
state and local governments, and educa-
tional institutions. Both the DEC and Ze-
nith medems require two-way cable sys-
tems and support symmetrical data rates.

Start-up Hybrid Networks (Mountain
View, CA) is taking a different approach
with an asymmetrical architecture that uses
both cable and phone lines. Its product
uses RF modem technology for 10-Mbps
downstream data over subsplit frequen-
cies and sends return data over convention-
al phone lines at 9600 bps to 19.2 Kbps.

»
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Hybrid has also demonstrated upstream
communications over ISDN, using 2B
channels, or 128 Kbps. President Howard
Strachman notes that only 15 percent of
U.S. cable systems are now two-way, and
of those, most suffer noise ingress that
makes provision of even a single 6-MHz
upstream channel nearly impossible. Hy-
brid’s product will thus serve the millions
of users lacking advanced cable service.

But looking forward to the time when
fiber nodes move closer to end users, Hy-
brid is also working with Intel and Gener-
al Instrument on a device that communi-
cates in both directions over cable. This
two-way RF modem, slated to be used for
the Viacom and Comcast trials this year,
will be implemented on a PC add-in card,
not in an external unit like HomeWorks.
Strachman says the specifications for the
final card aren’t set but could include
NTSC-to-VGA conversion; if so, he says,
asingle board would “cable-enable™ a PC
for both video reception and data 1/0. Al-

" though the initial product is for the ISA

bus, future versions could support other
1/0 buses or PCI (Peripheral Component
Interconnect) or could be built directly into
a set-top box.

Services such as CompuServe and Prod-
igy were designed around the presump-
tion of scarce bandwidth, but with con-
nection rates orders of magnitude higher,
they will be able to offer richly detailed
multimedia user interfaces and new capa-
bilities such as interactive imaging, store-
and-forward audio and video communi-
cation, and “rentals” of massive data sets.
“Some believe that a good part of the re-
quired transport infrastructure {for the data
highway] already exists in the cable plant,”
says Datapro analyst Lance Lindstrom. By
adding support for data communications,
he says, cable companies can leverage their
bandwidth advantage over the telcos and
assume the role they see for themselves
as “important contributors” in building the
information highway.

The Data Web

People often confuse the Internet’s physi-
cal structure—its web of T3 trunks linking
IBM RS/6000-based routers and its vari-
ous dial-up and dedicated access lines and
services—with its true identity: a set of
software protocols and tools, thousands of
open data servers, a community of more
than 20 million users, and a process for
engineering upgrades. But in theory, this
identity could be divorced from today’s
Internet hardware and the “Net” would
still exist; indeed, if the data highway turns
into a melding of cable and telco infra-
structures, the Internet could live on as a
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To explore methods for synchronizing massive distributed
simulations running on supercomputers hundreds of miles apart.

Technical ~ Uses 2.4-Gbps channels from MCI to link the computer labs of m
details the other participants. The switches are configured for both

standard ATM and an alternative known as PTM (Packet Transfer

Mode).
Goals To test the differences between the switching schemes and to

explore the implications of hooking up a data firehose to a Technical

desktop workstation. details
Comments To hand!e these blistering interface speeds, future desktop

computers will need specialized |/0 controllers with DMA and

direct access to video, as well as operating-system Goals

improvements to greatly reduce context-switching time.

Comments

NECTAR

Participants Carnegie Mellon University, Bellcore, Bell Atiantic, and the

Pittsburgh Supercomputing Center.

Even at gigabit speeds, the propagation delay introduced by
networking throws off these applications, which concern
problems such as modeling the global climate system.

BLANCA

Participants Lawrence Berkeley Lab, NCSA, University of California-Berkeley,

Technical  Uses ATM as an intermediate layer between SONET backbone
detalils links and HIPPI interfaces on the computers.
Goals Scalability; to link gigabit LANs and WANSs to one another and to
supercomputers. To overcome current 1/0 bottlenecks and to
develop a dedicated network coprocessor to offoad protocol Technical
handling from system bus. details
Comments  Adding a new computer to the network only requires connecting it Goals
to the ATM switch, whereas the Casa network needs a direct Comments

set of services and standards.

SONET line between every pair of communicating computers,
Nectar's approach is much closer to the architecture that will be
used to link homes and businesses to the data superhighway.
Since most people will want to make connections with many
different computers in a day, they'li require the flexibility of a
switched network. But point-to-point, switchless approaches like
Casa’s could be used to establish permanent links between a
small number of sites, such as when a company connects
computers in neighboring plants.

University of lllinois, University of Wisconsin, AT&T, Ameritech,
Astronautics, Bell Atlantic, and Pacific Bell.

The test-bed links local FDDI (Fiber Distributed Data Interface)
LANs with SONET-based ATM switches.

To study how voice, data, and video flow in networks.

Voice is at once more forgiving and more demanding than regular
data. People using a phone won't even notice if one packet
containing a microsecond of conversation is lost; the ear and
brain fill in the gap. However, a long pause is unacceptable. Data
connections, on the other hand, are time-insensitive but cannot
tolerate even a single lost packet, From a user standpoint,
delayed data means sluggish performance, but not gibberish. Put
another way, voice traffic is predictable and steady, whereas data
communications occur in unpredictable bursts that can overflow
switch buffers designed for voice traffic.

i

Whether you connect to the data high-
way by copper, coaxial cable, fiber, or ra-
dio, the key unanswered questions are how
you will interact with the giant network
and what you will find there. Being linked
to everybody and everything in the world
won’t do much good if you can’t use the
system or locate services you need—or if
there’s no data on-line that you care about.

This is where the Internet comes in. Un-
like experimental networks such as Time
Warner’s ATM trial in Orlando, the Inter-
net is in place today, running the battle-
tested TCP/IP protocol, offering global re-
mote log-in and file transfer (telnet and
ftp, respectively) to and from thousands
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of data servers, and supporting public do-
main networking standards such as SNMP,
SMTP, and SLIP. To help users navigate
this vast, interconnected mesh, the Internet
community has created innovative search-
ing and indexing schemes, such as Go-
pher, Archie, WAIS, and the hypertextual
World Wide Web.

The physical Internet is quickly evolv-
ing: According to Steven Wolff, director of
the networking division of the NSF (Na-
tional Science Foundation), which over-
sees the Internet’s core, “the NSFnet back-
bone is going away” in the next few years,
to be replaced by a combination of linked
commercial subnetworks and a restricted-
access research backbone. One immedi-

ate effect of this is that the Acceptable Use
Policy, which prohibited commercial data
traffic across the NSFnet, will become
even more moot than it already is.
Instead of providing universities and
public institutions with free access to a
government-sponsored network, Wolff
says, the government will get out of the
network business and offer these users
vouchers or grants to buy access to com-
mercial Internet providers. There are now
nearly 50 of these regional mid-level net-
work providers in North America (includ-
ing PSInet, BARRnet, CERFnet, NEAR-
net, and NYSERnet), most linked under
an umbrella called CIX, or the Commercial
Internet Exchange. Many may merge or
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Commercially Funded Pilot Projects

(The National Information Infrastructure Testbed)

Participants AT&T, Department of Energy, DEC, Eflery Systems, Essential

(The Cross-Industry Working Team)
Participants Apple Computer, AT&T, Bellcore, Bell South, CableLabs, Citicorp,

Communications, Hewlett-Packard, Network Systems, Novell,
Ohio State University, Oregon State University, Pacific Bell,
Sandia Labs, Smithsonian, Sprint, Sun Microsystems, SynOptics,
UC-Berkeley, University of New Hampshire.

Technical ~ Prototyping data-highway concepts using the Internet, FDDI,

details frame relay, and ATM.

Goals To create real-world demonstration projects using currently
available products.

Comments  The first test, called Earth Data Sciences, distributed

environmental data over disparate systems in a collaborative
multimedia framework. The second test will be on medical

Goals

DEC, GTE, Hewlett-Packard, IBM, Intel, MCI, McCaw Cellular,
Motorola, Nynex, Pacific Bell, Silicon Graphics, Southwestern
Bell, Sun Microsystems, and others.

To hammer out technical issues involved in bringing gigabit
technology to homes and business desktops. XIWT has four
working groups—architecture, services, portability, and
applications—and has assigned each to examine pertinent
issues and produce white papers. XIWT's overall goals for the
data highway are that it be ubiquitous, affordable, flexible, and
easy to use.

imaging.

Participants 3Com; Hewlett-Packard; Pacific Bell; Silicon Graphics; Network
General; Stanford University; Regis McKenna; Mohr, Davidow

Ventures; and others
Goals

applications development

be acquired by telcos, cable companies,
or on-line service providers. “We won’t
be buying our bandwidth from pcople like
CERFnet and PSI 20 years from now,”
predicts Nocl Chiappa, a member of the
IETF and an independent networking re-
searcher based in Vermont.

To carry forward the Internet’s original
mandate as a research tool, the govern-
ment will creatc @ new backbone under
the auspices of the 1991 NREN (National
Rescarch and Education Network) Act,
which was sponsored in Congress by then-
Senator Al Gore. This new backbone will
operatc at speeds of 155 Mbps (OC-3) and
will not carry routine mail or file-transfer
traffic; it will exist, suys Wollt, to support
rescarch on protocols, RPCs (remote pro-
cedure calls), large file transfers, and oth-
er advanced applications. NSF is also co-
funding rescarch on even higher-speed net-
working via so-called Gigabit Testbeds.

As the Internet’s backbone is changing,
so are its on-ramps. Programs such as Con-
tinental Cablevision’s link to PSI are open-
ing up the Internet to a new class of users
and bringing it into the same devices peo-
ple will use to view videos or make phone
calls. Thus, distinctions among these ser-
vices will blur. The thousands of Internet
data servers and news groups, offering vir-
tual community and free information rang-
ing from government statistics to satellite
images to crop studies, will be available
from your office or living room through
the same user interface you use to conduct
a videoconference or order a pizza.

One myjor problem that could hold back
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To promote the development of the data superhighway through
brokering public and private partnerships and by supporting

Goals

growth of the Internet as a commercial
venue is that no provisions exist today for
usage-based billing. If you log into a serv-
er with anonymous ftp, nobody charges
you (by access time, packets downloaded,
records passed, or some other scheme) for
the data that you obtain. By comparison,
proprietary on-line services such as Com-
puServe were designed from the begin-
ning to track usage.

“The thought of billing is a nightmare to
90 percent of the providers on the Inter-
net,” says Susan Estrada, former managing
director of CERFnet and now president of
start-up Aldea (Carlsbad, CA). Unlike com-
mercial services, she adds, many Internet
nodes, such as government servers, are re-
quired to publish their data at no charge.

Some people also bemoan the inevitable
change that expansion of the Internet will
wreak on its unique subculture. Says Dave
Farber, an Internet founder and professor
at the University of Pennsylvania (Phila-
delphia): “Internet people believe in free
goods to everybody: Give each user a straw
and let him sip on the pool of wisdom.”
If Internet access is no longer free and us-
ers have to pay to download data sources,
the Internet will lose its communal spirit.

Protocol Quandary

Aside from its highly evolved tools and
wealth of data sources, the Internet’s great-
est contribution to the data highway may
be the TCP/IP protocol. But this is debat-
able, because TCP/IP wasn’t originally
designed for real-time data delivery, which
is necessary to support any meaningful

COLLABORATORY ON
INFORMATION INFRASTRUCTURE

Participants Bellcore, all the regional Bell operating companies, Capital
Cities/ABC, DEC, Hewlett-Packard, JCPenney, Los Alamos
National Laboratory, MIT Media Lab, Microware Systems,
Northern Telecom, WilTel

To find solutions to practical problems such as user interface
and network navigation

volume of audio or video traffic. “Its op-
timal use is to hang together a great many
apps, nets, and operating systems around
the world.” says Sprint’s Rutkowski.
TCP/IP is a routed, connectionless, data-
gram (or packet) protocol, which means
it divides network traffic into unequally
sized, individually addressed chunks that
are routed through the network over a dy-
namically assigned path. (The Internet uses
several algorithms to determine the best
route at any given time.) This is analogous
to sending a friend a postcard every day
for a month: The cards may arrive out of
order or take different routes to get there,
but the friend can sort them out at the oth-
er end. By contrast, connection-oriented
schemes, such as voice telephony or ATM,
establish a circuit between the source and
destination and send all signals or pack-
ets in sequence along the same path. Each
approach has its strengths and weaknesses.
TCP/IP’s greatest competitor—if, in-
deed. they must be at odds rather than com-
plementary—is ATM. But ATM spans
different levels of the network stack. in-
cluding link-layer specifications that are
out of TCP/IP’s purview, and not including
TCP/IP’s “reliable™ layer, which ensures
end-to-end error checking. An IETF group
is working to implement IP over ATM (this
requires splitting IP’s variable-length pack-
ets over ATM’s fixed-length cells and then
reassembling them on the other side), on
the premise that [P can and should remain
an internetworking standard even if the
underlying transport changes from a con-
nectionless datagram to cell switching.

continued
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“ZyXEL modems are now among the best performers” — PC Magazine

Leading publications are continuing to
recognize. rave about and award the many smart
performance features that make ZyXEL the
industry leader. And why shouldn’t they? Our
Ultra High Speed Modems fit a wide range of
configurations, giving you more Intelligent
Features that save you time and money.

“ZyXEL modems are loaded with
features, they comprise a virtual
treasure box of surprises.” —
Boardwatch Magazine

The ZyXEL U-Series offers Intelligent Features to
ensure speed, reliability and true “‘plug-and-play”
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operating ease. Our new VoiceFax Software* and
two-way fax ability lets you send and receive voice
mail from remote locations. Our Rackmount and
NMS give you simultaneous control of hundreds of
sites. And, if you’re on the go, our New U-1496P
Portable Modem/Fax offers cellular capability
and portability.

“Some modems are good. Some modems are
fast. ZyXEL modems are good

o and fast.”

,'_: — Computer Shopper

~  The ZyXEL PLUS Series gives you up

to 19.2 Kbps, with DTE speeds of

up to 76.8 Kbps in modems that come with a 5-

year warranty** and will soon be upgradable to
V.Fast Advantage.***
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The Intelligent Modem

NetWare

“ZyXEL modems scored a three-way tie for
best two-way communications modem.”
-BYTE
;@ Out of the 62 modems tested,
oS ZyXEL was honored by PC
Magazine as one of only three

modems proving 100% reliable connections.

Also, ZyXEL modems are compatible with
most other modems and operate in both
synchronous and asynchronous modes as well
as in all environments; DOS™ Windows®
0S/2® Macintosh® UNIX® NeXT® and
Amiga™ And, with V.25bis for synchronous
communications, ZyXEL is compatible with
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know. Call ZyXEL. A Wise Investment.
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(800) 255-4101

To find out more about the

g U-1496P

PORTABLE WITH CELLULAR
call your ZyXEL
sales representative today!

CMP

|
f(IH:\.\'\'l".L‘\
AT E

Circle 177 on Inquiry Card (RESELLERS: 178).
4920 E. La Palma Avenue, Anaheim, CA 92807 (714) 693-0808 BBS: (714) 693-0762 FAX: (714) 693-8811

*Available with Windows,® DOS.™ and Macintosh® versions. **2-year warranty for Rackmount models. ***V Fast upgrade price depends upon the model
This offer is valid in USA and Canada only. ****Auto Data/Fax/Voice detection available on DOS version, Window/Mac version available with Auto
Fax/Voice detection. Prices and specifications are subject to change without prior notice. All trademarks and logos are the property of their respective owners.

June 29, 1983
ZyXEL U-1496 PLUS

EMPFEHLUNG
DER
REDAKTION

February 1993
ZyXEL U-1496E PLUS

Eeoer
GS REPORT

7.No. 7 “The ZyXEL U-1
PLUS costs less than many
V.32bis modems that it outperforms

JULY 1993

v d |

BEST VALUE

[HIGH-SPEED __|

[MODEM |
ZyXEL U-1496E PLUS

JULY 1993

ZyXEL U-1496E

=8

July 1993, ZyXEL U-1496E PLUS
ZyXEL U-1486 PLUS
Top 10 List

p | i
{\ WAROWARE ,."

(=

June 1893
ZyXEL U-1496=

yXEL modem is
cross. the board.”

Data Comm

MAGATINE

Top

ZyXEL U-1496 PLUS

BOARDWATCH

A GAZINE

November 1992
ZyXEL U-1496
ZyXEL U-1496E

sgeeee

Winter 1992 ZyXEL U-1
Awarded 5 NextWORLD Cubes




Cover Story

But if ATM does so well with video and
other real-time data, why muck around
with TCP/IP at all for the data highway?
The answer is heterogeneity, says Scott
Bradner of the Harvard University Office
of Information Technology, and cochair
of the IETF’s IPng committee. “Just be-
cause a large chunk of the network of the
future will be running over ATM doesn’t
mean it will all be,” he says.

TCP/IP is widely supported in applica-
tions and routers and is unmatched in uni-
versality and reliability-—significant ad-
vantages in building the information infra-
structure. It has also been upgraded in
recent years, through the efforts of
the IETF, to support multicast-
ing, or one-to-many packet
broadcasting, which ATM
does not support. Mul-
ticasting reduces the
burden on routers
by mapping packets (
into predefined dis-
tribution groups.

Among other things,
multicasting is now used to
distribute live digital video of
IETF meetings across the Inter-
net through a program called the
Multimedia Backbone, or M-Bone. The
program demonstrates a potential use for
the Internet, but it’s a far cry from the ar-
chitecture required for widespread video-
on-demand or video telephony. “The way
they do M-Bone now is to shoot the pack-
ets through the net and pray for the best,”
says CableLabs’ Vecchi.

Despite its shortcomings, M-Bone’s real
significance is symbolic: The Internet’s
ability to grow and adapt to changing re-
quirements should never be underestimat-
ed. A case in point is the current effort to
expand the IP address space. Concern that
the explosive growth in Internet use would
exhaust the remaining IP addresses has
prompted a creative two-pronged effort to
plan for the future. If the efforts of the
IPng task force are successful, there will be
enough IP addresses to give one to every
computer, telephone, fax machine, and set-
top box in the world, with billions more
to spare.

The IP address field is now specified at
32 bits, which theoretically ought to permit
4 billion addresses. But when the Internet
was set up, addresses were divided into
three classes based on the size of the at-
tached network, and now there is a short-
age of the most popular (Class B) type.
The first step to combat the address crunch
is to eliminate classes with new technolo-
gy called CIDR (Classless Inter-Domain
Routing). Coupled with more aggressive
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efforts to reclaim unused blocks of ad-
dresses, this may buy the Internet as many
as five to 10 years of breathing room, de-
pending on growth rates, says network re-
searcher Chiappa.

For the longer term, the IPng will con-
sider proposals to modify IP to support at
least 1 billion networks and 1 trillion
nodes. Three proposals have been formu-
lated so far, but contenders could still
emerge or drop out; all three proposals in-
clude 64-bit address fields (allowing es-
sentially unlimited addresses) and tackle
the problem of auto-configuration, or how
to support mobile devices that join and
leave the network at will. The IPng
may also examine schemes for
adding resource allocation
and pseudo-guaranteed
packet delivery (a “good
enough” solution) to
> better support video

) over TCP/IP.

The purpose of all
these efforts is to en-
sure TCP/IP’s position
as the universal internet-

working protocol of the data
highway. This doesn’t mean it
will be adopted tomorrow by makers
of set-top boxes and cellular phones;
most of these devices will remain analog
for some time, and those that are digital
could use proprietary protocols on top of
ISDN or ATM. But TCP/IP protocol stacks
may show up in some unusual places, such
as plug-and-play “cable-enabled” PCs.

IP could also face competition from ex-
perimental “lightweight” protocols, such as
XTP or HighSpeed Transport Protocol,
that are designed to reduce switching over-
head on the backbone. TCP/IP was written
to cope with an older, more unreliable net-
work infrastructure, and it places heavy
emphasis on error control and retransmis-
sion, says William Stallings of Comp-
Comm Consulting (Brewster, MA). In the
context of a fiber infrastructure running
fast transports like ATM, IP may be too
“muscle-bound to cope,” he says.

According to Stallings, XTP establish-
es connections more efficiently than TCP/
IP, supports different priority levels and
multicasting, offers greater flexibility in
checksums, and is the only protocol that
permits selective retransmission of missing
packets. By combining functions of TCP
and IP into a single, streamlined protocol,
XTP manages to be both reliable and fast,
he says.

A Window Seat
What will be your view onto the data high-
way? This is the ultimate client-side bat-

tleground, pitting against one another com-
panies that pride themselves on their user-
interface design skills, such as Apple, Mi-
crosoft, and General Magic, as well as
makers of devices ranging from palmtops
to smart TVs. In all likelihood, no single
user interface will prevail, but standards
have to be developed so that set-top boxes
are interchangeable among different de-
livery systems and software applications
run the same around the country.

Microsoft aims to be a major player in
defining the user interface for interactive
services, whether delivered over cable or
wireless, onto desktop PCs or TVs. Its
first-generation product, Modular Win-
dows, derived from the same API as Win-
16 (and was promoted to developers as an
easy way to leverage multimedia PC de-
velopment onto TV-like devices), but it
fizzled after being adopted only by Tandy
for its VIS player. Microsoft is trying again
with new non-Windows technologies, due
to appear in pilots and trials this year, says
Craig Mundie, vice president of advanced
consumer technologies at Microsoft.

These consumer technologies—a sepa-
rate initiative from the Microsoft At Work
environment for office equipment slated
to be rolled out this year—will cover the
gamut from back-end servers through
broadband networking to end-user prod-
ucts, Mundie says. “Our public position
now is that we don’t intend to use the Win-
dows user interface for consumer devices.”

Windows will play a key role as a por-
tal to the data highway. For example, the
new Internet-In-A-Box from O’Reilly &
Associates (Sebastopol, CA) runs under
Windows, providing a TCP/IP stack, au-
tomatic network registration, Internet ser-
vices, and navigation tools. This product
and other Windows-based interfaces to
on-line services (i.e., CompuServe Navi-
gator or the America On-Line front end)
will operate in conventional set-ups such as
a desktop or notebook PC connected via
the phone system, or in emerging schemes
such as PCs connected via RF modems
through the cable system.

For radically different devices, such as
PDAs or set-top boxes, different interfaces
will be created. Apple has already invest-
ed heavily in the Newton, which, with the
addition of needed communications capa-
bilities, could become a hand-held data
highway navigator. General Magic’s Mag-
ic Cap interface, slated for use in devices
from Motorola, Sony, Philips, and Mat-
sushita, may also show up under the name
MagicTV in set-top boxes. Silicon Graph-
ics is carrying its Indigo Magic media in-
terface from the Indy desktop into the set-
top boxes that it is designing for the Time
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(Reston, VA), formerly TV An-
swer, has spent more than five
years developing and testing a
user interface for its interactive
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providing universal access to the
data highway (i.e., through pub-
lic centers offering subsidized
accounts), or whether new pub-

s

TV system, which will be de-
signed into a set-top box from
Hewlett-Packard.

To make these environments
truly useful to users, software
tools have to run deeper than just
the surface of the screen. For in-
stance, support for General Mag-
ic’s Telescript communications
language is built into Magic Cap,
which means that when the user
selects services by pointing at
screen icons, smart agents are
automatically dispatched across
the network to obtain those ser-
vices. Similar capabilities can be
imagined for any of the set-top
box interfaces, which will offer
home and business users a kick-
off point for cruising the data
highway.

One of the finest examples of

GNN Home Page

The Global Metwark N avigator (GNN), aninternet-tased Information Center, is a
production of O°Reilly & Associates, Inc e an application of the World Wide Web,

Weboms New Navigabors! 1f you are new, pleass tak a minute to learn more about
GNN.

Tosubscribe2o GNN: [ GET | ths onlin= ragstration form

[CGo_]to downivad weopy of the GNN Home Page.

COFYRIGHT 1992 G'Reilly & Associates. Ine

lic institutions should be estab-
lished for granting access. While
the latter approach would spare
colleges and libraries a burden, it
could also “siphon money away
[from them],” she adds.

The cable and telco business-
es are racing so far ahead of reg-
ulators, judges, and legislators
that their wish to invade each
other’s territories may be grant-
ed before proper protections are
in place for the public. But if the
information highway is to fulfill
the grand civic vision outlined
for it by President Clinton, the
government must set in stone
rules that carry forth the spirit,
if not the substance, of the 1934
Communications Act that bound
Ma Bell to be a common carrier
and provide universal service.

data highway middleware is Mo-
saic, developed at the National

This is a svarchuble (ndex. Enter search keywords: [

RBOCs can’t be left to carry that
! burden alone while the cable

Center for Supercomputing Ap- =3
plications in Illinois. Mosaic runs

Back] “orwicd| Home| Refoad| Open..| Seve4s..| Clone| New Window| Close Window]

companies and alternative carri-
ers skim off the best customers.

under Windows, the X Window

System, and the Mac, acting as a 0'Reilly & Associates’ Interet-In-A-Box makes use of the Mosaic data browser,
developed at the National Center for Supercomputing Applications.

client-side browser for World
Wide Web servers on the Inter-
net. The software makes visible and easi-
ly navigable the hypertext links implicit
in the World Wide Web. Thus, you could
click on an icon to learn about northwest-
ern conifers and get connected to a server
in Vancouver, and then hop a link in pur-
suit of details on pinecones and be trans-
parently logged into a server in Osla. “Mo-
saic is the most intuitive, user-friendly,
attractive user interface I've ever seen.”
says Sprint’s Rutkowski. “It’s the Inter-
net’s killer app.”

Learning to best exploit these tools will
be a major challenge facing businesses in
the era of the data highway. “Information
access is going to be a commodity.” says
Joe Correira, vice president of applied tech-
nology for The Travelers insurance com-
pany (Hartford, CT). “Everyone will have
access to the information, [but] those with
the experience will profit from the infor-
mation.”

Haves and Have-Nots

All these snazzy devices and rich tools
will be meaningless to average citizens if
accessing the data highway is too expen-
sive or difficult. If proper precautions are
not taken, the highway could become the
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province of the educated and economical-
ly privileged, dragging the U.S. even far-
ther toward being a land of information
haves and have-nots.

Lowering regulatory barriers between
telcos and cable companies, and the rise
of yet more gigantic media empires to fill
the wires with content-for-hire, could lead
to fierce competition over services and
prices—or to new monopolies. Will all
citizens be guaranteed access to the na-
tional information infrastructure? San Fran-
cisco consultant Evelyn Pine, former man-
aging director of Computer Professionals
for Social Responsibility, says that “people
take phone service for granted,” where
“universal service has brought about great
economic and political advantages.” But,
she says, “it’s hard to visualize universal
[computer] access that’s not a high-priced
solution.” Paying $17 per month for ser-
vice (an amount more in line with the cost
aof discretionary cable than with basic life-
line phone service) may seem like peanuts
to people in the computer business, but it
could be a burden for those with lower in-
comes, she notes.

Pine also poses the question whether
cash-starved libraries and community col-

Perhaps the best solution is one
currently floating around Wash-
ington: to create a public trust
fund into which all providers pay
and frem which subsidies are drawn.

Like the transcontinental railroads and
interstate freeways, the data highway will
profoundly alter society—perhaps in ways
we can’t even anticipate today. No mat-
ter who controls the wires or airwaves that
reach into homes and businesses in the
U.S. and around the world, major techni-
cal, legal, and economic challenges remain
before the data highway is as unremarkable
as telephones and TVs. But when these
hurdles are surmounted, enormous oppor-
tunities will be unleashed for all providers
and consumers of information. Vice Pres-
ident Gore put it most succinctly: “Better
communication has almost always led to
greater freedom and greater economic
growth.” B

CONTRIBUTORS

Senior news editor Tom Halfhill, news ed-
itor Ed Perratore, news editor Dave An-
drews, consulting editor Peter Wayner,
and freelancer Frank Hayes provided ad-
ditional reporting for this story.

Andy Reinhardt is BYTE's West Coast bureau chief.
He can be reached on MCI Mail at 536-9124 or on
the Internet or BIX at areinhardt@bix.com.
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Every Nanao
monitor undergoes
intense scrutiny

and testing to
‘ ensure Maximum
L performance
( and product

— reliability.

Nanao T Series and F Series monitors
have captured every major award from
the industry’s leading publications.
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Our monitor family teams ultra high
resolution with a list of impressive

technical specifications.
NANAO USA CORPORATION
23538 Telo Avenue, Torrance, CA 90505
(310) 325-5202 Fax: (310) 530-1679
*Expives 3/31/94, Cash back varies with model. Ask your reseller for details. Superior in every detail is a regi: d trade k of Nanao Corp

Superior
In Ever

Detail.

At Nanao, details make all the difference in
creating our family of professional display moni-
tors. Erom the product design and manufacturing

that takes place in our factory to the end user’s
working environment, Nanao pays attention to
every detail. In engineering. Assembly. Product
testing. Quality control. Shipping. Custormer
support. From the very first days of the comparny,
we set out to be an mnovator in monitor technol-
ogy. And, in a few short years, we have achieved
that goal. Today, Nanao has the lowest repair
rate in the monitor industry, the highest product
reliability, and a fast-growing mumber of
enthusiastic customers. So if you're looking for a
superior moritor, start with the details. We do.

1-800-800-5202

NANAO

Narnao monitors
_ feature protective
. coatings
and
panels
that
redice
glare and
eliminate
static electricity.
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Nanao 1was the

Zﬁi first imonitor

EPA POLLUTION PREVENTER company to join

in partnership
with the EPA Energy Star Program.

A heritage
of precisian
craftsmanship
and attention

to detail has been
designed into Nanao’s
family of display monitors.
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Q+E Database Library
by Q+E Software

Q+E Database Library 2.0 streamlines
DBMS-independent applications develop-
ment by providing transparent access to
major SQL and PC DBMS from user’s
desktops with automatic support for
ODBC & IDAPI. QELIB2 works with exist-
ing development tools and is simply the
best way to add complete DBMS access to applications today
and tomorrow!

List: $699

Ours: $475 FAXcetera #: 2625-0002

WindowsMAKER "2y,
Professional 5.0
by Blue Sky Software

Next generation of the most powerful
C/C++ Code Generator and Prototyper for
Windows 3.1, NT & Win32s. The fastest
way to create full-featured Windows apps.
This product stands out, does every-
thing—even a toolbar can be created with
1 click! Test run your design, make changes interactively. gen-
eraic code for muitiple platforms—ANSI C, MFC, OWL. etc,;
widest compiler support in industry. TrueCode technology—
user code is 100% preserved. Highly recommended!

List: $1096 Ours: $875 FAXcetera #: 2602-0003
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NT DOS-Extender 6.0
by Phar Lap Software

ET NT power under 32-bit DOS!
licrosoft Visual C++ 32-bit Edition and
Phar Lap TNT now brings Windows NT
ower to DOS! Phar Lap's new TNT DOS-
ender lets you break the 640K DOS
tier, build multi-megabyte DOS appli-
cations and take advantage of powerful
features. including threads, DLLs and multitasking!

st: $495 Ours: $420 FAXcetera #: 1490-0009

T

PRODUCY OF THE MONTH

Borland C++ 4.0
Borland International

New Borland C++ 4.0 is visual, and

that's just the beginning. Only

Borland C++ has true C++ support

with exceptions, templates and the

easiest, most powerful suite of object-orienzed tools available
today. With full support for DOS. Windows, Win32s and NT, it's
the C++ Development System you've got to have.

List: $499 Ours: $329

List: $199 Ours: $189
1861-0016

Upgrade
FAXcetera #:

c-tree Plus®
by FairCom

DOS » WINDOWS ¢ NT » UNIX » OS2 « SUN
¢ RS6000 = HP9000 « MAC  QNX o
BANYAN e« SCO. This well known, highly
portable data management package has
become established as the tool of choice for
commercial development. Offering unprece-
dented data control, programmers may
choose from direct low level access, ISAM level convenience, or
SQL access with the FairCom Server. Single User, MultiUser, or
Client/Server. ANSI Standard.

List: $595 Ours: $505 FAXcetera #: 1381-0008
Call Programmer’s Paradise® Italia for special pricing in Europe.

FAIRCONM®

since 1979

~-Super Project® 3.0
Windows & 0S/2

mpetitive Upgrade
omputer Associates

SuperProject brings to managers at
evels, a complete set of project man-
ement and presentation tools,
signed to work easily and effectively in
eal world. Whether you need to create a simple schedule
produce a Gantt chart for the weekly status meeting, or
ment intensive cross-project resource leveling and priority
eduling, CA-SuperProject works the way you work—with
e, power and flexibility.

ap. Upgrade List: $149
cetera #: 1004-0009

Ours: $109

o " Network C Library %%
'~ by Automation Software R0,
Consultants, Inc. %o ¥

The most comprehensive library available
for NetWare software development. support-
ing all versions of advanced NetWare. Over
450 C functions, include any features from
the NetWare command line utilities and
menu utilities in your C or BASIC programs
for Windows or DOS. No licensing hassles.
C library source code available.

Ours: $355 FAXcetera #: 1004-9201

List: $395

Symantec C++

us Professional 6.0

by Symantec

Reach new levels of programming
power with Symantec C++ for
Windows, DOS, and Win32s.
Breakthrough new IDDE revolution-
es the way you work. Includes optimizations and tools,
k linker and Blue Sky visual tools, with MFC 2.0 and
32s, and 8000 pages of documentation.

PROFESSIONAL
e O

:

npetitive Upgrade for Borland or Microsoft customers $189.

] List: $499 Ours: $299
. Upgrade: List: $199 Ours: $189

tera #: 2132-0038
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IntegrAda for Windows ) Integra VDB —— .
by Aetech Inc. o, ’ Coromandel Industries, Inc.  INTEGRA VDB
A complete Ada Programming Support F Integra VDB is a visual database builder
Environment (APSE} for Windows, adding g for use by Visual C++, Visual Basic, and
a language sensitive editor; automatic code Borland C++ developers in building
generation & error checking; interactive W ‘4 ODBC compliant Windows database
error correction: pop-up menus to com- T f? solutions easily, quickly, and often with

tne

virtually no code. It consists of database
custom controls. functions and classes
that are seamlessly integrated with
these tools, a visual query builder. a visual data manager. and
an ODBC compliant SQL engine based on ANSI 92 standard.

List: $499 Ours: $389 FAXcetera #: 3507-0004

pletely customize the environment to the ]
standard Windows features. Allows you to
quickly code, correct. compile, and link
your Windows programs using Ada. Includes environment,
libraries. validated Ada compiler. Ada Windows Libraries.
Header Files. Resource and Help compilers, and Microsoft
Linker. (ACVC 1.11 validation pending) No Runtime Royalties!

o~
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List: $995 Ours: $895 FAXcetera #: 2358-0003
RoboHELP® 2.0
WATCOM VXeREXX Bl WATCOM:
by WATCOM Int'l Corp. ®VXRpyxy Dy Blue Sky Software
Sand e Eromermi RoboHELP 2.0, the premier Help

WATCOM VXeRexx is an easy to use visual Authoring Tool for Windows & Windows

development environment for creating
applications that leverage the capabilities of
0S/2 2.x and exploit the Presentation
Manager graphical user interface. VX*Rexx

NT, offers full document to help system

Microsoft Word for Windows into a fully
functional hypertext authoring system

RheOHEY

o0 a7 e

2 Help Authoring Systens

‘ conversion and vice versa. Turns

combines a project management facility.

visual designer and an interactive source-

level debugger to deliver a very approachable and highly pro-
ductive visual development environment.

List: $199 Ours: $99* FAXcetera #: 1683-0016
*Pricing valid while supplies last.

capable of producing Windows Help files as easily as it does
plain text. Just fill in the actual Help text when prompted
RoboHELP takes care of generating the RTF, HPJ and
H files. Link tester allows you to simulate your design before
you compile. Full support of all features in Windows 3.1 Help
Engine. such as macros, secondary windows, and multiple
hotspot graphics.

List: $495

Ours: $439 FAXcetera #: 2602-0005

WATCOM™ C/C++32 v9.5
by WATCOM

C/C++32 is a professional, multi-
platform C and C++ development
system supporting 32-bit extended
DOS, 0S/2 2.x, Windows 3.x,
Windows NT, Win32s, and AutoCAD
ADS/ADI. The complete toolset
includes: C and C++ optimizing
compilers, royalty-free DOS exten-
der with VMM support, licensed components from the MS
Windows 3.x SDK, interactive source-level debugger, linker,
profiler. supervisor for executing 32-bit applications and DLLs
under Windows 3.x, 32-bit run-time libraries for extended DOS.
0S/2 2.x, Windows 3.x and Windows NT, and more.

List: $599 Ours: $349 FAXcetera #: 1683-0003

NEW THIS MONTH

PowerBASIC
by PowerBASIC, Inc.

PC Magazine awarded Editor's Choice

to PowerBASIC for powerlul feafures

like instant TSRs, a built-in assembler,

user-defined TYPES and UNIONS, curren-

cy variables with selectable precision.

unlimited siring space, and array
sort/scan/insert/delete. Crcale a pop-up

TSR with just five lines of source code! It's nearly 100%
compatible with Quick Basic. making it the upgrade choice of
BASIC programmers.

List: $149 Ours: $119

WATCOM CIC++*

i Vil ionn 1248 Cpleoring
¢ xd(Mlh‘&qnz o

FAXcetera #: 1012-4801

GU;\RANTEED BEST PRICES! (Call for Details)

To order call: 800-445-7899
Corporate (CORSOFT): 800 422-6507
FAX: 908 389-9227

International: 908 389-9228
Customer Service: 908 3§9-9229
Programmer’s Paradise Italia:
39-2-480-16053

For more information on the

products featured on these pages call
FAX:ctera's (201) 762-1378

MetaWare High C/C++
by MetaWare, Inc.

(| NEW RELEASE! High C/C++ version 3.1,
MetaWare's 32-bit compiler, is shipping.
Includes a 32-bit source-level debugger.
and a 32-bit Application Developer's
Kit for Windows. The “Incremental

| Strengths” feature enables gradual
migration from C to C++ one block at a time. High C/C++ pro-
vides optional ANSI conformance, eight levels of global optimiza-
tion and a full implementation of C++ templates.

List: $795 Ours: $669 FAXcetera #: 1590-0008

1163 Shrewsbury Avenue
Shrewsbury, NJ 07702
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State of the Art

MANAGING MASS STORAGFE,

As processors become more powerful, networks more ubiquitous, and data types more
rich and varied, storage technologies struggle to keep pace

SCOTT WALLACE

o
™
i :»’ ",
| \. s
\\\"N_-
v 8 '
A o 2

; ¥ '
.-/ / World Radio History




Your computing environment con-
tains many types of storage, from
the registers that feed the processor pipe-
lines to the jukeboxes that store archival
data. The different types of storage in a
computer system form a hierarchy, with
fast, expensive devices at the top and slow,
inexpensive ones at the bottom.

The best visual representation of this
storage hierarchy is a pyramid. Since the
early days of mainframes, computer sys-
tems engineers, managers, and users have
found the pyramid ideal for depicting how
data is organized and distributed across
storage devices. Over the years, the simple
RAM-disk-tape pyramid has evolved into
a complex, distributed, hierarchical data-
storage architecture populated by devices
of varying capacity, performance relia-
bility, and price.

Today, the volume of data managed by
this storage hierarchy is rising dramati-
cally. The ever-increasing storage demands
of individual applications; the migration
of large database applications from the
glass house onto corporate networks; and
the introduction of new groupware, imag-
ing, and multimedia desktop applications
contribute to the need for more distrib-
uted-storage capacity and more effective
tools to manage data. The goal is cost-ef-
fective data management that properly
safeguards information while providing
users with appropriate access at the lowest
cost.

Fortunately, rises in storage require-
ments have been paced by rises in storage
capacity. Recently, hard drives have shown
a 60 percent annual increase in data den-
sity, a trend that shows no sign of changing
(see the figure “Single-Platter Capacity”).
MO (magneto-optical) drives doubled their
capacity not long ago and will do so again
soon; tape subsystems in several form fac-
tors have dramatically increased storage
capacities and speed; and jukeboxes, or

Single-Platter Capacity

1400

auto-loaders, have
improved in price,
performance, and re-
liability, further le-
veraging MO and o
tape drive advances. =
The result is a stor-
age hierarchy that is
becoming at once
more flexible, more
responsive, and more
complex.
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Storage Hierarchy
Every organization
must create and con-
figure its storage
subsystems based on
user needs and com-
patibility with the
existing IT (infor-
mation technology) infrastructure. Each
organization must, in effect, design and
construct its own storage pyramid. Typi-
cally, this is done by selecting products
with a range of per-megabyte costs and
access times that provide a price/perfor-
mance continuum by mixing slower, low-
cost products with faster. high-cost prod-
ucts (see the figure “Cost vs. Speed”).

Although many storage products today
have short development and life cycles,
this hasn’t prevented enterprises from ef-
fectively incorporating technological de-
velopments into their storage hierarchies.
“For most organizations, the ‘sweet spots’
don’t move around very much, because
all components of the pyramid are im-
proving performance more or less simul-
taneously,” says Alex Nedzel, a consul-
tant with Ernst & Young's Center for
Information Technology and Strategy in
Boston, Massachusetts.

A bigger problem is the proliferation of
data, where there are two basic concerns.
“First, there’s the relatively straightfor-
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For the foreseeable future, hard drive
capacilies will continue to advance an average
of 60 percent per year, regardless of form factor.
{Source: Dataquest, 1993)

ward problem of get-
ting enough data on-
line at the right cost,”
Nedzel says. “But
the more compli-
cated issue is how to
assure the safety of
that data from both a
confidentiality and a
disaster-recovery
standpoint.” While
industrial-strength
software to manage
storage exists in
mainframe environ-
ments, none exists
that can manage stor-
age in the type of
heterogeneous dis-
tributed-computing
environment that
typifies many client/server systems.

To match such an environment, con-
temporary storage hierarchies are also
broad and heterogeneous. To confuse mat-
ters more, they often differ from platform
to platform, even in a single organization.
A mainframe storage hierarchy is different
than a desktop hierarchy, which is differ-
ent than a server, laptop, or PDA (person-
al digital assistant) hierarchy. A pyramid
combining all platforms would have mem-
ory, magnetic disk, MO disk, floppy disk,
tape, and auto-loader layers (see the figure
“Storage Hierarchy”).
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The Persistence of Memory
The top of the storage pyramid consists
mostly of DRAM and associated
caches that are used for temporary
storage of programs and data. As
applications and operating systems be-
come more memory hungry, you’ll see the
average memory of desktop systems rise to
accommodate such requirements.

The real news is flash memory. Flash

Managing Mass Storage

From flash memory to tape, storage
technology is advancing on many fronts
simultaneously.....cere. @ &

ILLUSTRATION: GEORGE SCHILL © 1994

Digital Hard Drives

Digital techniques fitter the signal
from the noise in today s high-capacity
hard drives

IDE Takes Off

Enhanced IDE offers many of the
advantages of SCSI, without
the headaches.........

..... 97

Optical Advances

After a slow start, MO
capacities are on the
MOVE.eeneeesasassssnnn

107
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relatively expensive devices operate at
instruction-execution speeds.

Magneto-Optical disk

MO storage products offer low-cost-per-
megabyte, high-capacity removable
storage. These drives come in a variety
of sizes, ranging from 3% to 14-inch
media. Typical access times range
from 30 ms for rewritable optical
drives to 300 ms for CD-ROM.

Magnetic tape is the slowest
but most economical layer.
Developments in all form
factors keep improving
data density and

transfer rates.

Less expensive

ST

Occupying the top of the pyramid—both in terms
of performance and cost—is memory. These

Fixed hard disk

Rewritable MO drive
WORM drive
CD-ROM drive

Floppy disk drive

Tape drive

MO jukebox

Tape auto-loaders

Magnetic disk

Magnetic hard disk devices typically have access
times of less than 15 ms and data transfer rates in
the megabyte-per-second range. To use stored
programs or data, you must first transfer the !
information to memory. (

Floppy disk

Slow but universal, floppy disks are
an elemental part of most end-user
routine data-storage practices, often
as much a transfer medium as a
storage medium.

Jukeboxes/auto-loaders

By leveraging MO and tape-
drive capacity, jukeboxes/auto-
loaders provide the access to
the greatest volume of data
but at the slowest speed.

Slower
|

A pyramid is ideal for representing the relationships between different parts of the storage hierarchy. Technologies at the top are more expensive and
are fielded in small capacities; technologies at the botiom are less expensive and have larger capacities.

memory has been around for some time
but is just now becoming popular. This is a
result of many factors, primarily increased
chip-storage capacity. reduced manufac-
turing costs, and demands for low-power,
low-weight storage created by PDAs and
other mobile-computing devices.

Flash memory is not only fast (with a
less-than- I-millisecond seek time), it’s ex-
tremely reliable. Because it has a lower
soft-error rate than DRAM and is non-
volatile, flash memory is ideal for BIOS
and critical systems applications. Flash

Cost vs. Speed

>1 ms >15 ms
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Magnetic Rewritable
disk optical

>150 ms

WORM

memory today has low power consump-
tion (e.g., Intel’s 16-Mb FlashFile chip
draws only 1 milliamp in static mode or 1
microamp in power-down mode). And be-
cause a flash-memory system has no mov-
ing parts, it offers survivability well be-
yond that of rotating media—it can survive
a shock in excess of 1200 g’s and operate in
temperatures ranging from —13° F to +167°
F. Flash storage is also small (32-Mb chips
should soon provide storage of 195 MB
per cubic inch) and light, and it operates
silently. Flash memory today is an ideal

>30 to 90 seconds

>3 GB Qi
cariridge

DAT  Data

cassette

8:-mm

CD-ROM Magnetic tape

With nonvolatile memory, access rime and cost are inversely proportional. You can pay up to $40
per megabyie for flash storage, while imost forms of tape storage are well under $1 per megabyte.
(Source: Freeman Associates, Inc., 1993)
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storage medium for laptops, as well as per-
sonal and mobile digital applications.

The problem with flash memory is price.
An OEM can expect to pay $1200 for 40
MB of flash memory. Thus, typically,
flash-memory disk purchasers buy 5- or
10-MB PCMCIA cards (at OEM pricing of
$200 to $300) for portable computing en-
vironments. The relatively low storage re-
quirements of PDA devices fit flash-mem-
ory pricing. In addition, PDA operating
systems are designed from the ground up
to support flash architectures. “Flash is
block-erasable but byte-writable. It’s not
like a disk drive that has direct overwrite,”
explains Bruce Bonner, flash drive prod-
uct-line manager for Intel in Santa Clara,
California. “With flash, you want programs
and data separated. Right now, desktop
operating systems commingle them;
they’re not flash-friendly.”

Desktop operating systems will exhib-
it flash-friendliness in the next year or
two. And if what Nelson Chan, director
of marketing at SunDisk in Santa Clara,
California, says is correct, almost every
desktop machine in the future will have
a PCMCIA slot for transferring data be-
tween the desktop and portable computing
devices. “We expect to bring a low-cost
PCMCIA desktop card reader to market
soon with a street price of under $80,”
says Chan. With sustained read rates of 3
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STATISTICA/W™ (for Windows) Complete Statistical Sys-
tem with thousands of on-screen customizable, presentation-quality
graphs fully integrated with all procedures m Complete Windows 3.1
support, DDE, OLE, TT-fonts, multiple toolbars, right mouse button
support ® Unlimited numbers of data-, results-, and graph-windows
® Inter-window integration: data, results, and graphs can be treated
as objects and converted into one another in a number of ways m
The largest selection of statistics and graphs in a single system;
comprehensive implementations of: Exploratory techniques; multi-
way tables with banners (presentation-quality reports); nonpara-
metrics; distribution fitting; multiple regression; general nonlinear
estimation; stepwise logiv/probit; general ANCOYA/MANCOVA; step-
wise discriminant analysis; log-linear analysis; factor analysis; clus-
ter analysis; multidimensional scaling; canonical correlation; item
analysis/reliability; survival analysis; time series modeling; forecast-
ing; lags analysis; quality control; process analysis; experimental de-
sign (with Taguchi); and much more @ Manuals with comprehen-
sive introductions to each procedure and examples m Hypertext-
based Stats Advisor expert system m Extensive data management fa-
cilities (spreadsheet with long formulas, block operations, ad-
vanced Clipboard support, DDE hot links, relational merge, data
verification, powerful programming language) ® Batch command
language and macros also supported, “turn-key system” options ®
All output displayed in Scrolisheets™ (dynamic, customizable, pres-
entation-quality tables with toolbars, pop-up windows, and instant
2D, 3D and multiple graphs) m Extremely large analysis designs
(e.g., correlation matrices up to 32,000x32,000, unlimited ANOVA
designs) m Megafile Manager with up to 32,000 variables (8 Mb)
per record m Unlimited size of files; extended (“quadruple”) preci-
sion; unmatched speed m Exchanges data and graphs with other ap-
plications via DDE or an extensive selection of file import/export fa-
cilities m Hundreds of types of graphs, including categorized multi-
ple 2D and 3D graphs, matrix plots, icons, and unique multivariate
(e.g., 4D) graphs m Facilities to custom design new graphs and add
them permanently to menu m On-screen graph customization with
advanced drawing tools, interactive stretching and resizing of com-
plex objects, interactive embedding of graphs and artwork, special
effects, icons, maps, multi-graphics management, page layout con-
trol for slides and printouts; unmatched speed of graph redraw m
Interactive rotation, perspective and cross-sections of all 3D and 4D
graphs ® Extensive selection of tools for graphical exploration of
data: fitting, smoothing, overlaying, spectral planes, projections, lay-
ered compressions, marked subsets m Price $995.

Quick STATISTICA/W™ (for Windows) A comprehen-
sive selection of basic statistics and the full graphics capabilities of
STATISTICAAY ® Price $495.

STATISTICA/pos™ (for DOS) A STATISTICA/w-compat-
ible data analysis system @ Price $795.

Quick STATISTICA/pos™ (for DOS) A subset of STA-
TISTICA/boS statistics and graphics m Price $295.

Domestic sh/h $10 per product; 14-day money back guarantee.
Circle 143 on Inquiry Card.

# StatSoft”

2325 E. 13th St. « Tulsa, OK 74104 « (918) 583-4149
Fax: (918) 583-4376

Overseas Offices: Statsoft of Europe (Hamburg, FRG). ph: 040/
4200347, fax: 040/4911310; StatSott UK (London, UK), ph: 0462/482822,
fax: 0462/482855; StatSoft Pacitic (Melbourne, Australia), ph: (03) 663
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STATISTICA/Mac™ (for Macintosh) A STATISTICA/W-compatible,
comprehensive data analysis and graphics system designed for the Macintosh ®
Large selection of statistical methods fully integrated with presentation-quality
graphics (incl. EDA, multiplots, a wide selection of interactively rotatable 3D
graphs; MacDraw-style tools) ® Unlimited size of files ® Full support for System
7, incl. “Publish and Subscribe” ® Price $695.

Quick STATISTICA/Mac™ (for Macintosh) A subset of STATIS-
TICA/Mac: a comprehensive selection of basic statistics and the full graphics ca-
pabilities of STATISTICA/Mac M Price $395.

6580, fax: (03) 663 6117, StatSott Canada-CCO (Ontario), ph: 905-849-0737, fax: 905-849-0918. Available From: CORPORATE SOFTWARE and other Authorized Representatives Worldwide: Hal-

land: MAB Julsing, 071-230410; France: Version US (1) 40590913; Sweden:

AkademiData 018-240035; Hungary: Dagent Kft 185-5782; Baigium: TEXMA 10 61 16 28; South Africa: Osiris 12 663-4500;

Japan (Macintosh): Three's Company, Inc., 03-3770-7600; Japan (DOS and Windows): Design Technologies, Inc., 03-3667-1110.
StatSoft, STATISTICAW, Quick STATISTICAW, STATISTICA/Mac, Quick STATISTICAMac, STATISTICADOS, Ouis STATISTICAQOS, and Sciollsheet are trademarks of StatSoft. T
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It's small enough to sit on

your desktop. At 360 dpi, it

prints crisp text, precise lines .

and the smoothest of curves.

Its speed is undeniable. And ls e neW

its price — unheard of in the 12 for Windows driver. Also in-

world of CAD. cluded is a C-size Windows 3.1
Called ProTracer™II, it’s driver and IBM ProPrinter and

a large format inkjet plotter rO ramr 0 Epson emulations.

that brings something new Our new ProTracer II-GL

to CAD. Versatility. Because model combines the base unit

not only does ProTracer Il produce impressive draw-  with resident HP-GL® and HP-GL/2 emulations, and 2
ings up to 17”x 22" in size, but it also delivers sharp, ~MB memory. It provides support for all major CAD ap-

What Ou ne If you're an AutoCAD® user
you’ll want the ProTracer II
base unit, priced at $1599. It

comes with ADI® drivers for Au-
toCAD as well as an AutoCAD

high quality text documents. plications and is priced at only $2149.

ProTracer II has an abundance of new features ProTracer II is backed by a full one year warranty
and capabilities all aimed at making you more pro- and optional extended warranties. You'll also receive
ductive. Like its speed enhancements. And its unlimited access to our expert technical support.
expanded plotting capabilities including a larger To receive your FREE sample output packet, locate
printable area, auto-centering, best fit, replot, and a dealer near you, or to order direct, call Pacific Data
long axis plotting functions. Products at (619) 625-3643, Fax (619) 552-0889.

Pacific Data Products, [nc., 9125 Rehco Rd., San Diego, CA 92121, In Europe, call (353) 61 475609. ProTracer is a trademark of Pacific D'ata r(’ ! PAC I F I C DATA
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Products, Inc. All other brands and product names are trademarks ot registered trademarks of their respective manufacturer. ltnage courtesy
of Autodesk Inc. ProTracer uses PecrlessPage™, the advanced imaging Operating System from Pecrless. © 1993 Pacific Data Products, Inc. PRODUCTS
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or 4 MBps (writing is slower, on the order
of 200 KBps), future PCMCIA flash-
memory disks—like floppy disks today—
may be a key portable-to-desktop end-
user link.

Spin Doctors

Hard disk technology is the most rapidly
evolving storage technology, largely as a
result of the size of the hard disk market, its
highly competitive character, and indus-
trywide R&D spending on rigid disks. Phil
Devin, vice president of storage technolo-

gies at Dataquest in San Jose, Cali-
fornia, foresees density improve-
ments of 60 percent to 65 percent

annually, prices falling by 12 percent per
quarter, and product life cycles of less than
a year. A key factor in density improve-
ments will come from developments in
MR (magnetoresistive) heads, with much
of the work being done by IBM.

MR heads allow greater areal density
than either thin-film or ferrite-inductive
heads (see the figure “Areal Densities™).
According to Bob Scranton, director of

Areal Densities

10.00

storage systems and
technology at IBM’s
Almaden Research
Center and director of
advanced technology
at IBM’s San Jose,
California, Storage
Systems Division,
MR heads will be im-
portant for maintain-
ing a 60 percent com-
pound annual growth
rate in areal density
for the foreseeable fu-
ture. “With expected
improvements in our
MR heads, the focus
will shift more to-
ward the electronics,”
says Scranton. IBM is just one of many
companies pursuing research into the data-
recording, digital-read-channel, and in-
terface technologies that will help keep
areal-density growth at historic levels (see
“Digital Hard Drives” on page 91).

Data density isn’t the only good news:
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Head technology is o1ne of the driving forces
behind hard drive capacity increases.
Magnetoresistive heads are expected to
accelerate capacity increases, partly because
they work so well with newer digital read
technologies. {Source: IBM Corp., 1992)

Drive latency, a
function of rotation
speed, is getting bet-
ter, too. “We’ve seen
an increase in spin
speed from 5400
rpm to 7200 rpm,”
says Paul Wasen-
berg, product-line
marketing manager
for Micropolis of
Chatsworth, Califor-
nia. Spindles spin-
ning 33 percent
faster means data is
available sooner.
Combined with in-
creased areal density
(which also means
an increase in linear density), the effect is
a higher data rate. The trade-off is noisier,
hatter, and more power-hungry drives.
IBM’s DFMS and DFHS families of
high-performance 3'4-inch drives rotate at
7200 rpm. These 1-, 2.1-, and 4.3-GB
drives feature an industry-leading areal

1935

It's about time a computer company listened to
my needs. Not just tell me what they think I need.

MARCH 1994 BYTE 83
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Magneto-Optical Drive Sales
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As capacities increase, so will the popularity of MO
technology. The plateau in §'4-inch shipments from 1990 1o
1992 reflects the effects of the standards tirmoil in that

market. (Source: Disk/Trend. Inc., 1993)

density of 564 Mb per square inch. a scek
time of 8.6 ms. and the industry’s highest
media rate of 12.2 MBps. The Barracuda,
another 7200-rpm drive from Seagate
Technology (Scotts Valley, CA), ofters 8-
ms scek times and a capacity of 4.1 GB.
With lower seck times, improvements in
caching. and higher spin speeds. access
times will only get better.

Focus on Optics

The principal advantages optical
disks (rewritable and WORM)
have over hard disks are remov-
ability and greater bit density.
These combine to make optical
storage ideal for library and
archive applications. In the past,
the optical-storage market was
primarily focused on large 12-
and |4-inch drives, but the em-

phasis today is on smaller
products (sce "OpticalA
Advances™ on page 107).

Projections for 5'%-inch and 3'/-
inch rewritable optical drives in-
dicate strong market growth (see
the figure “Magneto-Optical Drive Sales”).

The 5'/-inch form factor is attractive for
desktop applications. “In 1993, we saw the
introduction of the double-capacity 5':-
inch drives, which significantly improved
the cost per megabyte of optical storage
over the earlier 650-MB models.” says Stan
Corker. director of removable storage re-
search at IDC (San Diego. CA). And things

are likely to get better. Hitachi, outpacing
optical-drive manufacturers Hewlett-
Packard, Sony, and IBM, has released its
triple-density 2-GB 5'/-inch drive.
Rewritable optical drives in the 3'/-inch
“rigid floppy™ form factor are also be-
coming more capacious and attractive.
“The momentum is with the 3'/-inch
drive.” says Patty Chan. optical-storage
analyst with Dataquest. “It’s a smaller form
factor. the entry cost is much lower, and it
can be used in many more applications.
We expect 1993 figures to show 3'A-inch
drives surpassing $'/-inch drives in unit
shipments, and in 1995 we anticipate some
3'~-inch drives in excess of 500 MB.”
Because optical is a removable storage
medium, there is a strong demand for
interchangeability standards. “The devel-
opment of standards probably tends to
throttle back the rate of technological im-
provement,” comments IBM’s Scranton.
referring to the disparity in bit-density im-
provements between magnetic and opti-
cal storage over the past several years.
“CD-ROM players, for instance, have been
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at the same density for many years. The
reason is media interchange standards.”

In terms of unit shipments, however,
CD-ROM is the fastest-growing segment
of the optical marketplace (see the figure
“CD-ROM Breaks Through™). Until re-
cently, CD drives were strictly aftermarket
products, typically oriented toward pub-
lishing and data-distribution applications
rather than storage. “CD-ROM has grad-
uated from an aftermarket item to an option
in the standard configuration,” notes Data-
quest’s Chan.

End-user and OEM interest in CDs is
being driven primarily by pricing, but func-
tionality helps. “Over the next two years,
the price of CD-R [CD Recordable]—now
around $5000—will drop fast. In that same
time frame, we can expect to see erasable
CDs,” says Chan. These developments will
likely push CD-ROM drive prices lower.

Tale of the Tape

Magnetic tape products are growing quick-
ly in capacity and, despite impressive im-
provements in hard disk storage, are keep-

ing pace with magnetic
drives. A critical end-
user issue with tape is

storing data faster, particularly in
server environments where the
window for backing up data is con-
strained, but the amount of data to
be backed up keeps growing.

QIC (quarter-inch cartridge)
drives account for 76 percent of
the installed base of all computer
tape drives, according to Robert
Abraham, an analyst with Free-
man Associates in Santa Barbara,
California. “This momentum—
coupled with a strong desire for
backward compatibility, well-defined per-
formance migration paths, and low costs—
has discouraged many users from defecting
to helical-scan or optical technologies,”
he says.

QIC tape products can be configured
to compatibly serve a range of computing
environments, from mainframes to lap-
tops. “The highest growth area is the QIC
3'k-inch format, and that’s being driven
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After years of slow growth, CD-ROM players are
starting to be considered standard equipment on desktop
PCs. (Source: Disk/Trend, Inc., 1993)

by PC users,” says Fara Yale, tape mar-
ket analyst at Dataquest. Yale estimates
1993 shipments of QIC 3'/-inch floppy
interface products at more than 2 million
units, mostly for stand-alone PC backup.
Desktop penetration, however, remains
law, at less than 10 percent of desktops.
Arguably the fastest-growing tape
market segment is parallel-port interface
tape systems; these products can support

. TI's patented BatteryPro~ System
gives you three to five hours* of color computing.

At Texas Instruments, we listened to your travel needs. That’s why we built
two performance features into every TravelMate™ 4000E notebook computer.
One is the powerhouse 486 processor that helps make your applications
scream. The other is our breakthrough BatteryPro power management sys-
tem. This patented system monitors and maintains low power to various
system resources such as the display, hard disk drive and ports until these
devices are needed. Walk away for a while and BatteryPro puts your TravelMate

ywhere in between, you've got the power.

{'f TEXAS
INSTRUMENTS

*Battery life measured by PC Magazine’s Battery Rundown Test. Actual results may vary.

to “sleep” Once you return and hit any key, you're right where you left off.
With the TravelMate’s advanced power management
features, even when you need to fly you won't feel grounded.
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STORAGE HOT SPOTS

Pemaps more than any other product, the juke-
box is an enabling technology with a potent mul-
tiplier effect; it allows improvements in optical-
and tape-storage drives to be multiplied many
times over. Because the price of the jukebox ro-
botics remains the same, doubling drive capaci-
ty in a jukebox has the effect of halving the cost
per megabyte. Hewlett-Packard, a leader in the
growing 5%-inch optical jukebox market, found
that the release of its 1.3-GB optical drives
caused a flood of jukebox sales.

But price and capacity aren’t the only issues.
“The challenge of optical drives and jukeboxes is
to help smooth the pyramid, so it’s not an ugly
transition between on-line data and off-line data,
and to help make network administration a nat-
ural act,” says Pam Ingmire, product marketing
manager at HP’s Greeley, Colorado, storage-sys-
tems division.

Capacity, security, and
availability are the critical
buyer issues. Performance,
though less critical, is still
important. “On our 5%-inch

library, the worst-case time to access data is 15
seconds or so,” Ingmire says. “We’re looking to
improve that by 50 percent or more with a ‘dou-
ble-picker’—robotics that can handle two car-
tridges at once rather than just a single disk.”

SQUEEZE PLAY

Data compression, once a rarity, is now com-
monplace and is even bundied into many stor-
age products. Compression can be accomplished
either by hardware (which is faster) or software
{(which is less expensive and more flexible) and
with absolutely no loss of data and lower com-
pression ratios (lossless) or with no appreciable

degradation of data and higher compression
ratios (lossy).

The data compression market is fairly ma-
ture, and desktop products like PKZip from
PKWare (Brown Deer, WI} and Aladdin Systems’
{Watsonvitle, CA) Stuffit are tried and true, wide-
ly used, and inexpensive. Typically, these utilities
operate at the archive or directory level, which
means that they can compress segments of a
disk, keeping directories and file structures in-
tact. “For archive-level compression, the goal
is efficiency, not speed. That’s where the com-
pression-ratio wars are happening today,” says
David Schargel, president of Aladdin Systems.
Real-time compression services, such as those
embedded in MS-DOS 6, are faster but resuit in
less compressed files than archive-level prod-
ucts.

Images, motion video, and multimedia will be-
come commonplace on the desktop only if there
are price and performance improvements for
silicon-based products that support JPEG and

New Intelligent Docking: So smart it




MPEG compression. “Until you compress video
or still-image data, it's just too voluminous for a
PC to handle,” says Eric Hamilton, manager of
microcode for C-Cube Microsystems and chair of
the I1SO JPEG committee. C-Cube is developing a
chip to support H.261 video, as well as MPEG
and JPEG compression and decompression. By
the end of 1994, volume pricing for the chip is
projected to be under $100.

DEALING WITH DISASTER

Disk arrays designed to increase the reliability
and performance of disk-storage subassemblies
are also leveraging the improvements made in
drive and interface technologies. ‘“High data-rate
applications—like multimedia PCs and audiovisual
software—are growing,” says Joel Hagberg, Raid-
jon product manager at Micropolis. “At the same
time, mission-critical applications are migrating
down to the network. The result is storage re-
quirements that are going sky-high and an in-
crease in the need for fault-tolerant storage.”

The demand for fault-tolerant storage is paced
by users’ growing awareness of the value of their
data. Different solutions provide different de-
grees of security, and users must select their
solution and its risks. “There are many different
levels of fault tolerance, going all the way to on-
line transaction-processing systems where every-
thing is paraileled,” notes Jim Porter, president
of Disk/Trend in Mountain View, California.

Redundancy, as exemplified by RAID tech-
nology, is one popular approach to creating
fault-tolerant storage {see “Disk Arrays Ex-
plained,” October 1992 BYTE). But, as storage
components become more bulietproof {IBM’s
DFMS and DFHS drives sport 1-million-hour
MTBFs [mean times between failures]—that’s
114 years of uninterrupted use), fault-tolerant
storage should become less expensive, more
manageable, and more available. “We’ve just
seen the tip of the iceberg in terms of the kind
of confidence we’ll have in a file server, say,
five years from now,” concludes Porter.

not only desktop systems but laptops as
well, A variety of manufacturers. including
Colorado Memory Systems. Conner Pe-
ripherals, and Tandberg Data, ottfer paral-
lel-port interface products.

DAT (digital audiotape)—because of
its storage density and small form factor—
is popular for data-intensive storage ap-
plications at the desktop, the workstation.
and the server level. Products by Conner
Peripherals. HP. Sony, and others are muk-
ing inroads into the tape-storage market.

At the high-end, DEC’s DLT (Digital
Linear Tape) offers capacity. speed. and
extreme reliability. The design allows for
a head life of 10.000 hours (nearly five
times that of previous drives). a recom-
mended average of 10.000 reads/writes
per cartridge, and an MTBF (mean time
between failures) of 80,000 hours.

The Storage Boss

Managing the storage hierarchy—whether
for a PDA, laptop, workstation, server, or
mainframe—is getting more complex. and
the consequences ol mismanagement are

An indus

first from Texas Instruments:

Automatic load and system configuration.

We call it the ultimate desktop replacemeni. You'll call it remarkable.
It's our new TravelMate™ Intelligent Docking System®. And by listening to the
needs of notebook users, we've created the industry’s most advanced docking
system available. [t's also the most complete.

Just insert any TI TravelMate 4000E notebook computer into the auto-
loading mechanism, push a button, sit back and watch the docking system do
the rest. Expansion is a snap too, with six ISA and two PCMCIA card slots and

four drive bays.

knows if your TI notebook is coming or going.

Then away you go. That's
true desktop replacement.
From the one notebook
company who listens.

Our Intelligent Docking System makes the transition from notebook to
desktop replacement fast and easy. When you dock, it knows whether you
have an external monitor, keyboard or internal modem. Meaning you don’t
have to reconfigure each time you insert your TravelMate. When you're
ready to hit the road, simply click an icon and the system knows to save
the file you're working on, close Windows™and eject your TravelMate. =
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getting more expensive. A survey of 450 in-
formation systems executives at Fortune
1000 companies found computer down-
time cost an average of $78,191 per hour
and occurred, on average, nine times a year.
A typical “outage” cost $330,000, includ-
ing the costs of recovering or reconstruct-
ing data. Clearly, users must prepare them-
selves and their data for the inevitable.

In the client/server environment, this
preparation can be complicated, and hier-
archical storage management systems are
being called on to automate backup and
recovery, manage file migration, and over-
see volume and library management ser-
vices. The goal is to create a high-relia-
bility, high-access, high-performance data
management environment. “Hierarchical
storage management comes from the main-
frame world, and users migrating to cli-
ent/server are looking for the same kind
of management tools they had on their
mainframes,” says Barbara Goldworm,
product-line manager for management ser-
vices at Novell in Provo, Utah.

NDMS (NetWare Distributed Manage-

ment Services), Novell’s management
strategy, supports the utilities and func-
tions to allow decentralized management
of storage and data across distributed en-
vironments. Within NDMS today, HCSS
(High-Capacity Storage System

three of the storage pyramid layers: mag-
netic disk, optical disk, and tape. Conner
HSM, which is typically configured with a
dedicated storage server running as its pri-
mary task, has three logical components:

the network interface, migra-

Services) supports hierarchical H . tion and data management
management across the mag- ierarchical software, and analysis and re-
netic disk and optical disk lay- storage management porting to support assessment
ers. ‘f(’il‘hc]a( Novell str:tegytis o comes from the :)tf migrati’on thresholc(:§. “Frorg
provide key management ser- . e user’s perspective an

vices within NDMS, plus APIs mainframe W'Ol’id: from the network administra-
to development partners for ex-  and users migrating  tor’s perspective, Conner
tende:d or ’s’pecialized additional to client/server are HSM’ ’is just one lz}rge storage
services,” Goldworm notes. looking for th pool,” explains Rick Luttrall,
HCSS lets users set “water- (30 Ing for the same product marketing manager for
marks” on disk capacity and kind of management Conner’s advanced network
tfigger transparent data r:nigra- tools they had on products. “They rc?ally do‘n’t
tion to and from magnetic and their mainframes know where the files reside

optical storage.

Conner Software Products
(Lake Mary, FL) offers hierarchical storage
management software called Conner HSM.
The Conner system is designed specifi-
cally for automated data management on
Novell NetWare networks. It manages

within the hierarchy; that’s
transparent.”

One of the problems confronting pros-
pective storage management customers is
an uncertainty about their true storage
needs. With individual desktop applica-
tions expanding data requirements, main-




frame applications migrating onto net-
works and desktops, and altogether new
applications emerging, it’s difficult to pro-
ject storage needs. “We provide a tool,
HSM Planner, that helps users analyze op-
erations across the enterprise—all the
servers on the network—and determine
what their storage requirements are and
are likely to be within the next three years,”
says Luttrall.

Storage Directions
What can we expect in the future? Flash
memory will become less expensive and
smaller and increase in capacity. As desk-
top and laptop operating systems become
“flash friendly,” look for operating systems
on a chip. Also, solid-state disks, such as
DEC’s new 580-MB DRAM ESP580, can
be expected to penetrate specialty markets
like high-speed, high-value transaction-
processing appligations, where data in-
tegrity is paramount and I/O storage is the
bottleneck for high-value transactions.

In hard drives, you should look for big-
drive capacity (i.e., 500 MB) on small

drives and lower per-megabyte cost every-
where. Also, advances in interface tech-
nology will make it easier and less expen-
sive to use these large-capacity drives (see
“IDE Takes Off” on page 97). MO storage
will experience faster density increases
than it has in the past, while in CD-ROM,
prices will continue to fall and multispeed
drives will proliferate, with triple- and
quadruple-speed drives from companies
such as NEC and Pioneer becoming in-
creasingly common.

On the cutting edge, look for holo-
graphic storage products to come to mar-
ket within the next year. Tamarack Storage
Devices of Austin, Texas, a spin-off of
MCC, expects to ship its holographic prod-
uct, called MultiStore, in the second quar-
ter of this year. MultiStore will provide
30 GB of removable WORM storage at
an initial end-user cost of $6000, dropping
to $3500 with volume. Media cost is pro-
jected to be $5 per gigabyte. The device is
essentially an auto-loader for 30 2'2-inch
disks, each of which stores a gigabyte of
data on a Du Pont photopolymer material

similar to that used in holographic art.

On the software side, hierarchical stor-
age management software will get more
robust, address more layers of the pyra-
mid, and better manage storage devices.
In the next three years, you’ll see capable,
multiplatform products that offer main-
frame-quality data-storage management
in distributed environments.

All these improvements will be neces-
sary, as the future will bring more and
more data that’s increasingly critical to
success in a wide variety of businesses and
industries. “Keeping your detailed manu-
facturing data on-line so you can optimize
production efficiency and products, for in-
stance, is a competitive investment,” notes
IBM’s Scranton. “If it produces improved
quality and reduced cycle time, then more
companies will be using data as a com-
petitive weapon.” The result is an accel-
erating demand for products to ease the
management of that data. B

Scott Wallace is a BYTE technical editor. He can
be reached on BIX c/o “editors.”

The most comprehensive line of 486 notebooks
designed specifically to meet your needs.

When it comes to listening to your notebook computer needs, at Texas Instruments we hear what you're
saying. And it shows in our line of TravelMate 4000E Series notebooks. After all, we offer a wide range

of 486-based notebooks plus an Intelligent Docking System with your needs in mind.

You'll find the entire high-performance lineup, from our economical monochrome WinSX/25™ to
our active matrix color WinDX2/50™ powerhouse, is ideal for portable and desktop replacement needs.
The critics agree. To start with, Texas Instruments notebooks are the only products in any category ever
to win five PC Magazine Editor’s Choice Awards all in a single issue* And that’s just the beginning.
But, there’s really only one way you can find out if a TravelMate 4000E is right for you. Try one!

We're delivering.

TRAVELMATE 4000E SERIES NOTEBOOKS Then decide if indeed we have been listen-
OISPLAY PROCESSOR MEMORYt PRICET ing. Learning, And delivering. Simply call
Active Matri DX2- RAM/200M|
e i o 1-800-527-3500 to find the TravelMate
Color 485DX2-40MH: 4MB RAM/200MB HOD 52989
Color 4865X-25MHz 4MB RAM/120MB HDD $2.249 dealer neareSt you
Monachrome 4860X2-50MHz 4MB RAM/200MB HDD $2.899
Monachrome 4865X-25MHz 4MB RAM/120MB HDD $1.899 EXTENDING YOUR
TRAVELMATE INTELLIGENT DOCKING SYSTEM WITH IN

COMPATIBILITY EXPANSION INTERFACES PRICEHH
T TM4000E Six 16-bit 1SA slots Parallel/2 Serial, VGA, Mouse, $849
Series Notebooks two PCMCIA Type It slots,  keyboard and game ports, ()

four drive bays RJ-11 jack /
t RAM axpandable to 20MB with optional memory, t1 Estimated street price. Dealer prices may vary. b TEXAS

* Pive Editor's Choice Awards in August 1988 issue of PC Maganss.
TravelMate, WinDX2, WinDX, WinSX, BatteryPro
The Ready-Lo-Run logo and Windows er

B

and *Bxtending Your Reach With Innovation” sre trademarks of Texas Instrumenta.
he Intel Inside logo
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Don’t waste precious time. Use Sony QD2120 formatted QIC-80 data cartridges. The perfect shortcut for your QIC-80

ON LY SONY drive’ Saving you up to two hours of formatting time for more productive pursuits.
¢ = Like backing up vour critical data. To keep your PC system running on schedule,
DATA MEDIA " take the quick route. For more data, just call 201-476-8199. SONY.

© 1993 Sony Electronics Inc. Sony and Only On Sony are trademarks of Sony. Reproduction in whole or in part without written permission 1s prohibited. All rights reserved, *QIC-BO drives from Colorade Memory Systems, Conner Peripherals, jomega, Summit Memory Systems and Wangtek.
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State of the Art

DIGITAL HARD DRIVES

Older analog read technologies are giving way to DSP-based digital read channels, which let you

pack more data on your hard disk

PETER WAYNER

GEORGE SCHILL © 1994

ver the next several years, most hard

drive manufacturers will abandon
purely analog recording technology and be-
gin shipping drives that use digital tech-
niques. The new technology, called digital
read channel, will at least double the amount
of information that can be packed into each
square inch of a hard drive platter, and
there’s no reason to doubt that further ad-
vances will produce even greater improve-
ments in density. Such improvements in
density are necessary as desktop machines
move to applications that employ such rich
data types as voice and video.

The key to the transition is a collection
of low-cost drive controllers from compa-
nies such as Cirrus Logic (Fremont,CA),
IBM Storage Systems Division (San Jose,
CA), and Adaptec (Milpitas, CA) that in-
corporate digital signal processing to dig-
itally process the signals from the disk fast
enough to sustain the data rates needed by
the main computer. These controllers use
a digital signaling technique known as
PRML (partial-response maximum-like-
lihood) that was originally used for com-
munications with deep space probes, such
as the Viking Lander. If the technique
helped keep data clear through all the back-
ground interference from space, there is
no reason why it can’t help keep the data
from disk drives clear, too.

PRML lets you pack more information
into each track of a drive, because the al-
gorithm allows the drive hardware to filter
out the noise associated with densely
packed data. The algorithms use knowl-
edge of how nearby bits can blur together
in order to clean up the signal and detect
spurious signals. The new chips also pack
more tracks on each platter by using digi-
tal techniques to align the drive head over
the correct track. When these two im-
provements are combined, they can lead
to a doubling in the amount of data stored
per disk. That means the cost of hard disk
storage per byte will be cut in half.

continued
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Sampling Signals

The write circuitry lays
down a continuous
signal consisting of
peaks and valleys.

| field saturates the coating
and completely aligns all
molecules. Old analog cas-
sette decks stored the sound
in the strength of the field
that created larger and
smaller magnetic patches.
This technique is not gen-
erally used in disk drives
because saturated blips are

easier to read and write at
Time

The read circuitry
samples the signal at
regular intervals and
deducts the shape of
the written signal based
on the samples.

-5V

high speed. This ease is
also why digital tape play-
| ers are making such inroads
in the consumer audio
world.

For years, drive manu-
facturers have continued to
use tried-and-true analog
read techniques while con-
centrating on other tech-

As laid down by the write circuitry, 7 bit on
a hard drive corresponds to magnetized spots on
the surface of the disk, while 0 bits corresponds
to the absence of magnetization. The signal on
the disk resembles a smooth curve. The read
electronics, however, doesn’t see a smooth
curve. Rather, it samples the signal at discrete
points. Interpreting these samples gets tricky as
increasing bit densities pushes the peaks closer
together.

Hard Drive Basics

To understand this approach, you need to
begin with the physics of building a hard
drive. A drive uses electromagnets to store
data on the magnetically sensitive coat-
ings of the platter. When the electromagnet
is turned on, it generates a magnetic field.
The molecules in the coating align them-
selves in the direction of the field in the
same way that a compass turns to align it-
self with the magnetic field of the earth.
Current can pass through the electromag-
nets in two directions, which means that re-
sultant magnetic fields can have one of
two opposite orientations. When you flip
the polarity of the electromagnet, it will
leave a similar pattern in the coating.

You read the data from the disk using
the reverse of the write process. The mag-
netic fields in the coating generate tiny
electrical currents in the coils of the elec-
tromagnets as they pass under the read/
write head. The presence or absence of an
induced current determines the value of
the spot.

At this level, both analog and digital
hard drives and analog and digital tape
drives operate in the same manner. The
main difference is that the disk drives
record bits as spots where the magnetic

92 BYTE MARCH 1994

nologies to increase disk
capacity. One major target has been re-
ducing the distance between the head and
the platter. The closer the head, the small-
er the magnetic spot and consequently, the
more data that can be packed into one
place. Of course, small spots also mean
weaker induced fields when reading, so
researchers have also concentrated on the
development of more sensitive thin-film
coatings. Research certainly continues in
these two areas, but manufacturers are
turning to PRML because the electronics
necessary to do the more complicated
digital calculations are finally becoming
inexpensive enough to make digital drives
a commercial possibility. Digital tech-
niques let disk makers achieve signifi-
cantly larger packing

When these bits are handed to the drive,
the drive electronics then encodes them
with ECCs (error-corrected codes), such as
Reed-Solomon codes. ECCs have redun-
dant bits that let the hardware reconstruct the
original data when errors occur. The codes
are a well-studied branch of mathematics.
They often amount to constructing over-
determined systems of equations where m
equations and n unknowns exist, and m is
greater than n.

This resulting bit stream is then con-
verted into RLL codes, which add redun-
dant bits to guarantee that not too many 1s
or Os fall in a row. The process for writing
to the disk generates a new magnetic mark
for every time a 1 occurs. If a 1 doesn’t
occur often enough, the clock that tries to
count the position along the drive starts to
drift, and the drive may drop a bit. Cirrus
Logic uses an RLL in which every 1 is sep-
arated by at least one 0 and no more than
seven 0s. During the course of this process,
the bits increase in number by 50 percent.
This loss of packing density is necessary to
guarantee the accuracy of the data.

The effects of writing bits on a disk can
be seen in the figure “Sampling Signals.”
The curve represents the strength of the
magnetic mark at a particular point on the
track. Some of the peaks point up and
others point down. Drive controllers usu-
ally alternate positive and negative peaks
to help distinguish them.

The old generation of technology used
two peak-detection circuits to determine
whether a peak occurred. One circuit
would check to see if the signal was above
a preset level, and the second would take

the derivative of the

densities without in-
vesting the money in
building physically

READ TECHNOLOGY

signal and look for a
0. This worked well if
the peaks were spread

more precise mecha- apart, but as they grew
nisms or developing Analog closer, the mingling of
more sensitive record- | ) two peaks would often
ing media. * Is simple to implement add false peaks.

* Needs clean samples |
Encoding Data « Can’t handle closely ' The Role of PRML
The process of conver- [ The main problem with

ting bits into magnetic
marks on a disk in-
volves at least three dif-
ferent layers of algo-
rithms. On the highest

packed bits

M Digital

level is the operating

system, which writes
the file (which may al-
ready have been com-
pressed by software) to
the disk electronics.

¢ Requires fast processors
¢ Can filter noise and other

interference

¢ Allows denser packing
of bits

crowded signals is that
the read electronics do
not see the smooth
curves as shown in the
figure “Sampling Sig-
nals.” The heads can
only provide a few
samples for each peak.
Thus, as you crowd
more bits into a small-
er area, you need some



method of determining to which peak a
sample belongs. This is the role of the
PRML algorithms in digital read channels.
The algorithms determine whether each pair
of samples belong to the same peak or to
two different peaks. More important, the
algorithms adjust themselves when errors
oceur, because it is not uncommon for noise
to skew samples and add false peaks.

The PRML algorithms used in digital-
read-channel controllers are similar to the
algorithms that were developed in the sixties
and used to process convolutional codes.
These codes built in a certain amount of re-
dundancy and error correction by writing
each bit down as the sum of sev-
eral of the previous bits. For in-
stance, one simple convolutional
code might write bit / as the sum
of bit 1. bit i-1, and bit /-3. Bit /
can be recovered at read time by
subtracting out the values of bit
i-1 and bit j-3. Normally, these
convolutional codes will store
cach bit as the result of two or
more different polynomial equa-
tions based on the previous n bits.
The more complex the polyno-
mials. the more resistant the code
can be to error.

If there is no noise, these con-
volutional codes can be decoded
by reversing the equation and
subtracting out the values of the
previous bits that have already
been decoded. But if there is
noise, the algorithm can use the
extra information present to de-
termine which bits were flipped.
It tries to identify the most likely

bit that caused the error. The al- however, would only generate 2.0 B
gorithms for doing this are often units of error. Thus, the PRML can 38
known as Viterbi algorithms. In make the correct choice for the

the simplest form, they amount interpretation.

to checking all possible errors and
looking for the best match to the
data in question. This technique is
useful if you are using a small
polynomial involving only a few
bits that could go wrong. In the
most complex cases, the algo-
rithms perform like dynamic pro-
gramming algorithms.
Convolutional codes are good
models for disk drives where
tightly packed data may create
peaks that overlap. The tail of
one bit can often interfere with
the signal of another. More im-
portant, each peak can contain

Although it is possible to make
the decision after the fourth sample,
a PRML algorithm might wait until
the fifth and sixth samples arrive
before choosing the interpretation
with the smallest amount of error.
This is one reason why drive
controllers alternate between
positive and negative peaks. The
fact that two peaks of the same
polarity can’t follow each other
disallows certain interpretations and
makes it easier to weed out bad
choices.

rithm’s job is to determine when and how
noise skews some of the sample points
(see the text box “PRML at Work™).

Embellishing PRML

Some manufacturers have developed pro-
prietary approaches to these PRML algo-
rithms. Cirrus touts its SofTarget feature
that allows the electronics to tune itsclf on
various drives. The electronics can use a
range of different polynomials in the con-
volutional codes and also set the expected
values for each peak. Each drive can tune
itself and choose the best values. One drive
might decide that its peaks normally gen-

PRML. at Work
P

erate +3.7 for the first sample and +3.4 for
the second sample after it writes and reads
a calibration pattern. Another might choose
the pair +3.2 and £3.5.

Cirrus believes that the SofTarget tech-
nology gives drive manufacturers the abil-
ity to relax their tolerances on the mag-
netic media and the heads. The heads and
the media do not have to perform in as
narrow a range as before.

The Electronics

Companies such as IBM. Cirrus, and
Adaptec like to characterize digital-read-
channel systems as using digital signal pro-

RML (partial-response maximum-likelihood) comes into play when noise skews
one of the samples of the signal from the disk. In the figure “A Noisy Sample.” the
signal should properly decode to bit pattern 101, but the third sample is hard to interpret.
It could be the beginning of a negative peak that was attenuated, or it could be a peakless
point that was amplified by a glitch or by interference with a neighboring peak.

A peak-detection algorithm could be confused by the noise in this signal. It might
detect an extra negative peak in the 101 bit pattern. This weakness in peak detection is
one reason drive makers can’t pack too many peaks close together unless they resort to
technology that yields a more intelligent interpretation of the samples.

Under PRML, the drive electronics doesn’t try to interpret the third sample until later
samples arrive. In fact, PRML tracks both interpretations and then computes the partial
error that would occur with each interpretation. Assume that the standard assumed value
for a peak is 3.5 and a flat section
is 0. Interpreting the 101 pattern as a
110 would generate 12.8 total units
of error. The correct interpretation,

A Noisy Sample

is this the start of a
new negative peak or
part of a noisy 0?

I 01 7
13
-35 W 33

Time

The third sample in this example signal is an
anomaly—it doesn’t correspond to a 1 bit or a 0 bit.
Using PRML, the read electronics use the value of
Sfollow-on samples to correctly interpret the
anomalous sample as part of a 0 bit.

Several SAIMPIE PO TS . T e (1] - —
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F Effects of Digital Read Channel

f
|

Analog read

Spots separated to
’ prevent peak overlap

Digital technology /c1s disk mukers pack bits more closely on individual tracks and also pack tracks more closely. The adveat of magneto-resistive

Tracks separated to
prevent interference

PRML lets you increase
density of dots on a track

heads will further increase the packing density of hard disk platiers.

cessing. While this is true, the use of these
words can cause some confusion because
the etectronics built into the drive hardly re-
semble the DSP (digital signal processor)
chips that are common today. The standard
DSP is a stand-alone computer with some
beefed up circuitry for doing simultaneous
multiplication and addition.

On the other hand, these drive con-
trollers can do only one thing—interpret
the signals coming oft the disk. The elec-
tronics are hard-wired circuits that can
only be reprogrammed in small ways. The
circuits must be simple because they have
1o process the data at high rates. The Cir-
rus CL-SH4400, for instance, can put out

Digital read

Digital filtering allows more
closely packed tracks

data at up to 64 Mbps at channel frequen-
cies of up to Y6 MHz.

The work that the CL-SH4400 does can
be broken up into five basic steps. First, a
companion chip, the VM6400 from VTC
(Bloomington, MN), converts the raw
signal from analog into 6 bits of digital
representation. When this arrives at the

Introducing the $139 investment no
computer user can afford to be without...

"Don't take chances...Get the
ultimate proctection...Back-

UPS from APC."
PC World
Top 20
Upgrade Back-UPS
2.5 0

A e
Amercan Powes Cnvertion
L/ o 4

Blackouts, brownouts, sags... if you use
computers, your bottom line is directly linked
to your power line. The fact is, your data and
hardware are vulnerable to problems that surge
suppressors and power directors just aren’t

equipped to handle.

products are sold.

APC Back-UPS provide

instantaneous battery power
during power disturbances,
s0 your data and hardware
are safe!

Now there’s an Uninterruptible Power Supply (UPS) to suit
any budget. Back-UPS® are perfect protection for LAN servers,
personal computers, phone/fax systems, POS equipment, or any
other device that can go down when the power does. If lightning
is a concern, Back-UPS are even backed by a $25,000 insurance
policy against surge damage to your equipment (see details).

So don't wait for the inevitable power problem to rob your
business. Protect your productivity with Back-UPS, available
where quality computer

800-800-4APC, dept. a2

Businessweek’s #1 Hot Growth Company!(NASDAQ:APCC)

Call for your
FREE 60 page
PC power

protection
handbook!

™

AMERICAN POWER CONVERSION

© 1993 Trademarks ave properss of their respectve uners. * Suggested hst price.
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1 GIGABYTE
INDUSTRY STANDARD

99

FS1G ships complete with SCSI host adapter, FileSECURE" software

for Windows and DOS, cables and EXATAPE™ cartridge.

Be the first kid on the block to get your hands on the FS1G from Exabyte. It’s the ideal SCSI minicartridge tape storage system
for PC, workstation and LAN applications. Windows, imaging and networking makes | gigabyte a must. At 1.5 gigabytes (2:1 compression)
the FS1G meets your computing needs now. And it backs up your data at over twelve times the speed of other minicartridge tape systems.
Our exclusive 1+1 Warranty gives you a full 2 years of protection with 48-hour cross-shipment replacement policy, including
famous Exabyte worldwide technical support. /
For a FREE Exabyte Storage Planner, the software tool designed to guide your EXAYTEQD /
network tape storage decisions, call 1-800-866-6002 today. Then watch Exabyte leapfrog We're Backing It Up.
the competition in capacity, price and performance!
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CL-SH4400. the signal is equalized and
smoothed before the PRML algorithm at-
tempts to filter out the errors. This is be-
causce the response of the head to the mag-
netic field is often not smooth. Finally. the
chip removes the RLL codes and presents
the result in ordinary form.

In addition. Cirrus makes the CL-
SH3300. a one-chip version of the CL-
SH4400/VM6400 pair that performs at a
slower rate of 40 to 48 Mbps. A 64-Mbps
derivative of the CL-SH3300 will be avail-
able soon. and Cirrus plans to push the
two-chip version to even higher rates. Both
packages are made in CMOS.

The Future
The emergence of PRML drives is likely 1o
be responsible for major gains in price/
performance of hard drives over the next
several years. At this point, Cirrus claims
that new drives can increase in capacity
by up to 50 percent if the company uses the
CL-SH4400 SofTarget technology with
conventional heads and magnetic media.
In the future. further gains will come

when drive manufacturers can build mag-
neto-resistive heads. These heads contain
special resistors that change their resistance
as they pass through the magnetic field
caused by a magnetic mark on the disk plat-
ter. These heads are better tuned for PRML
algorithms because they generate smoother
signals. When these heads become com-
mon. drives should be able to pack twice
as much information again into cach platter.

The simple PRML algorithms used in
this first round of drives is just the begin-
ning. More complicated coding algorithms
can result in greater densities of data.
IBM"s Almaden Research Center (San
Jose. CA) is experimenting with a trellis-
coded PRML system that uses a more so-
phisticated coding algorithm that is com-
monly used in high-spced modems. Its
system uses a technique called Matched
Spectral Nulls that more accurately tunes
the coding algorithm to the read-head re-
sponsc. The algorithm knows which types
of errors are more likely to happen. and it
can recover those better. IBM is reporting
that experiments show that at least 15 per-

cent more information can be packed into
each track. and more important, off-track
performance is improved. allowing nar-
rower track widths.

These algorithms promise to reduce the
amount of error correction that is built into
the system. At this time, the three levels of
codes—ECC. RLL. and PRML—signifi-
cantly increase the number of actual bits
that are written to the disk. If the coding
process can be more properly tuned to the
channel, then more data can be written.

The future drives will no doubt include
even more innovations in coding technol-
ogy. Digital disk electronics was not pos-
sible until recently; you couldn’t fabricate
chips with enough transistors to do the
necessary computations. Now that this
technology has arrived, there will be plen-
ty of room in the future for new systems
that incorporate better algorithms and more
robust codes. W

Peter Wavner is a BYTE consulting editor. He can
be reached on the Internet ai pew@access.di
gex.net or on BIX as “pwavner.”

All Bermoulli° products up to
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Product 0ld SRP New SRP Product 0ld SRP New SRP
150MB Insider DE Drive and Disk NEW $589  Single 150MB Disk (in 5-Pack) $159 $109
150MB Insider Drive and Disk $1099 $599  Single 105MB Disk $169 $99
150MB Transportable Drive and Disk ~ $1225 $699  Single 90MB Disk (in 5-Pack) N/A $99
90MB Insider Drive and Disk $799 $499  Single 65MB Disk $129 $59
90MB Transportable Drive and Disk ~~ $949 $599  Single 35MB Disk $79 $39
Iomega’s just been tagged the new mance MultiDisk™ 150 Drive* See
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low price leader for removable stor-
age. We've cut prices permanently
on the most reliable storage devices l

around—including the high-perfor-

*The Bernoulli MultiDisk 150 Drive can use 150, 105, 90, 65 and 35M8B disks interchangeably. ©1993 lomega Corp. The lomega Logo and Bernoulli are registered
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trademarks and MultiDisk is a trademark of lomega Corp.

| your dealer or call 1-800-695-4028.
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You Got Jt, Baby!

i By the Time We Get to Woodstock
- When historians write the history of the personal computer industry
years from now, they’ll remember Gateway 2000™ as the radical PC
manufacturer that gave power to the people by selling the highest-
quality, latest-technology computers at affordable prices. By
showing PC buyers a level of service they thought was a
throwback to the peace and love era. By giving real meaning =
to the tattered, worn-out term “value.”

When Gateway 2000 came onto the scene, the

establishment computer companies were charging
whatever they wanted for technology.
Gateway was a real downer to them
because we began selling the same
technology for a whole lot less. And |
the buyers were very smart. They
shouted, “Hell no, we won’t go,” to
the big companies, and took a chance
on the revolutionary Midwest company
called Gateway 2000. Soon a great legion of people — even more
than Woodstock attracted — was buying Gateway PCs.

Today, Gateway 2000 is bigger than many of the companies for
which it was an alternative. So why should you buy a Gateway
computer today? Same reasons as in the beginning. You still get the
best price, quality and service from us.

Demonstrations

That’s why PC Magazine readers said Gateway 2000 was #1 in
overall reliability, and we also received the most votes when readers
were asked if they would buy again from the same company — in
both desktop and portable PC categories. (Thanks, PC Mag readers!)
That’s why, for the third consecutive year, we swept Computer
Shopper’s Best Buy Awards. (Thanks, Shopper readers!) And that’s
why we took five top honors in PC World's World Class Awards,
including Best Mail Order Company and Best Service and Support.
(Thanks, PC World readers!) Even though we’re now a Fortune 500
company, we still champion anti-establishment thinking. Check it out.
You’ll find GW2K is far-out, groovy and totally unreal!

ess.”
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Gateway Gives You Periormance

The Eagle has Landed

When Gateway 2000™ introduced a Pentium™-based system —
loaded — for under $4,000, everybody in the industry knew the Eagle
had landed. The best PC value on the planet had arrived! The editors
of PC/Computing heralded the accomplishment by naming it Best
Desktop of 1993.

Then we topped our achievement by offering four Pentium
processor-based systems, including a new 66MHz model, priced from
$2,495 t0 $3,995. Now that’s a giant leap in value for one of the
highest-performance PCs on earth. These systems are tomorrow’s
technology available today at affordable prices — only from Gateway.

Our PS5 systems include Intel’s 64-bit Pentium processor, which
moves instructions and data twice as fast as a 486 system. The P5

PC:s get another performance boost from a PCI local bus. The
| PCI bus can operate 10% to 15% faster than a VESA® local bus.
New this month, all PCI local bus systems also include a PCI
IDE interface, which dramatically improves hard drive
performance (up to twice as fast). The PCI bus’ “plug and
play” feature makes your PC easier to use, too, by
automatically configuring peripherals.

Space-Age Video

The PCI bus is coupled with a space-age video system,
with 2MB standard video memory giving you 64,000 colors
at 1024 x 768 resolutions. The high-performance PCI-based
video system achieves 16 million colors, true 24-bit, in
VGA and SVGA resolutions. Our standard video system
gives you the best overall performance on the market.

The net effect of the PCI local bus and this video
system is computer performance that will send you into
orbit. It’s definitely far-out!

oM—(»~403 DM~ Z2C

Photo courtesy of NASA. Thanks!
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b 486 PCI Local Bus System is A-OK
The PCI local bus with PCI video and disk subsystems
is also available in a 66MHz 486DX2 system, which is
upgradable to the Pentium OverDrive™ processor. Another A-OK
value in a high-performance system from Gateway!

fou've got a friend in the business.” ®

800-846-20528



afs Out Of This World!

GATEWAY 2000 |

- ,:-—,v F_?.'-- i
R wp o

ST Y

- —_— T

i . ' Cwred S T

CAEENC T LN E R

LT LD .o ~ < ———— -
L S -t -3 : . -

Our new 66MH:z
Pentium-based system
is priced at only $3,995.

Our P5-60 was named Best Desktop of 1993
by the editors of PC/Computing. “(It) is
nearly twice as fas! as its nearest competitor
at Windows operations. When it comes to
top-of-the-line desktop svstems, you can't
beat high performance for a low price,”
states the editorial.
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Our 4DX2-66V model has
10 be one of the most highly
decorated PCs in the
history of the industry. For
good renson’ Like other
Gateway VESA and
integrated systems, it's a
very altractive value.
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Our Family PC™ comes with CD-ROM, sound card,
speakers, joystick, fax/modem and multimedia software.
You choose one software option from five great Family PC
multi-title packages. Some of the outstanding titles you can
get are: Microsaft Works,™ Dinosaurs and Encarta,”
Cinemania,™ Time Almanac, Links Golf Colection, The
Animals!, MicroProse™ Game Pack, MECC Elementary
Education Pack — and more!

You’ll be a trend-setter in your office or neighborhood if you
choose a Gateway VESA® or integrated system because there’s
nothing more fashionable than a great buy. Everybody wants one!

VESA a Go-Go

Our VESA local bus machines give you go-go performance at a
fab price. VESA, which stands for Video Electronics
Standards Association, assures you of compatibility
with any VESA peripheral. These systems are also
upgradable to a Pentium™ OverDrive™ processor if
you need more processor power in the future.

Integrated PCs Sock it to ’Em

Our integrated systems definitely sock it to the
competition. Offered in space-saving mini desktop
cases, our local-bus integrated PCs give you twice the
video performance available in many standard
desktop machines. In fact, video performance in
our integrated systems is similar to, or better than,
that found in many of our competitors’ high-end systems.

Of course these machines are also upgradable to a Pentium
OverDrive processor.

Our special Family PC,” with full multimedia capabilities and
exciting software choices, is priced at only $1,995. Ask us for details.

If you want a mod PC for the fewest dollars possible, you want an
integrated system from Gateway. You can bet your bippy on that!

Energy Stardom

All Gateway 2000™ VESA local bus and integrated systems wear
the Energy Star seal to show they comply with energy-saving
guidelines established by the EPA. Our commitment to the Energy
Star program is just one of the ways we’re working to help the
environment — and to help you save money!

- You've g tend 1 o business. " ®
. You've got a friend in the business.”®

800-846-203538



For The Rolling Stone dn You,

Whether you travel constantly from continent to continent or
occasionally from office to home, Gateway has the perfect portable
PC to keep you rollin’ on down the highway.

Easy Rider

The revolutionary HandBook® 486 gives you more MIPS per
pound than any other PC! Plus, the HandBook is the answer to the
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