




and Turbo C2.0 ! �
Turbo C 2.0 has the best 
of everything 
� Includes the compiler, editor, and �

debugger. all rolled into one �
� Integrated source-level debugger �

lets you step code, watch variables, �
and set breakpoinls �

� Develop and debug production-quality 
code in all six memory models 

� lnline assembler support 
� Support for Turbo Assembler �

and Turbo Debugger �
� Make facility wilh automatic 

dependency checking 
� Over 430 library functions, including 

a complete graphics library 
� Only $149.95 

New Turbo C Professional 
Turbo C2.0 plus both Turbo Assembler 
& Turbo Debugger: al l three programs It’s completely integrated and bullet-last. Feature highlights
rolled into one- the one Cpackage that Turbo Pascal’s new integrated � Includes the compiler, editor,
has everything. A complete set of tools debugger takes you inside your code and debugger, all rolled into one 
that caters to every level of program› for fast fixes. You step, trace, set multi › � Integrated source-level debugger 
ming expert ise. Turbo CProfessional: ple breakpoints. You modify variables as lets you step code. watch variables, 
$250. Includes coupon for free T-shirt and set breakpointsyou debug and watch fu ll expressions 
(while suppl ies last). � � Overlays, including EMS supportat runtime. 

� 8087 floating -point emulation 
New! Turbo Pascale 5.0 with Separate Compilation � Support for Turbo Assembler 

and Turbo Debuggerintegrated source-level Break your code into units. Your separ › � Procedural types, variables.debugger � ately compiled units can be shared by and parameters
Turbo Pascal, the worldwide favorite with multiple programs and linked in a ltash � Smaller, tighter programs: Smart Linker 
over amillion copies in use, just got with Turbo Pascal’s built-in Make utility strips both unused code and data 
even smarter. The best got better. Meet and smart linker. We give you a powerful � Constant expressions 
Version 5.0. In aword, it’s revolutionary. � library of standard units including the � EMS support for editor 

spectacular Borland Graphic Interface � Only $149.95Not only do you go code-racing at 
and our state-of-the-art overlaymore than 34,000 lines a minute," you Debugging: The inside storymanager.also now go into asophisticated debug› Turbo Pascal’s new integrated source›

ging environment - right at source level. level debugger takes you inside your 
code to fix errors fast. Don’t worry 
about errors, everyone makes them: 

TURBO PASCAL 5.0 but with the right debugger, this one,TURBO Turbo �
SIEVE BENCHMARK PASCAL 5.0 Pascal 4.0 � it’s a fast fix. �
.EXE size {bytes) 1440 1504 �
Execution lime{seconds) 6.15 7.25 � Turbo Pascal Professional� 

Turbo Pascal 5.0 plus both Turbo 
lnlegraled debugger Yes No 
FEATURE COMPARISON 

Assembler & Turbo Debugger: all three 
Overlays, including EMS support Yes No programs rolled into one- lhe one
8087 floaling-point emulallon Yes No Pascal package that has everything. ATurbo Debugger support Yes No �
Procedural types. variables. parameters Yes No � complete set of tools that caters to 
Smart linking of code and dala Yes No every level of programming expertise. 
Conslanl expressions Yes No Turbo Pascal Professional: $250. 
EMS support for editor � Yes No Includes coupon for free T-shirt
Be<lctvnark t25 1ter;ihoos) run oo �n IBM PSl2 MOdel 60 

(while supplies last). 

For the dealer nearest you 
60-day money-back guaranteet BORLAND Call (800) 543-7543 

Circlt 39 on lllader Service Card (DEALERS: 40) 

Shown here is lhe Evaluale/Modify window of Turbo Pascal: look at expressions. examine 
structured dala types. change variables on the lly. 







PRODUCTS IN PERSPlrCTIVE 

67 What’s New 

89 Short Takes 

Toshiba 3-in-One P321SLC, 
a color dot-matrix printer 
Illustrator 88, PostScript 
drawing gets better 
AppleCDSC, 
a new CD-ROM drive 
Super PC-Kwik 
and PolyBoost II , 
two great caching programs 
Tickler/2, a powerful 
personal scheduler 
Zortech Comm Toolkit , 
some eye-opening programs 

f’IRST I 1PRESSIONS 

151 � Borland Beefi; Up Its Languages 
by Rick Grehan 
and Tom Thompson 
Turbo C and Turbo Pascal get 
upgrades, but the big news is 
an assembler and a debugger. 

157 � Presentation Manager 
and LAN Manager 
by Steve Apiki and Stanford Diehl 
A graphical interface and network 
support carry OS/2 well beyond 
the traditional DOS environment. 

REVIEWS 

164 � Product Focus: 
80386s for the Masses 
by Steve Apiki and Stanford Diehl 
Twenty 80386-based clones 
offering a revolutionary 
feature- affordability. 
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EXPERT ADVICE 

101 � Computing at Chaos Manor: 
Stick Shift or Automatic? 
by Jerry Poumelle 
Jerry takes a look 
at Windows and Sprint. 

119 � Applications Plus: 
Sprint with Caution 
by Ezra Shapiro 
Ezra tests Borland’s new 
word processor. 

129 � Down to Business: 
Be Secure, Not Sorry 
by miyne Rash Jr. 
Your computers and data 
need protection from 
accidents and malice. 

133 � Maclnations: 
MS-D<>S,MinlFans,Math, 
and Mice 
by Don Crabb 
These tools make 
the Mac a multifaceted 
machine. 

137 � OS/2 Notebook: 
The Good News 
and the Bad News 
by Mark Minasi 
There’s a price to pay 
for all OS/2’s features. 

143 � COMl: 
Back to the Future Again 
by Brock N. Meeks 
Prodigy may be the 
breakthrough computer 
conferencing system. 

179 � Bucking the System 
by John Unger 
Dell ’ s System 310 provides 
optimized performance 
at a minimized price. 

185 � The Odd Couple 
by Wayne Rash Jr. 
The Amstrad PPC640 
and the Epson Equity LT 
have little in common 
beyond portability. 

194 � Bringing the Outside World 
Into a Macintosh 
by LtJurence H. Loeb 
A look at five low-end 
scanners that bring text and 
graphics to the Mac. 

201 � Smalltalk ala C 
by Namir Clement Shammas 
C_Talk provides 
powerful object extensions 
to Cina Smalltalk-like 
environment . 

209 � Turbo Prolog Revisited 
by Alex Lane 
Version 2.0 is a cut above 
the original version 
with enhanced database 
and graphics features. 

215 � D the Data Language 
by Pam Oppenheim 
An alternative to dBASE 
for developing 
custom applications . 

223 � Suit Yourself with Sprint 
by Lamont Wood 
A high-end word processor 
that you can customize . 

230 � Review Update 
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EDITORIAL � .Fred Langa 

THE RUSSIANS �
ARE COMING �

And they' re looking 
to do business with 
some very interesting 
software 

0 
n a steamy Friday in New York 
late last summer, some mem›
bers ofBYTE’s staffmet with a 
group of senior Soviet com›

puter scientists. The purpose was to 
learn about the state of the art in Russian 
computer technology and to see demon›
strations of IBM PC AT-based software 
that they hope lo export to the West. 

Almost the entire Soviet delegation 
was made up of members of the USSR 
Academy of Sciences. Attendees in›
cluded Boris Batalov, head of the Scien›
tific Research Institute; Lev Bogdanov, 
chief of the Department of Applied Phys›
ics and Mathematical Sciences for the 
Presidium; Vadim Kotov, deputy direc›
tor of the Siberian Computer Center; and 
Alexander Vasenkov, head of the State 
Committee for Computer Technology. 

Their software demonstration is a self›
running "film" (their word)-sort of a 
Dan Bricklin-like demonstration: a fast›
moving, sound-and-color canned presen›
tation of mock-up screens that are meant 
to reflect the actual product. Lots of col›
ored windows pop up everywhere, with 
native Russian explanations ofwhat’s go›
ing on translated (and, sometimes, con›
fusingly transliterated) into English. In 
all, it’s very interesting. 

The demonstration includes a power›
ful equation solver; a simpler, for-fun 
program for solving mathematical puz›
zles; a database you can query in natural 
language to find out (using their exam›
ples) when Good Night, Little Ones is 
playing on State TV; a time planner/proj›
ect management package (interestingly, 
they call it "plan" management); a mac›
roeconomics modeler (their demonstra-
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tion actually models the Russian State 
economy through the year 2000); and 
lots of information on the expert-system 
technology they used to construct these 
programs from "modules." 

Vadim Kotov, who did most of the 
talking for the group, stressed that their 
system was not just a set of tools, but a 
"factory" of interconnected applications 
that can be used to create complex pro›
grams in a very short time. 

It all looks very flexible and modular; 
it’s written in a powerful hybrid of Pro›
log and Smalltalk-sort of an object›
oriented Prolog. 

The whole demonstation is clever, 
flashy, and unabashedly commercial›
they’re looking for American companies 
to market their "software factory" tech›
nology. (And vice versa: DataEase Inter›
national set up their visit to the United 
States and as a result will be selling a 
database program in Russia.) 

Because the demonstration software 
gives a glimpse into a heretofore largely 
unknown portion of the microcomputing 
community, we’ll make the program 
available in the listings area of BIX so 
you can see it for yourself: Look for 
RUSSIAN I .ARC, RUSSIAN2.ARC, 
and RUSSIAN3 .ARC in the FromBYTE 
area. You’JI need a computer with EGA 
to see all the demonstration, although 
some parts of it will work on mono›
chrome systems. 

We also saw another program sepa›
rately demonstrated: Lexikon is a Rus›
sian word processor similar to WordStar 
but not a clone. Kotov said he was partic›
ularly proud of the thesaurus included 
with this product; Russian uses a number 
of declensions, so a thesaurus has to be 
clever to work well. 

Kotov’s group has been busy. For ex›
ample, it designed the typesetting system 
for Pravda (with a circulation of 10 mil›
lion, it’s one of the world’s largest publi›
cations). The Pravda system uses multi›
processing, and it has a "flat" structure 
(i.e., one layer of modules rather than a 

hierarchy of modules and submodules). 
Kotov’s group also recently designed 

the first Soviet 32-bit microcomputer: It 
looks more like a PDP-1140 than a desk›
top system. At its heart is a basic multi›
processing chip with reduced-instruc›
tion-set-computer-like architecture. The 
processor is "something like a Trans›
puter," but they do not use Occam, the 
multiprocessing programming language 
developed for the Transputer by INMOS. 
Nor do they use the asynchronous com›
munication bus developed by INMOS. 
Instead, they use a FIFO synchronous 
channel. 

By coincidence, we had brought along 
a Definicon two-Transputer board to 
show them; the chips occupied barely 
half of one AT-style card. Kotov said the 
equivalent Soviet silicon and support cir›
cuitry would fill a volume about half that 
of an entire AT system. 

One of the Russians mentioned that 
there were 200,000 personal computers 
in the Soviet Union, most of them Rus›
sian-made clones of the IBM PC and AT. 
They would like to buy or build 80386›
based systems, but the most advanced 
chip that can be legally sold to them is an 
80286 running at 12. 5 MHz or slower. 

The most popular programming lan›
guage in the Soviet Union is C, followed 
by Pascal andModula-2 . The Soviets use 
C primarily under the Unix operating 
system. 

Most computers are in offices, but a 
small number ofprogrammers are able to 
take their computers home to work there. 

Because of a shortage of Western cur›
rency, most Soviet institutions get only 
one copy of BYTE, which goes in the li›
brary. When the issue arrives, Kotov 
says, a line of people forms to sign up to 
read it. Kotov says he and his colleagues 
refer to the magazine as "PlayBYTE, be›
cause it bas so many interesting things to 
look at." 

-FndLanga �
Editor in Chk/ �

(BIX name ’’flanga ") �
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MICROBYTES �

Staff-written highlights ofdevelopments 
in technology and the microcomputer industry 

Language Lets Anyone Do Windows, Develop Programs 
with Modern Look, Graphics Interface 

Developers at Camegie›
Mellon University in 

Pittsburgh say they’ve got a 
computer language that will 
let nonprofessional pro›
grammers write programs 
that use those hot graphics›
oriented features characteris›
tic of today’s operating sys›
tems, such as windows, pull ›
down menus, and multifont 
text. The language is cT, 
short for CMU Tutor. Tu›
tor was originally part of the 
PLATO educational system 
at the University ofJllinois, 
but according to Bruce 
Sherwood, associate director 
of Carnegie-Mellon� s Cen• 
ter for the Design of Educa›
tional Computing and one 
of cT’s developers, this new 
language goes far beyond 
the original. 

The language is "really 
designed for any kind of 
computer programming, in›
cluding research computing. 
It’s a general-purpose lan›
guage for any situation where 
you ’re going to have a mod›
ern user interface," Sher›
wood said. It’s also highly 
machine-independent, he 
said, because cT implemen›
tations are designed for font 
and graphics rescaling; the 
same cT source code will run 
on a Mac, a Sun, an IBM 
RT PC, and a microVAX›
and on most of those ma›
chines, Sherwood said, cT is 

the only language that lets 
ordinary people program 
using graphics and multi›
font text. 

"One way of describing 
Tutor languages is to say that 
their goals and methods are 
reminiscent of a very good 
BASIC," Sherwood said, 
but cT begins "from the ex›
pectation that you’re writ• 
ing a program for somebody 
else to use." For example, 
Tutor’s input statement lets 
the program not only get in›
put from the user, but also 
make sure it’s the right 
kind of input. "The program›
mer doesn’t have to do all 
the analysis to make the va›
lidity checks. You’re en›
couraged to look," Sherwood 
said. 

"There are five things 
any language has to do. Cal›
culate, display, sequence, 
analyze input, and read and 
write files . Where cT is 
strong is display, sequence, 
and analysis." 

A cT program consists of 
a set of root-level procedures 
called "units"; these can 
accept parameters by value 
or address and return a re›
sult. Units are linked with 
the commands next and 
previous: A user can pull 
down a menu and click on 
previous and review the pre›
vious unit. "With Tutor›
class languages, a program is 

really a whole archipelago 
of these unit islands, and 
there are some interesting 
structures between the is›
lands," Sherwood said. 

Source and execution 
windows are both active; be›
cause fonts and graphics 
can be scaled, you can see a 
miniature version of your 
execution window if you like. 
A programmer can select a 
source-code coordinate by 
clicking the mouse at a 
point in the execution win›
dow. There’salsoanon›
line reference manual, com›
plete with working 
examples that you can cut 
and paste into the source 
window and execute. "It’s a 
fabulous situation for pro›
gramming by example," 
Sherwood said. 

At Carnegie-Mellon, cT 
has been in use for a year, 
but it’s only now becoming 
commercially available. The 
Macintosh version, which 
runs on the Mac Plus, the 
Mac SE, or the Mac II, is 
$92.50 from cT Distribution, 
Center for the Design of 
Educational Computing, 
Carnegie-Mellon Univer›
sity, Pittsburgh, PA 15213, 
(412) 268-5638. An IBM 
PS/2 version will follow 
shortly, and a Unix version 
(running under X-Windows) 
should be available later 
this year. 

Texas Instruments Mixes GaAs and Silicon on Same Chip 

I n the chip-making busi›
ness, silicon and gallium 

arsenide (GaAs) are like 
water and oil-they just don’t 
mix. The standard ways to 
make chips from each sub›
stance are almost com• 
pletely incompatible; silicon 

chips use TTL-level inputs 
and outputs, for example, 
while GaAs typically runs 
at microwave frequencies. 
It’s only recently that one 
company, Gazelle, has created 
a GaAs cllip that can be used 
in conjunction with conven›

tional silicon chips. 
But Texas Instruments 

researchers have now demon›
strated the first ICs that 
contain both silicon and 
GaAs transistors on the 
same piece of silicon. Ac• 

continu1 

NANOBYTES 

� "Computer Chip 
Saves Nation from Attack 
of Killer Bees." We 
might be seeing that 
headline sometime in 
the future if researchers 
at a Martin Marietta lab 
in Oak Ridge, Tennessee, 
succeed in a project that 
will use a chip to track 
the infamous killer 
bees. The device, which 
a spokesperson said 
weighs " about as much as 
a grain of salt," will 
transmit an infrared sig›
nal that can be picked 
up as far as a mile away. 
Researchers, who want 
to monitor the mating and 
foraging habits of the 
aggressive creatures, have 
managed to glue the 
chips to captured bees, 
and the bees have been 
able to fly with the chips 
stuck to their bellies. 
The engineers hope to 
have a working trans›
mitter by next year. The 
deadly buzzers are pro›
jected to cross the Te.xas 
border into the U.S. in 
the next few years. 
� The new MatbStation 
program from MathSoft 
(Cambridge, MA) not 
only cuts coding chores 
but also lets you laser›
print a screenful of equa›
tions and formulas and 
get a page that looks like 
it came from a typeset 
textbook. The program, 
which is an interesting 
combination of page-lay›
out and equation-solving 
software, converts the 
material on screen (dis›
played in WYSIWYG 
style) to PostScript. 

You control the fonts 
and spacing. But the pro›

continued 

OCTOBER 1988 • BYTE 11 



MICROBYTES 

NANOBYTES 

gram also parses and 
compiles the equations 
you input, using the 
host system's FORTRAN 
compiler. MathStation, 
which company VP and 
MathCAD creator Allen 
Razdow said is based on 
the concept of an incre­
mental compiler, inter­
prets equations as math­
ematical objects and 
generates executable 
FORTRAN code, which 
can be used in other ap­
plications. Any equation 
can be converted into a 
FORTRAN77 routine, he 
said, freeing the user 
from such chores as cod­
ing and debugging. Al­
though the first version 
($9500 per license) runs 
only on Sun 3 and 4 
workstations, the com­
pany intends to do an edi­
tion for the Sun 386i. A 
Mac II version will have 
to wait until the ma­
chine supports X-Win­
dows, Razdow said. 
• Despite U.S. software 
companies swooping like 
Chuck Norris into Far 
East countries where pi­
racy is said to be ram­
pant, the problem of Ille­
gal copying is probably 
going to get worse , says 
one attorney who has 
studied the problem. You 
can go to Hong Kong 
and get Lotus 1-2-3, 
dBASE, Word, or other 
programs for about $6 a 
package, Los Angeles 
lawyer Mike Scott told us 
after a fact-finding mis­
sion to Hong Kong and 
China, neither of which 
has laws protecting soft­
ware copyrights . Soft­
ware pirating is worse in 
Hong Kong, where it's 
an industry controlled by 
organized crime, he 
said. Customers from the 
U.S., Australia, and 
Singapore buy suitcases 
full of software, Scott 
said. And a contact in 
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cording to Hisashi Shichijo, 
who developed the new pro­
cess along with Richard 
Matyi, "This means we can 
take advantage of the merits 
of gallium arsenide and sili­
con on the same chip." 

Shichijo said the new 
process is significantly more 
complicated than the Ga­
zelle approach, which will 
allow designers to mix 
GaAs and silicon chips on the 
same circuit board. The 
new TI process mixes the 
materials on the same chip. 
"A chip designer tradition­
ally has to choose between 
the two," Shichijo said. • 
"Gallium arsenide is faster, 
but it has problems-it's 
small, it's fragile, it 
breaks, it has defects-so it's 
not possible to build large­
scale circuits. What we've 
done is to deposit localized 
gallium arsenide films on a 
silicon substrate, so you can 
add GaAs devices or circuits 
to silicon circuits." 

This makes large-scale 
GaAs circuits practical, but 

because the silicon and 
GaAs circuits can be mixed 
on a chip, large-scale GaAs 
won't usually be necessary, 
Shichijo said. "You can put 
the GaAs where you'd really 
like to have speed, and use 
silicon for the rest of it." For 
example, silicon memory 
could incorporate GaAs con­
trol logic for better re­
sponse time; a dense silicon 
microprocessor might have 
an integrated GaAs register 
file or cache. 

In developing the GaAs­
on-silicon epitaxial growth 
technique, the TI research­
ers aimed to develop a pro­
cess that could be applied 
directly to high-volume pro­
duction. According to Rich­
ard Matyi, "Because silicon 
processing is extremely sen­
sitive to the presence of 
impurities-and GaAs essen­
tially represents an impur­
ity-we completed silicon 
processing before we added 
the GaAs. And although it 
would have been simpler to 
grow the GaAs atop the sili­

con in layers 2 to 3 micro­
meters thick, we decided to 
embed the GaAs islands in 
the wafer to produce a copla­
nar surface. Devices with 
such flat surfaces are easier 
and more cost-effective to 
manufacture in high volume, 
and they're more reliable." 

Shichijo said GaAs opti­
cal devices, such as lasers, 
could be included on silicon 
chips to speed up chip-to­
chip communication by a 
factor of IO. To demonstrate 
the new chip, the research­
ers produced several ring os­
cillators that mixed silicon 
CMOS and GaAs metal 
semiconductor field-effect 
transistor circuits. 

But some designers say 
GaAs has a long way to go 
before it's a commercially 
viable component of desktop 
computers. They think it 
will be a long time before 
chip makers can produce 
GaAs on silicon substrates at 
good yields. and they may 
never overcome problems in­
herent in GaAs circuitry. 

DCA/lntel Spec Could Mean Communications 
without Bit-Twiddling 

The new DCA/lntel 
Communicating Appli­

cations Specification 
(CAS), put into the public do­
main in August, could sim­
plify electronic com­
munications if enough 
hardware and software ven­
dors use it to develop com­
munications interfaces for 
use in their applications. 

CAS is a specification for 
writing code that intermedi­
ates between an application 
and a communications ser­
vice. Using CAS, applica­
tions can transparently direct 
output to the communica­
tions device in· much the 
same way that data is trans­
parently sent to a printer. 
The initial release of CAS 
supports communications 
only via facsimile modem 
hardware (such as Intel's new 
Connection CoProcessor). 

However, subsequent re­
leases will support Hayes­
compatible modems and 
PC-mainframe communi­
cations boards. 

A software developer can 
use the CAS to write a com­
munications program, 
which can be integrated with 
the primary application. 
Symantec has already inte­
grated CAS functions with 
its Q&A software, allowing 
Connection CoProcessor 
users to transparently send 
Q&A fiJes to other fax ma­
chines by selecting a menu 
option from within Q&A. 
Other software vendors, such 
as WordPerfect, Borland, 
Lotus, and Ashton-Tate, said 
that they will support the 
CAS. 

The CAS consists of two 
hardware-independent soft­
ware components. The Res­

ident Scheduler controls the 
destination and scheduling 
of file transmissions between 
the sender and the recipi­
ent. The Transfer Agent, 
similar to a device driver, 
handles the details of con­
necting to the recipient, en­
suring accurate data trans­
mission, and disconnecting 
from the communications 
session. CAS provides 
rules, codes, and functions 
for implementing the sched­
uling and device driver tasks. 

Widespread support of 
CAS could have a major im­
pact on the often-incompat­
ible world of electronic com­
munications. One company 
is working on using CAS and 
the Connection CoPro­
cessor as a gateway to allow 
remote users to access 
LANs at 9600 bps. With 

continued 
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stance, for a precision equivalent to 64 
bits, or 19 decimals, only rational num›
bers can be used whose denominators 
contain no prime factors larger than 22. 
Prime-number denominators of more 
than 5 digits can’t be gotten through, not 
even on the biggest computers, within an 
acceptable lapse of time. 

I think an easier, but less interesting, 
way of exact calculation with fractions is 
to simply store the numerator and de›
nominator separately. Memory use and 

execution time then remain of the same 
order (say, 3 or 4 times as much) as with 
normal floating-point calculation. 

Even then, error-free fraction calcula›
tion is not useful , because the improved 
precision is of no importance compared 
to the loss of speed-except in very spe›
cial projects. Mr. Wayner’s examples of 
errors in floating-point calculation are 
:ather far-fetched , whereas his results by 
using factorial-base notation deal with 
denominators that are composed of very 
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small prime factors only. 
The article is interesting for two rea›

sons. First, the mathematical theory is 
explained in a clear-cut way. Second, it 
illustrates an amazing lack of contact, on 
the whole , between mathematics and 
computer programming , apart from 
small circles of super specialists. In high 
school and college, very little is done 
on behalf of this (I’m speaking of Hol›
land, but I suppose it’s the same in the 
U.S.). 

Derk Boonstra 
Amstelveen, The Netherlands 

You Can’t Be Too Careful 
I have a few comments on articles in the 
June issue. 

Regarding "Computers on the Brain, 
Part l " in Ciarcia ’ s Circuit Cellar : 
Warnings notwithstanding, an electrical 
device attached to the human body 
should include isolation as close to the 
signal source (i .e., flesh) as possible. 
Burns have been documented resulting 
from battery-powered, FDA-reviewed, 
professionally manufactured medical de›
vices; the potential is certainly greater in 
the case of a hobbyist-constructed (and 
possibly hobbyist-modified) device. 
Would opto-isolation be possible before 
the preamps? 

Now on to my second comment. Peter 
Wayner’s "Error-Free Fractions" as ›
serts that "it ’ s hard to tell if 501 / 1024 is 
greater or less than 5203/ l 0456 without 
calculating the quotient. " In fact , com›
paring ratio-represented real numbers 
simply requires a common-denominator 
cross-multiplication and comparison: 

Given � ri = ni I d 1, di > O; 
r 2 = n2 I d2 , d2 > O; 

Let � Pi = ni X d z, 
Pz =n2 X d 1; 

If � Pz >Pi. then r 2 > r 1, 

Else if �p 2 <Pi · then r 2 < r i. 

Else � r2 = r 1. 

In this case, Pi = 501 X 10456 = 
5238456, and p 2 = 5203 x 1024 = 
5327872; p 2 > p 1, so r2 > ri. By stipu›
lating that the sign is carried in the nu›
merator and the denominator is always 
positive, this operation works for arbi›
trary real numbers . Thus, the cost of 
comparison is two integer multiplies 
(with double-precision products) and one 
double-precision compare. 

James L. Reuss, Ph .D. 
Boca Raton. FL � 













CHAOS MANOR MAIL 

ing observat ion." 
I don’ l Ii ke to be judgmental, but I fear 

Mr. Goodyear is guilty of leading the 
gullible down that well-known garden 
path . What makes " users" and " busi›
nesspeople" mutually exclusive? If you 
accept that premise, then you enter the 
garden. 

The absence of Mac clones is another 
misleading premise. What are GEM and 
Microsoft Windows if not user interfaces 
that copy the look and feel of the Mac’s 
operating system? 

What inspired the Commodore Amiga 
and Atari ST series? 

And what is all this about an OS/2 for 
the new IBM systems that has something 
cal led the Presentation Manager? Could 
it be that it wil I use a mouse and have the 
look and feel of a Mac interface? 

Looks like some businesspeople are 
about to become users. 

Brian Farley 
Saipan, Mariana Islands 

Actually, it will have a mouse and the 
look and feel of the Lilith, or perhaps 
early Xerox systems .. .. 

1 keep trying w start the rumor that 

Apple is going lo sue Xerox for look and 
feel. - Jerry 

Computing on the Go 
Dear Jerry , 

I’ m writing in response to the letter 
from Bren Jacobson ("Floatable Com›
puter? " March, page 36) , who wants LO 

use a computer in a boat. I can ’ t offer 
much about corrosion problems, but I use 
computers in motor homes . 

People have tried 12-volt DC battery 
voltage for the drives, plus a few resistors 
for the 5-V circuitry. And I’ve found 
problems because cheap power supplies 
often depend on one load to balance out 
another. Then there are all those voided 
warranties. 

My ancient CP/M machines would 
run on a one-lung light plant, albeit with 
a flickering CRT that could provoke ter›
minal mal de mer. But when I went to a 
hard disk, a mechanically governed al ›
ternator just couldn’t hack it. Nor could a 
hard disk endure prairie summers with 
power lines harvesting every lightning 
strike from Vancouver to Halifax. Prob›
lems were exacerbated by RV parks with 
inadequate wiring. Somebody plugs in 

one more coffee maker, and there go the 
last LO pages .... 

Five photovoltaic panels and four 
deep-cycle batteries just about break 
even for boondocking in the desert. 
This, of course, also maintains lights , 
swamp cooler, TV, CB, water pumps, 
furnace fan , and all the usual hardships 
of wilderness life . 

The 1-k ilowatt Vanner inverter tu ms 
12-V DC into 110-V, 60-Hz, pulse-width 
modulation with 87 percent efficiency, 
and it will drive any small computer 
more dependably than most electric com›
panies. It will a lso drive kitchen appli ›
ances for short periods . It cost $1000 2 
years ago, and now it sells for $500. 

G. C. Edmondson 
lakeside, CA 

From what J've seen you do over the 
years, you probably have more experi­
ence at mobile computing than anyone 
else in the world. Thanks for sharing it 
with us. -Jerry 

Should We Worry about Viruses? 
Dear Jerry, 

My wife and I work at home in south-

INDUSTRIAL STRENGTH �
OOPS. �

You have three options in today’s world; lead, 
follow or get out of the way. You’ve already 
taken a leadership position in hardware with 
the latest 286 or 386 system. Now you can use 
that triple-digit architecture to blast ahead of 
the pack with the most powerful new Object 
Oriented Programrning (OOPS) software on the 
market: Smalltalk/V286. 

Smalltalk/V, the original OOPS tool for 
the PC, gave scientists, engineers, program›
mers and educators a brand new way to solve 
problems. And soon they were developing 
exciting new applications in everything from 
economics to medicine to space. 

Now Smalltalk/V286 gives you true 

between DOS, OS/2 and Presentation 
Manager operating environments; integrated 
color graphics; a rich class library; and access 
to 16 MB of protected mode memory, even 
under DOS. 

The new Smalltalk/V286, which is even 
easier to learn and use than Smalltalk/Y, retails 
for just $199.95. Or you can buy Smalltalk/V, 
still the world’s best selling OOPS, for only 
$99.95. And both come with our 60 day money›
back guarantee. 

Check out the new Smalltalk/V286 at 
your dealer. If he doesn’t have it, order toll free, 
1-800-922-8255. Or write to: Digitalk, Inc., 
9841 Airport Blvd., Los Angeles, CA 90045. 

work station perfom1ance with industrial And let us put 
strength capabilities like: push-button you ahead of the SmaJl�-11./V 286
debugging; multi-processmg; portability power curve. ,ldll( 
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ern France, and , having ju t bought two 
20-MHz Compaq 80386 computers, we 
are wary of installing French Minitel in­
ternal modem cards for fear of malicious 
computer virus programs that spread 
through networks and destroy data on 
hard disks. 

We heard about vi ruses in a Herald 
Tribune ar ticle (February 1, 1988) that 
mentioned a preventive program called 
Data Physician , edited by Digital Dis­
patch in Minneapolis, Minnesota. 

How serious is this problem, and does 
the program work? 

Peter Clark 
Forcalquier, France 

Well, compwer virnses are indeed real 
enough, but the best preventive is to be 
sure you don 't put unknown software into 
your machine. There are also a number 
of companies that sell virus protection 
programs; just how badly you need one is 
a matter ofjudgmelll. - Jerry 

QuickBASIC 3.0 versus 4.0 
Dear Jerry, 

I can't agree with your praise of the 
QuickBASIC 4.0 debugger (Computing 

at Chaos Manor, March) . You did note its 
weakness-you can't see the trace and 
the output at the same time. What you 
probably fail to realize is the intense in­
convenience this causes , with seemingly 
dozens of strokes to go between tracing 
and viewing the output and back. When 
tracing, the output does appear for a 
fraction of a second with each PRINT, as 
you note , but you didn't emphasize how 
visua lly annoying it is . Further, it is too 
fast to serve any purpose at all. 

I wrote an impassioned letter to Bill 
Gates about this problem, and I even re­
ceived a telephone call in response 
(though not from him) . I simply refuse to 
use version 4.0 until this is corrected. 
(The 3.0 trace is quite workable. In fact , 
version 3.0 is quite good.) 

I just tried to use the 4.0 debugger 
once again, but it 's still terrible. I'll just 
have to forgo the goodies like the record 
structure until Microsoft fixes the cru­
cial debugging operations. 

There are some factual errors in your 
column. Fi rst, QuickBASIC will accept 
the one-line IF ... THEN . . . ELSE 
structure you worked so hard to elimi­
nate. Granted, it's unreadable, but the 

compiler rejection is limited to Turbo 
Basic and is a drawback to using that lan­
guage if you're running old programs. 

Second , QuickBASIC (including 4.0) 
still supports use of the same name as­
signments to different types of variable. 
Thus, you can indeed declare TEACHER, 
TEACHER$, TEACHER#, and so on . Your 
problem was that the error duplicate defi­
nition is a bug. The correct error, which I 
found by using 3 .0 with your problem, is 
missing =. Add the =, and the error 
changes or disappears . 

Peter J . Lunde 
West Simsbury, CT 

I haven 't had the debugging problems 
you have, and with QuickBASIC 4.0's 
ability to step through code, set break­
points and history, and the rest of the 
goodies, I nwch prefer it to Quick.BASIC 
3. 0: but everyone to his own taste. 

You 're right: Quick.BASIC will take 
one-line statements; I'd already cleaned 
them up to get them through Turbo Basic, 
so I never even tried them on Quick­
BASIC. Your other point is correct, too, 
as I found out just after I approved the 
galleys ofthe article. Oh , well. - Jerry • 
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BASIC calls to the port addres produce 
nothing on OUT instructions, and INP in›
structions seem to indicate that the bus is 
still "floating." It’s as though the port 
address is not being decoded . I have 
limited test equipment, but supply volt›
ages seem correct on the card. I swapped 
all duplicated components with the old 
working card from the TRS-80, which 
continues to work, leading me to believe 
that the components are fine. I’ve even 
checked the point-to-point wiring I used 
nn the project; nothing seems amiss . 

Since this is my first (and only) project 
on the PC-bus, I’m not sure about the 
logic 1used. I suspect I may be overlook›
ing some glaring design error. When I 
first tried the circuit , I didn’t decode the 
AEN (addre s enable) line . The com›
puter failed to boot properly, which 
showed me the importance of that line. 
Are there any other important things I 
need to consider? 

Victor H. Klein II 
Newton, PA 

Debllgging logic at long range is al­
ways a li11/e tricky, particularly if you 
don 't have a scope to see what's going 
on. Without going back through the specs 
again, I bet that old speech generatorjust 
can 't keep up with the new bus speeds. 
Probably the best way to get your circuit 
working is to hitch it 10 a parallel port 
where it's isolated from rhe bus and you 
can use a voltmeter to check the voltage 
levels. 

The idea is fairly simple: The data in­
puts come from the printer data outputs, 
the WR signal is the pri."lter 's strobe. and 
the INTR bit goes back imo the primer's 
BUSY line. In your case, you can use one 
ofthe primer port's control output.I' to di­
rectly select which ROM bank ro use. Sec 
table I for a diagram ofthe connections. 

Table I: Port comiectionsfor 
MM54104. 

Printer Description 
port pin 

1 WR to MM54104 pin 1 �
2 DO (least significant bit) �
3 01 �
4 02 �
5 03 �
6 04 �
7 05 �
8 06 �
9 07 (most significant bit) �

11 INTR from MM54104 pin 6 
1 7 ROM select to LS 1 39 pin 3 
18 Logic ground 

Remember to disco1111ect your existing 
circuitry from the pins that connect di­
rectly to the printer port. You'll also need 
to come up with a power supply, but a 
simple wall transformer with a 9- or 12›
volt DC ourput will suffice. Wrap a box 
around the whole affair and stick the 
speaker on top. 

The next trick is to figure out the 
primer port address. The fastest and 
least ambiguous way is to use DEBUG, 
which is an experience everyone shollld 
have at least once. Fire up DEBUG, type 
D40 : 8L6, and press the Enter key. You'll 
see something like this: 

0040: 0008 BC OJ 78 OJ 78 02 

Each pair of hexadecimal numbers 
after the address corresponds to a printer 
port address. The above string of pairs 
shows three printer ports: LPTJ uses 
03BCh , LPT2 uses 0378h, and LPT3 uses 
0278h. Your system addresses may differ, 
but the ports are always LPTJ , LPT2, 
and LPT3, in that order. A11y ports that 
aren't installed will be 0-you can't use 
such ports for output. 

Decide which printer port you want to 
use, and write down its address. Most 
people use LPTJ for a real printer, so 
you'll probably want to use LP12 and 
LPT3. Buying a primer card just for the 
speech system might be a good idea if 
you 'vc got only one now. (I'm pretty sure 
the Tandy 1000 will take a standard 
printer card.) 

Let's suppose you set up the address 
and word number like this (I haven 't 
checked this BASIC code out, but it 
should get you .warted): 

MMPORT = &H0278 
MMWORD = 0 

Then, to get the system to say the word, 
use 
OUT MMPORT, MMWORD 
OUT MMPORT+2, 1 
OUT MMPORT+2,0 

The ROM banks are selected by bit 3 in 
port MMPORT+2, so to sclccr rite other 
bank, use MMROM = 8, and say the word 
using 

OUT MMPORT, MMWORD 
OUT MMPORT+2, l+MMROM 
OUT MM PORT, MMROM 

I'll avoid telli11g yo11 which bank is 
which, because that bit gets inverted at 
least once between BASIC and the decod­
er. The odds are that I'll be wrong no 
matter what I say. 

To check the status bit and loop umil 
it's 0, use 

1000 IF INP(MMPORT+l) AMD &HBO �
GOTO 1000 �

There's also a 50-50 chan ce I've 
messed up the BUSY bit, so ifthat gives bi­
wrre results , try checking for a 0 bit in­
stead ofa I bit. The same logic applies if 
you write the code in Pascal, C, or as­
sembly language: Put the word n11mber 
out to the port, then toggle the strobe bit. 
All the usual PC languages can handle 
direct port 110, so you shouldn't have any 
trouble. - Steve 

Printing in Reflected Type 
Dear Steve, 

I am looking for a program that will 
enable me to print a page of text (eventu ›
ally with some pictures) in reflected type 
(using a laser printer or dot- matrix 
printer) . I need reflected lype because 
the output is printed on a particular type 
of film that is exposed afterward . Cur›
rently , my colleagues and I simply print 
the usual way and reverse the film after 
encountering the characters . 

If the type were reversed, we cou ld 
place the film right, and since the light 
would pass through the film before en›
countering the characters, no di tortion 
would occur. 

I’ve sent inquiries to several CAD 
firms and have been told that their pro›
grams wouldn’t be able to handle text , 
because of problems with "reference 
points"- whatever that means. 

Desk top PubIish i ng packages 1i kc 
PageMaker and Ventura can’t help me 
out, either, at least not here in Belgium . 
Have you ever heard of a software pro›
gram that could help me? 

Paul Verbinnen 
Brussels, Belgium 

I have not seen soft ware that will print 
reflected type in a way you need. I have 
seen ads for graphics programs that do 
this in a limited way, but it appears to me 
that you need two things: a program that 
will transmit the characters to the printer 
in reverse order, and a set of reversed 
fonts for your printer. Since you are wor­
ried about the distortion caused by trans­
mitting the image thro11gh the film. I as­
sume you won't be satisfied with the 
relatively low-quality fonts you could 
make and download to an Epson or com­
patible primer. Even the 24-pin models 
only accept characters defined in an 18 
by 24 dot, about half the number avail­
able in laser primers. 

comi1111ed 
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DAZZLING PERFORMANCE. �

'286/ SS 

COMPLETE 12MHz '286 
WITH 32MB HARD DRIVE 

ONLY $1295.00 
• 80286CPU 8/12.5 MHz Dual Speed, KeyboardSeleclahlc. 
•Zero-Wait Stale RAM, 512K expandable lo 4Ml3 on the 
molherhoarcl {16MB System 1olal). 
• 32MR Ilard Drive l.2MB rloppy Drive. 
• ltra high speed 1-Iarcl/Ploppy conlrollcr. 1:1 interleave, 
800 KB/sec transfer rate. 
• Migh Res 12" Amber Display wilh Tilt and Swivel Base. 
Compat ible graphic controller. 
• ZEOS Enhanced Keyboard, Pleasant 'fact ile/Click Feel. 
• Seria l and Parallel Printer Port . 
• Clock/Calendar wilh Uallcry Backuf). 
• 6-16 and 2-8 bit expansion slots. 
• 80287 upport , up lo 12 Ml lz. 
• pace Sa\ er Case with ecurity Lock, LED indicator . 

12MHz 16MHz and 20MHz 
'286 HARD DRIVE SYSTEMS 
As high as 20\llllz! Dazzling performance is )Ollr with 
one of these high 1>erformance full size ZEOS '286 Systems. 
Each comes complete with our tandard features includ­
ing cl rive , monilor, high speed conlrollcr, etc. Our full 
size case features room for up lo 5 half-high drive , two of 
which arc internal. Incrcclible values. 
• 286/12 -Complele 12.5MHz System with 512K of 
Zero-Wail I \M, High peed 32MB, 33ms I lard Drive and 
all the standard ZEOS goodic, . ONLY $1395.00 
• 286/16- omplete 16MHz system with 1\t!B RAM on 
board and Iligh Speed 32MB Hard Urive. Aisler th;m ii 
'38() 16MI lz when running H:>-bil software! 
ONLY $1895.00 
• 286/20-Al 20MHz, il 's lhc fastest. Complete wit h our 
:l2 1B, 33m Hard Drhe and J·WB RAl\11. This i what 
Dazzling Speed i all about. ONLY $2095.00 

'2 86/ FS 

DAZZLING PERFORMANCE. 
INCREDIBLE PRICES. 

Can you believe it? les, 
you can/ 

We've proven it to thou­
sands and we would like to 
prove it to you. ZEOS&sys­
tems are sold cornplete, ready 
to plug in and fly right out 
of the box. And the quality 

and prices are incredible. 
How is it possible? 

Because your ZEOS com­
puter comes to you factmy 
direct, fully assen1bled, 
bw·ned-in and tested in our 
own laboratories. Every 
system is built to order. 
Custom built actually; right 
to yow· own specifications. 

And our quaJ ity and per­
formance are econd to none. 

We don't just say it. We 
guarantee it. That's why 
your new ZEOS system 
con1es with a Full One Year 
Limited Warranty and otrr 
30 day Full Refund Satis­
faction Guarantee. 

So pick out yolrr dream 
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BOOK REVIEWS �

The Conquest 
of the Microchip 
by Hans Queisser 

Harvard University Press, 
Cambridge, MA : 1988, 
272 pages, $24. 95 
(hardcover) 

Reviewed by Hugh Kenner 

N ature 's wonders include 
rocks you can see 

through - pieces of c lear 
quartz . But how did they get 
here? Our forebears guessed 
that these clear rocks had once 
been .chunks of ice that myste­
riously survived in an altered 
state . So, borrowing Homer's 
word for clear ice , krysrallos, 
our ancestors taught us to 
speak of crystals. These had 
something to do with symme­
try; that was soon obvious. 
Look at the orderly shapes 
salts will assume as they 
"crystallize" out of water. 

By 1723 , crystallography 
was a name for a highly math­
ematical science. And since 
order seems a special case in a 
random universe, what better 
window onto future happen­
ings than a seer' s crystal ball? 
(No, I'm not being facetious; 
that was really the crystal 
ball'stheme.) 

Crysta II ine wonders kept 
multiplying. Around 1630, in 
Bologna, Italy, a shoemaker/ 
alchemist named Casciarolo 
chanced to make heavy stones 
glow with cold light. ("He had 
reduced barium sulfate to a 
sulfide, but that would not be 
understood for centuries , " 
says author Hans Queis er.) 
What he had discovered we 
now call phosphorescence and 
fluorescence. Today, "phos­
phors" coat an annual JOO 
million square feet ofnew tele­
vision tubes, and glass gets 
treated with crystallite pow­
der to make a billion fluores­
cent tubes besides. That's one 

way to indicate how much in the manner of Casciarolo, 
seeming magic we subject to kept chancing on curious ef­
routine control. fects no one could explain. A 

We can do that because main site of that crucial merg­
we 've merged quantum theory er was Gocttingen University, 
with solid-state physics, and where Queisser got his educa­
so we've worked ourselves tion. Later, he worked with 
free of an era when tinkerers, William Shockley in Silicon 

ALSO REVIEWED 

An lmroduction to Solid Modeling 

Programs and Data Srrucwres in C 

C as a Second Language 

Perceptrons 

BASIC Mathematical Programs for Engineers 
and Scientists 

Valley. At pre ent, he directs 
the Max Planck Institute for 
Solid State Research in Stutt­
gart, West Germany. Such 
credentials make his Conquest 
ofthe Microchip very much an 
inside story. 

The book could not be more 
engagingly written . Its narra­
tive commences with Gug­
lielmo Marconi , in 1914, di ­
liking the fact that his iron­
filing " coherer" (chanced 
upon in 1890 and not a t all 
understood) was an unreliable 
foundation indeed for the 
coming wireless industry. The 
future, it seemed , lay in a Ger­
man discovery, the crystal de­
tector, which wasn ' t under­
stood, either. How did it 
manage to defy Ohm's law? 
And why did some crystals 
work and others not? 

In fact, so mysterious was 
crystal behavior that Marco­
ni' s industry would soon be 
heading off on a long, clumsy 
vacuum-tube detour. Tubes 
used brute force; to get any re­
su lt at all , you had to heat a fi l­
ament red-hot. If that used up 
Niagaras of power, at least the 
tubes were reliable until they 
burned out- and they always 
burned out. The men who 
fired up the ENI AC computer 
(a base- JO machine, inciden­
tally) could never really guar­
antee that all 18,000 tubes 
were functioning at once . The 
one thing certain was the elec­
tric bill, based on a steady 
flow of 150 kilowatts. 

Crystal radios did s tay 
around, cheap toys for attic 
tinkerers . I remember buying 
a kit for about a dollar. Today 
I'm typing these words on a 
computer, vastly more power­
ful than ENIAC, that curbs 
ENIAC's appetite for wattage 
by a factor of 1000-for the 
crystal did return . 

It s comeback began at 
post- World Warl Goettingen, 
where Richard Pohl, unable to 

co111i1111ed 
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When you want to talk computers .... �
ATARI COMPUTERS AMIGA SOFTWARE MS/DOS SYSTEMS �

800XL 64K Computer ___ . __ .. _84.99 
130XE 132K Computer __ . .... 139.00 
520ST-FM RGB/Color Syst. ... 789.00 
1040ST Color System ........ .. Call 
SF1224 Color Monitor . . .... . 329.00 
XF551 Disk Drive (XL/XE) ... . 189.00 

Atari 800XL & XF551 Disk 
Drive & Software S279 
Includes: BOOXL, 551 Drive, & Star Raiders, 
Missile Command, Asterioids. Defender, Qix. 

AT ARI ST SOFTWARE 
Access 
Leaderboard Golf . . .. ... ... .. 24 .99 
Accolade 
Test Drive ... ............ . .. 27.99 
Avant Garde 
PC Ditto (IBM Emulation) ...... 64 .99 
Michtron 
Leatherneck .... _ . _____ . .. .. 29.99 
Sott Logik Corp. 
Publishing Partner .... ....... 64.99 
Timeworks 
Desktop Publisher .. . ..... . . .. 84.99 
VIP 
Professional Gem ........ .. . 119. 00 
Word Perfect Corp. 
Word Perfect. .. .... . . . . . . .. 189.00 

AMIGA SOFTWARE 

Mimetics 
Amigen Gen Lock ........... 159.00 
New Tek Inc. 
Dig i-View 2.0 .. . ... ....... .. 149.00 
Digi-Paint ..... ... .. ... . . .... 44.99 
Sub-Logic Corp . 
Flight Simul ator II ............ 39.99 
Word Perfect Corp. 
Word Perfect ... . .. . . . . ..... 199.00 

MACINTOSH PRODUCTS 

OLYMPIA 
NP-30 Mac 150 CPS s339 
Hard Drives 
CMS 
MacStack 60 ........... .... 899 .00 
Everex 
40MB SCSI .... . .. ......... 999.00 
60MB Tape Backup .... . . .. . 899.00 
PCPC 
MacBottom H045 ..... ..... 1149.00 
Floppy Drives 
Central Point 
Magnum 800k . . . . . . . ..... 209.00 
Mirror Technologies 
SOOK Floppy External ........ 199.00 
Monitors 
Network Specialties 
High Top FPO ... ..... . .... 1199.00 
Radius 
Full Page Display .. . ....... . 995.00 
Two Page Display ........ . . 1595.00 

v �

NEC APC-IV Powermate .... 2, 399 .00 
PC-TOO 80286 1.2MB, 512K . . 899 .00 
Zen ith Laptops . . . . . . . . .. . Call 

TOSHIBA 
T-1000 
Laptop s799 
MULTIFUNCTION CARDS 

AST 
6-Pak Plus 576 Board ....... 149.00 
Hot Shot 286 Accelerator .. . .. 349.00 
Hercules 
Color Card ..... ........ .... 169.00 
Graph ics Card Plus ...... .. . 199.00 
Intel 
Inboard 386 Board ...... .. .. 899.00 
5th Generation 
Logical Connection 256K . . ... 339.00 
Ouadram 
Quad386XT 80386 PC-Upgr. . . 899.00 
Video 7 
Vega V.G.A. Adapter .. .. .... 299 .00 
Zuckerboard 
Color Card w/Parallel Port ..... 89.99 

MS/DOS SOFTWARE 
Ashton-Tate 
d-Base Il l+ ... ..... .. .. . . .. 389 .00 
Borland 

Sigma Designs Quattro ........ . .... . .. .. . 169 .00 �
Laser View Display for II .... 1,749.00 5th GenerationAbsott 
Memory Upgrades Fastback Plus ... ..... . . . . .. . 89.99 �AC Basic . . ... .... . . . . . ... . 139.00 �
Dove Computer Fox Software 
Mac Snap 2SE . . .. . ........ 359 .00 

Aegis Development 
Fox Base & Development . .. 219 .00 An imator/Images . .. .. .... .... 89.99 �

Scanners IMSIDraw Plus ........... ..... . 149.00 �
AST Optimouse w/dr. Halo . . . . . . . . 89.99 Sonix ................. ..... 49.99 �
Turboscan . ............. . 1,349.00 � Logitec
Datacopy

Discovery Software 
Hi-Res Buss Mouse ....... ... 99.00 �Marander II .. . ... ........... 31.99 �

730 Flatbed Scanner ....... 1, 199.00 � Lotus 
Deluxe Video 1.2 . ........... 89 .99 Lotus 1.2.3 ............. . .. 299.00 
Gold Disk Software MS/DOS SYSTEMS Software Publishing 
Pagesetter w/Text ed . . ....... 89.99 

Electronic Arts 

First Choice .. . ........ ... ... 99 .99 �Ast Premium 286 & 386 .... . ... Call Word Perfect Corp . Micro Illusions IBM PS/2 25 , 30 , 50 , 60, 80 . .. .. Call 
Word Perfect 5.0 .... .. ... ... 249.00 �Dynamic Cad . .... .. ....... 349.00 � Leading Edge . . .. .. .... . ... 899.00 �

COMPUTER MAIL ORDER 
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...........When you want to talk price. �
MONITORS ,MODEMS � PRINTERS 

Anchor Atari 
Video 21 QA 12" Amber ....... 89.00 
Amdek 

6480 C64/128 1200 Baud ..... 99.99 XDM-121 Letter Quality XL-XE 209 .00 
Video 410 12"A/G/W .... (ea.) 139.00 520 ST520/1040 1200 Baud . . 129.00 XM-M801 XL-XE Dot Matrix . . . 199.00 
Magnavox 1200E 1200 Baud External ... 129.00 XM-M804 ST Dot Matrix . .. .. . 199.00 
7BM623 12" TIL Amber ..... . 99.00 Atari Brother
CM8505 14" RGB/Composite . 189.00 XMM301 XL/XE 300 Baud . .... 44.99 M-1509 180cps 132col. ... ... 389.00 
CM8515 14" RGB/Composite .269.00 SX-212 St Modem .. . ........ 89.99 � HR-20 22cps Daisywheel. .. .. 379.009CM053 14" EGA ...... .. . . . 379.00 

Avatex Citizen9CM082 14" VGA Display .... 459.00 
1200 He External ..... ....... 99.99 � 1200 120cps Dot Matrix .. . ... 159.00 NEC 
2400 External . . . . . . . . . .... 179.00 Premier-35 35cps Daisywheel . 479.00 GS-1400 14" Monochr. TIL .. 219 .00 

J C-1402 Mu ltisync-11 ... ...... 599.oo Best Products Epson 
Packard Bell 2400 Baud 112 Card w/sottware 149.00 LX-800 150cps, 80 col. ...... . 179.00 
PB-1418F 14" Flat TIL A/G/W ... .. . Everex FX-850 240cps, 80 col. . ........ Call �

. ... ... ... . .. ........ (ea.) 119.00 � Evercom 2400 Baud External . 209.00 FX-1050 264cps, 132 col .. .. ... Call 
PB-1420CG 14" Mid-Res CGA 269.00 LQ-500 180 cps, 24-wire . ... .... Call 
PB-1422EG 14" Hi-Res EGA .. 369.00 LQ-850 330 cps , 80 col .... , ... . Call 
PB-8426-MJ Uniscan Monitor . 399.00 LQ-1050 330 cps. 24-wire ....... Call�
Princeton Graphics FX-850, FX-1050 ..... .. .. . .... New
Max-12 12" TIL Amber .. ... . 149.00 Hewlett-PackardSeiko 2225A Thinkjet . .... .... .. .. 369.00 �CM-1430 14" VGA Display .. 

NEC 
P2200 Pinwriter 24-wire . ..... 379.00 
P660 Pinwriter 24-wire . . .. . . . 459.00 Anchor Lightning 2400 Fii P760 Pinwriter 132 col .. . . ... 679.00 

2400 Baud Internal S189 Okidata 
Okimate 20 color printer ... . . 129.00 

Hayes ML-182 180 cps, 80 col ...... 249.00 
Smartmodem 300 Ext. ....... 159.00 � ML-320 300 cps , 80 col . ... .. 379.00 
Smartmodem 1200 Int. . ... ... 279.00 ML-390 24 wire , 270 cps .. . .. 519 .00 
Packard Bell

Magnavox CM 8762 $ 1 200 External ..... , . .... .. .. 89. 99 �
14" RGB/Comp. 269 � 2400 External ... . .. ..... . . 169.00 

Practical Peripherals 
1200 Baud Internal . . . . .. 79 .99 DRIVES 2400 Baud Stand Alone ... ... 189.00 
Supra

Atari 2400AT 2400 Baud Atari ..... 169.00 
AA314 OS/DD ST Disk ..... . . 219.00 U.S. RoboticsSHD204 20MB ST Hard Drive . 619.00 

Direct 1200 Baud External . ... 109.00C.LTD (For Amiga) 
Direct 2400 Baud External .... 199.00 C.L TD 20MB (A2000) . ....... 769.00 �

100 cps, 
C.LTD 44MB (A2000) ...... . 1099.00 DISKETTES 
C.L TD 33MB (A2000) ........ 879.00 �

Dot Matrix s159 
C.LTD 50MB (A2000) .. .... . 1139.00 

PanasonicMaxwellC.LTD A500 SCSI Controller .. 179.00 
KX-P1080i 144 cps, 80 col .... 169.00 MD1-M SS/DD 51/a" ......... .. 8.49�Indus 
KX-P1091i 194 cps, 80 col .... 199.00MD2-DM DS/DD 5 Va" . .. ...... .9.49 GT Disk Drive Atari XL/XE .... 199.00 
KX-P1092i 240 cps , 80 col . . .. 339.00MF1-DDM SS/DD 3'12" ........ 12.49�GTS-100 ST Drive ... ..... .. 219.00 
KX-P1595 200 cps, 132 col ... 479.00 Racore MF2-0DM OS/DD 3112'' . 18.49 
Star MlcronicsJr. Expansion Chassis . .. .... 299.00 � MC-6000 DC-600 Tape ....... . 23.99 � NX-1000 140 cps, 80 col ..... 179.00 Seagate Technologies Sony NX-1000C C64/128 Interface .. 179.00 ST-225 20MB Drive ... . ..... 249 .00 MD1D SS/DD 51/2" .. .. .. .... . . 6.99 NX-1 5 120 cps, 132 col . .... . 329.00 Supra MD2D DS/DD 5 '12'' .... ....... . 7. 99 � ToshibaAtari ST 30 Meg Hard Drive .. 689.00 MFD-100 SS/DD 3 '12'' ........ 11.99 � P321 -SL 216 cps, 24-wire .... 499.00 Amiga 2000 20MB Hard/Drive . 629.00 MFD-200 OS/DD 3 '12'' ........ 16.99 � P351 -SX 300 cps, 24-wire .... 999.00 

Brother M-1109 

In the U.S.A. and in Canada 

Call toll-free: 1-800-233-8950 �
Outside the U.S.A. call 717-327-9575, Fax 717-327-1217 MMCEducational, Governmental and Corporate Organizations call toll-free 1-800-221-4283 � �M �l�t�:� �,�1 �\�J�L�:�O�M �l �~ �n� 11 

�~�H�\ �l�l �!�<� �f� l lN Lo COI JNUICMO, 101 Reighard Ave., Dept . Al , Williamsport , PA 17701 
OVER'350,000 SATISFIED CUSTOMERS • ALL MAJOR CREDIT CARDS ACCEPTED • CREDIT CARDS ARE NOT CHARGED UNTIL WE SHIP 

POLICY: Add 3% (min imum $7 00) shipping and handling. Larger shipmenls may require additional charges. Personal and company checks require 3 weeks 
to clear. For fas1er delivery. use your credil card or send cashier's check qr bank money order. Credit cards are nol charged until we ship. Pennsylvania residents 
add 6% sales tax. All prices are U.S.A. prices and are subjec1 10 change. and all items are sub1ect to ava1lab1hty . Defective soflware will be replaced with lhe 
same 11em only. Hardware will be replaced or repaired at our discreuon within lhe terms and limi ts of lhe manufac1urer"s warranty . We cannot guarantee com· 
pa11b11ity . All sales are final and re1urned shipments are subJeCI to a restocking lee . We are no1 responsible lor typographic or photographic errors. 

AllO 

Circl e 64 on Reader Service Card � OCTOBER 1988 • BYTE 57 
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