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EDITORIAL INDEX 
For more information on any of the companies covered in articles, columns, or news stories 
in this issue, circle the appropriate inquiry number on Your Direct Link Card. Each page number 
refers to the first page of the article or section in which the company name appears. 

Inquiry No. Page No. 

A 
Action Technologies 90 

1115 Adept Scientific 68 
Micro Systems 

Adobe Systems 90, 173 
Aetna Life and Casualty 90 
Alfalfa Software 136 

1079 Alpha Microsystems 58 
1091 Alpha Systems 59 

AMD 26 
1224, Apple Computer 40, 90, 
1165 173, 177, 183 
1088 Applied Engineering 59 

Approach Software 32 
Arthur D. Little 90 
Asterix 

1169 AST Research 
AT&T 

1 086 Alto Technology 

B 

136 
26, 52 

32, 90, 129 
59 

Banyan 90 
1157 BayWare 73 

Bellcore Labs 24 
1093 Best Data Products 60 

Beyond 90 
1 087 Bolder Systems 59 

Borland International 26, 90 
British Columbia 112 

Ministry of Forests 

c 
Calcomp 156 
Campbell Services 90 
Canon 156 

1273 cc: Mail 136 
CCOM Information 90 

Systems 
1271 CE Software 136 
1228 ChipSoft 165 

Collaborative 112 
Technologies 

1223 Compaq Computer 169 
Computer Mail Services 136 

1117 Computervision 68 
Connectix 173 

1159 Creative Labs 73 
Creative Strategies 90 

Research International 
Cyrix 26 

D 
1272 Da Vinci Systems 90, 

112, 136 
Dan Technology 26 

1163 Dariana 73 
1116 Data Description 68 
1229 Dataproducts 156 

Datapro Research 90 
DEC 26, 37, 90, 123 
Dell Computer 112 
Deloitte & Touche 90 

254 BYTE • MARCH 1993 

Inquiry No. Page No. 

Delrina Technology 90 
1 077 Diamond Technologies 58 

Dolphin Server Technology 24 
1118 Dynacomp 68 

E 
Educational Testing 90 

Service 
Electronic Book 32 

Technologies 
Electronic Mail Association 90 
Elonex 26 

1168 EO 52 
EquipmenVPiexus 90 
Everex Systems 30 

F 
Ferris Networks 90 

1 094 Fifth Generation Systems 60 
FileNet 90 
Finansa 
Fort Howard 

1076 4P s.r.l. 

G 

90 
90 
58 

General Electric 197 
Gentek 177 

1114 Golden Software 68 
Grand Junction Networks 123 
Group Solutions 129 

H 
HBO 

1230 Hewlett-Packard 
24 

37, 90, 
156, 209 

37 Honeywell 

IBM 26, 30, 90, 112, 129, 
136, 169, 187, 197 

1132 Imagine That 177 
1092 Intel 26, 30, 37, 60, 

187, 197 
Intelligent Resources 24 
lnterConsult 32 

1227 lntex Solutions 165 
lnventa 90 

1141 IQ Software 72 

J 
JetForm 90 

K 
Kalpana 123 
Keyfile 90 

1156 Knowledge Adventure 73 
Kodak 197 

L 
Lannet 123 
LANshark Systems 90 
LaserData 90 
LaserMaster 156 

1231 Lexmark International 156 
Lotus Development 30, 37, 

46, 90, 112 
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M 
1140 Mark of the Unicorn 72 
1225 Meca Software 165 

Meckler 24 
11 04 Microlex 64 
1153 MicroProse Software 73 
1131 , Microsoft 24, 26, 32, 37, 73, 
1162, 90, 112, 136,173, 
1274 197,209 

MIT Center 11 2 
for Coordination Science 

MIT Press 190 
11 06 Motorola 37, 64, 187, 183 

N 
National Center 123 

for Supercomputing 
Applications 

1078 NEC Technologies 
1155 Network Cybernetics 

Next Computer 
NHK Broadcasting 
Nippon Telegraph & 

Telephone 

58 
73 

24, 136 
24 

112 

Northern Telecom 129 
Notable Technologies 112 

1275 Novell 90, 136, 216 
Nu-Mega 187 
N.V. Philips 197 

0 
Olivetti 37 
Ono-Sendai 129 
On Technologies 112 
Open Systems Advisors 90 

p 
1226 Parsons Technology 165 

Patricia Seybold 90 
Office Computing Group 

1 095 Performance Technology 60 
Periscope 187 
Picture Tel 129 
Pitney Bowes 177 

Strategic Information 
PowerCore 90 
Protean 123 

1096 Proxim 60 

Q 
1232 QMS 156 
1 089 Quantawave 59 
1154 Quantum Quality 73 

Productions 
1158 Quarterdeck Office 73 

Systems 
11 02 Quinn-Curtis 64 
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R 
Radius 183 

1143 Rational Data Systems 72 
RCA 197 

1075 RDI Computer 58 
Reach Software 90 

1276 Retix 90, 136 

s 
Samsung Electronics 
Seeq Technology 
SenseS 
Siemens Nixdorf 
Silicon Graphics 
Social Security 

Administration 
Soft Switch 
Software Publishing 

1142 Solea Systems 
Sony 

30 
123 
129 
30 

32, 129 
90 

90, 136 
32 

Sony Advanced Systems 
SRI 

72 
197 
24 

123 
123 Starlight Networks 

1103 StratosWare 
1167 Sun Microsystems 

Computer 

64 
26, 48, 

129 
24 
59 

Supermac Technologies 
1090 Symmetric Research 

T 
Technological Partner 
Texaco 

24 
90 

26, 169 
73 

Texas Instruments 
1160 T ran tor Systems 
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1105 UniPress Software 64 

Unisys 37 
Unix System Laboratories 32 

v 
Ventana 

1161 Ventura Software 
Video Telecom 
The Virtual Reality 

Institute 
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112, 129 
73 

129 
129 

Wahl Associates 90 
Woods Wire Products 112 

1277 WordPerfect 32, 90, 136 
WorkGroup Technologies 112 
Workhorse 90 
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Xerox 
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112, 123 
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Young & Rubicam 90 
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PRINT OFF BOTH 
~aring printers in mixed Ethernet 

network environments is now an affordable 
reality. The AXIS AX-5 Ethernet Print 
Server allows you to send ptint jobs concur­
rently from both TCPIIP and Novell Net­
ware™ LAN platforms. For mixed environ­
ment networks, particularly where a variety 
of protocols are employed, the AX-5 is the 
ideal solution. 

TCP /IP and NOVELL NEtwORKS 

SIMULTANEOUSLY! 
TCP/IP 

• 

NOVELL NETWARE™ 
The AX-5 features include: 
• Simultaneous Ethernet printingfrom 

shared TCP!IP & Novell networks 
• Locate printers anywhere on the 

network 
• Advanced accounting features 

-'""'i;;;;;;;;;;;;;;;;;;;.,~ • Thin (10Base2), Thick (10Base5) or 
Twisted Pair (lOBaseT) Ethernet 
supported 
Multiple Router Support 

• Totally secure! Control user access 
with passwords. Support for Novell 
encrypted passwords 

• Support of the FTP protocol 
• No need to load diskettes or tapes in 

NOW TCPIIP mode 

SHIPPINGI With a parallel transfer rate of up to 60KB/ 

• NetWare 
Tested and 
Approved 

• second, the AX-5 delivers the high speed 
printing capabilities today's users demand. 
Installation is fast and easy. In TCPIIP 
environments, simply use FTP to edit the 
configuration file. In Novell, the AX-5 uses 
PCONSOLE for basic installation. For 
advanced installation, we provide software 
compatible with DOS and WINDOWS. Either 
way, you'll be printing off your Novell and 
TCPIIP networks in no time! 

The AXIS AX-5 is the most advanced 
Ethernet print server available today. It is 
fast, versatile, easy to install and backed up 
by AXIS full One-Year Warranty. Call us 
today. We've got all the right connections. 

CALL +4646191800 
CALL 508·777·7957 

AXISM 
AXIS - the intelligent choice Axis coMMUNICATIONs AB, coMMUNICATioNs 

, , , Scheelevagen 16, S-223 70 Lund, Sweden 
More than JUSt COnnectivzty / AXIS COMMUNICATIONS INC, 

99 Rosewood Drive, Ste. 170, I;>anvers, MA 01923, USA 
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STOP BIT 

CLIFFORD A. 
PIC KOVER 

FRACTAL FANTASIES 

C 
omputer-generated fractal patterns are everywhere 
these days . From squiggly designs on computer­
art posters to illustrations in the most serious of 
physics journals, interest continues to grow among 
scientists , arti sts, and des igners. 

Mathematic ian Benoit Mandelbrot co ined the word 
fractal in 1975 to describe an intricate- looking set of 
curves, many of which were never seen before the advent 

Fractals can create an 

infinite playing field for 

board-game designs 

of computers, with their abil­
ity to quickly perform mass ive 
calculations. Fractals often ex­
hibi t se lj~similarity, which 
means that vari ous copies of 
an object can be found within 
the original object at smaller 

scales . The detail continues fo r many magnifications, 
li ke an endless nesting of Russ ian doll s within doll s. 
Some of these shapes exist only in abstract geometric 
space, but others can be used as models for complex nat­
ural objects like coastlines and blood-vessel branching. 

Interestingly, fractals provide a useful framework for 
understanding chaotic processes and for performing im­
age compress ion. The dazzling computer-generated im­
ages can be intoxicating, moti vating students' interest 
in math more than any other mathematical discovery in 
the las t century. 

When most people hear the word j i·actal they rarely 
think of applications beyond the kinds just mentioned. 
Recentl y, however, I fo und myself drawn to the ir use 
in game play ing. You might li ke to program software to 
play it or simpl y use a board drawn on paper. 

The board for the Fractal Fantasy game consists of a 
fractal nesting of rectangles within rectangles intercon­
nected with wiggly lines, as shown in the artwork above. 
There are always two rectangles within the rectangles 
that encompass them, and the degree of nesting can vary. 

Beg inners play with only a few nested rectangles, 
while grand masters play with many recursively pos i­
tioned rectangles. One can imagine tournaments lasting 
for days, with breaks onl y for eating and sleeping. The 
playing board illustrated here is called a degree 2 board, 
because it has two different sizes of rectangles within 
the large bounding rectangle. Beginners usuall y start 
with a degree l board , and grand mas ters have been 
known to use a degree 20 board. One player uses white 
play ing pieces (or stones); the other uses black. Each 
player starts with a number of stones equal to two less 
than half the number of vertices (i.e., dots) on the board. 

For the board here, each player gets 19 stones. With al-
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ternate moves, the players begin by placing a stone at 
points on the black dots that are empty. As they place 
stones, each player attempts to fmm a row of three stones 
along any one of the vertical sides of any square. This 
three-in-a-row assembl y of stones is called a googol. 
When all the stones have been placed, players take turns 
moving a stone to a neighboring vacant space along one 
of the wiggly or straight connecting lines . 

When a player fo rms a googol (either during the al­
ternate placement of stones at the beginning of the game 
or during alternate moves along lines to adjacent empty 
points), that player takes any one of the opponent's stones 
on the board and removes it from the board. (In some 
versions of this game, an oppos ing stone can ' t be taken 
from an opposing googol.) A player loses when he or 
she no longer has any stones or cannot make a move. 

Mathematic ians and philosophers will no doubt spend 
many years pondering a range of questions, particul arly 
for boards with higher nesting. Computer programmers 
will des ign programs allowing the board to be magni­
fied in different areas , permitting the convenient play­
ing at different size scales. They ' ll all wish they had frac­
tal consciousness, allowing the contemplation of all levels 
of the game simultaneously. 

Is there a best opening move or overall strategy? If 
the large bounding square has a side 1 foot in length , 
what is the total length of lines on the board? If an ant 
were to start anywhere on the board and walk to cover all 
the lines, what would be the shortest possible route on the 
board? How many possible board arrangements are there? 
How large would a degree 100 board have to be for the 
smallest squares to be seen? How many playing stones 
would be used? What length of time would be required to 
play such a bizarre game? I welcome comments and dis­
coveries from readers. • 

Cliffo rd A. Pickover is an IBM research staff member 
at the IBM Thomas J. Watson Research Center in York­
town Heights, New York. His latest book is Mazes for 
the Mind: Computers and the Unexpected from St. Mar­
tin's Press. You can reach him on BJX c/o "editors" or on 
the Internet at clijj@watson.ibm.com. 

Stop Bit is a forum for informed opinion on personal com­
putinJi topics. Th e opinions expressed are those of the author 
and not necessarily those of BYTE. Your contributions and 
comments are welcome. Write to : Editor, BYTE, One Phoenix 
Mill Lane, Peterborough, NH 03458. 



DELL CUTS 
PRICES. 

D 

THAF 
CHOICE 



When Dell cut prices up to $300 on its new Performance Series, 
IBM and Compaq reacted with a few choice words. 

The price cuts aren't the only thing that they reacted to; these 
systems already offered up to 50% better performance 

than our prev ious systems, and at up to 25% lower prices. Yikes! 

DN.L .. 
800--274--4635 

WHEN CALLING, PLEASE REFERENCE #llE93 . 

HO URS: 7AM-9PM CT MON-FRI, 8AM-4PM CT SAT, IOAM-3PM CT SUN . 

IN CANADA, CALL 800-668-3021. IN MEXICO CITY, 228-78 11 . 

*G1wrunt cc.~ cwui lu/Jic in USA only for regis tered IHI/Hcrs uf Dell Pcrfonnmu:c SCJ"ics .~y.o; t cms /Hirchuscd uft ct· 7/1/92. Fm· u 
cumfJic rc co j1y, /lfcu.'ic call om TcchFux\\1 line ur / -800-950-1329 ur write Dell USA L.P., 9505 i\rhurcrum B/t1cl. , All.'i liH 
TX 78759-7299. Aftcnriun (juaranlccs. 0Lca.o;in,t.: mTan_t:.:d by Lcmin,l! l/rr mJ l, Inc. '0tH ifL' $L"rt •io.: Jn-ol'idcd IJ)' HmtcT L'C :-;LTIIicL 
Corpormion. On-silt' h'rt riCL' uwy nor lh: awtilah/c illl\Tfllill fL' II lii!C mwt.'i. \V/NMAI~ l..:S IL'Sf l"L' .'i !l lt'i 11hwind h;; rwmin.l! \V/NBENCII 
t'L'r. 2.5 m I 02-1 x 7614. Till· /nrd /mid,• ltlj..,~' i.~ t ! ''-'~i.'iiL1.L'{I muL.11urrk and /\,,riruu, ii86anzJ i3S6 ar~· mu/,·marks ,,f fmd Carrnmw11t. l\ I.S-/ X )S i~ 
a n·~kTLcl muf..'Jillll'k anti \'VituLm!S is a rrtul..·11 1tn'k oflvliL1l J.>;j 1i GnJ,\ rrmi•m. UN/':\ i..~ a r,·t::i.~IL,·~·tf muf...mmk II{ UN /':\ Sy.~k'l ll f..t lh nmmic.~. htL. in 
1hc Uni1d .S/(l! t!S mul (lfher Co11nrrics. FO/\TUNE 5CXl is an.·t::iSrl'rLd mul~·mark (If Tlt..c T im ..: Inc. Ma,!!a::in,· C omf)(lll )'. /)e lf di.~claim s 
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E NEW DELL 333s/L 
6'" SX 33 MHz SYSTEM 

:ASE: $44/ MO. 
MBRAM 
20 MB 117 ms) HARD DRIVE 
ISA EXPANSION SLOTS 

GA BOO MONITOR 
4", BOO X 600, .39mm) 

lNE FLOPPY DRIVE (3.5" OR 5.25") 
IS.DOS 5.0 

E NEW DELL 42Ss/L 
16 SX 25 MHz SYSTEM 

EASE: $55/MO. 
1MB RAM 
70 MB 117 ms) HARD DRIVE 
l iSA EXPANSION SLOTS 
JPGRADEABLE PROCESSOR 
~CCELERA TED LOCAL BUS VIDEO 
"'iTH 512 KB VIDEO RAM 
JP TO 11 MILLION WINMARKS) 
.VGA 1 0241 MONITOR 
14", 1024 X 768, .28mm) 
)NE FLOPPY DRIVE 13.5" OR 5.25") 
AS-DOS 5.0 

E NEW DELL 433s/M 
:6 SX 33 MHz SYSTEM 

EASE: $7 4/MO. 
IMBRAM 
' 70 MB 117 ms) HARD DRIVE 

ISA EXPANSION SLOTS 
•PGRADEABLE PROCESSOR 
1CCELERATED LOCAL BUS VIDEO 
NITH 1 MB VIDEO RAM 
UP TO 19 MILLION WINMARKS) 
;VGA 1 0241 MONITOR 
14", 1024 X 768, .28mm) 
)NE FLOPPY DRIVE (3 .5" OR 5.25") 
.AS-DOS 5.0 

£ NEW DELL 466/ME 
16 DX2 66 MHz SYSTEM 

.EASE: $111/MO. 
~MBRAM 

170 MB 117 ms) HARD DRIVE 
~EISA EXPANSION SLOTS 
2 ISA EXPANSION SLOTS 
JPGRADEABLE PROCESSOR 
'<CCELERATED LOCAL BUS VIDEO 
NITH 1 MB VIDEO RAM 
UP TO 29 MILLION WINMARKS) 
JLTRASCAN~ 14C MONITOR 
14', 1024 X 768, .28mm, Nl) 

::>NE FLOPPY DRIVE (3 .5' OR 5.25") 
IAS.DOS 5.0 

E NEW DELL 433/T 
16 OX 33 MHz SYSTEM 

.EASE: $9 1 /MO. 
4MB RAM 
230 MB 116 ms) HARD DRIVE 
3 ISA EXPANSION SLOTS 
UPGRADEABLE PROCESSOR 
ACCELERATED LOCAL BUS VIDEO 
vVITH 1 MB VIDEO RAM 
'UP TO 19 MilliON WINMARKS) 
3VGA 1 0241 MONITOR 
"14", 1024 X 768, .28mm) 
::>NE FLOPPY DRIVE (3 .5" OR 5.25") 
IAS.DOS 5.0 

OUR FASTEST 386SX. 
(Don't let it foo l you. 

Actually, it's a lor faster 
than a speeding buller.) 

UP TO 65% QUICKER 
MAINTENANCE. 

It's easy to get into this 
computer. just loosen a couple of 

thumbscrews for easy access to 
the modular chassis. 

UP TO 160% 
FASTER VIDEO. 

Faster PageMaker redraws 
and lightning-quick 

WindowS' repaints. Speed 
freaks, rejoice. 

A- a I : . -
B 

UP TO FOUR TIMES FASTER 
DATA TRANSFER THAN ISA. 

You get a 32-bit EISA 
expansion bus that transfers data 

at up to 33 megabytes a second. To 
understand what it does for your 

computer, drink about eight mi ll ion 
cups of coffee. 

UP TO 18% FASTER 
SYSTEM PERFORMANCE. 

Good thing you don't 
have to worry abour the 

highway patrol. 

GUARANTEED RESPONSE. 
Amazingly easy to use, and includes 

comprehensive documentation. Bur if you 
ever have questions, call us. We guarantee 

you'll talk to an expert within 5 minutes, or 
if you prefer, we'll call back within an hour.' 

UP TO 2.6 TIMES THE 
VIDEO PERFORMANCE . 

With our new accelerated 
local bus video revv ing up your 

screen, who needs a VCR? 

GREATER 
UPGRADEABILITY. 

You can upgrade all the way 
to the top 486, the 66 MHz DX2. 
You'll even be able to add the 

Pentium technology from Intel. 

GUARANTEED 
ACCOUNTABILITY. 

We're the onl y computer company 
to guarantee'-in writing-compatibi lity, 

fast response to your questions, and 
quick service:' Two-thirds of the 

FORTUNE 500 companies rely on us. 
So should you. 

=L..<=>""T" 
= L..<=>""T" 
= L..<=>""T" 
= L..<=>""T" 
=L..<=>""T" 
= L..<=>""T" 
=L..<=>""T" 
=L..<=>""T" 

33% MORE SLOTS. 
With eight slots, you 

can add the network and 
communicat ion cards you need 

for a great low-cost server. 

READY TO ROCK 'N' ROLL. 
Intel isn't the only thing in this 

system. Everything can be custom 
configured: modems, network 
adapters, and critical software. 

GUARANTEED 
COMPATIBILITY. 

Our computers are network­
compatible with Nove ll, Banyan, 

and UN IX® systems. And we're 
the only company with a 

written compatibility guarantee: 

SYSTEM PERFORMANCE 
BOOSTED 29%. 

With our new optimized 
cache as an option, you 
can give your system a 

boost whenever you want. 

GOOD NEWS FOR THE 
POWER HUNGRY. 

It's easy to upgrade to the top 
486, the 66 MHz DX2 . If 

you're still power hungry, you 
can add Pentium technology­
the next generation from Intel. 

UP TO 86% MORE 
DISK CAPACITY. 

Our floor-standing model 
has a disk capac ity of up to 
three gigabytes. Talk about 

mind-expanding performance ... 

::::a~.:h ~ystem is CL tStt liH·hui lr. \X/i rh 18 difft rcm mt..XIds in 1JUr new 4861itH!- ctwcring 25 MH z, B MHz, 50 MH z, and 06/vll-lz - y1u l c;m t.:tmf~un.: jusr rht: system ytJ\1 n~cd. In fact, with 11ur cumplet~ 

in~ of :-; t l..lt"< tg~, mcnHl!"y, gr:1ph ics :md Cl1tm cctivity pn xlucts, w~ em bui ld nvcr I 5,000 diCfCrcrH C1 mligurati1lllS. 



DELL INTRODUCES THE WORLD'S EASIEST PC TO TAKE APART. THAT LETS YOU SAVE TIME. 
SAVE ENERGY. SAVE FRUSTRATION. AND AS ALWAYS, SAVE A TON OF MONEY. 

1. 

2
The newDell 
425s/L then 

comes apart 
• easily by 

fi rst taking out two 
th umbscrews and 
removing the chassis 
cover. That 's right, 
you don't need a 
hammer. C rowbar. 
O r a chainsaw. 

3. 

The new Dell' 425s/L has embedded 
diagnostics that can identi fy a problem 
component just by pushing the rese t 
button twice. Even if a major component 
like the monitor or hard dri ve isn 't 
working, a video display or beepcode will 
show you the exact problem. 

just push two buttons (you won' t 
need an M. I.T. degree for this 
either), unplug two ca bles, and 
slide out your fl oppy drives for easy 
upgradeability. Service . O r to add 
a tape dri ve or CD-ROM drive. 

4
Then all you do is remove 
one tin y, li t tle screw and 

pull out the entire card 
• cage to add different user 

upgrade options like video 
You can also add cache. Add 
Pcnriu nl" technology. C hange 
the processor. O r even swap out 
the system board. A child could 
do it. Or even your boss. 

5. 
If you want to get to your hard drive fo r 
easy maintenance or for an upgrade, just take out another screw, unplug two 
cab les, and snap it out. A nd if there's a prob lem call us and we guarantee 
within fi ve minutes you' ll be ta lking to a trained spec ialist: A service which 
has helped make us a FORTUNE 500' company in seven short years. It's 
rea ll y that simple. A lmost as simple as picking up the phone. So call us. 

THE NEW DELL 425s/L 
i486 '" SX 25 MHz SYSTEM 

NEW LOW PRICE 

$1,499 
• LEASE' : $55/ MO. 

• 4 MB RAM 

• 170 MB (1 7 ms) HARD DRIVE 

• 3 ISA EXPANSION SLOTS 

• UPGRADEABLE PROCESSOR 

• ACCELERATED LOCAL BUS VIDEO 

WITH 51 2 KB VIDEO RAM 

(UP TO 11 MILLION WINMARKS) 

• SVGA 10241 MONITOR 

(14" , 1024 X 768, .28mm) 

• ONE FLOPPY DRIVE (3 .5" OR 5.25") 

• MS-DOS~ 5.0 

ALSO AVAILABLE WITH 33 MHz i486 SX, 
33 MHz i486 OX AND 50 AND 
66 MHz i486 DX2 AND THOUSANDS 
OF OTHER CONFIGURATIONS. 

WHEN CALLING, PLEASE REFERENCE #11 EC3. 

HOURS: 7AM-9PM CT MON-FRI, 8AM-4PM CT SAT, 10AM-3PM CLSUN. 

IN CANADA, CALL 800-668-3021. IN MEXICO CITY, 228-7811. 
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