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Powerful. �

DPU card with error-correcling 
memory and controller cards 

68000-Powered for tomorrow 
Once again you get a big stride forward with Crornemco . 
This time it's our new DPU Dual Processor Unit. It gives 

enormous power to Cromemco computer systems such as 
our System One shown here . 

Compares with mainframes 
With the new DPU you get the almost unbelievably 

powerful 68000 processor and its 32-bit data -handling 
capabilities combined with its 16 Megabyte address space . 

In other words with the System One/ DPU combination 
you get a small machine that's the equal of superminis and 
mainframes in some areas . 

8-Bit and 68000 software 
The dual part of the DPU refers to its on-board Z-80A 

processor. With this you have access to existing CP/ M • 
software . 

But besides being compatible with this wealth of existing 
8-bit software , the System One/ DPU has available a whole 
family of new 68000 system software . This includes a wide 
range of high-level software such as our 68000 Assembler , 
FORTRAN 77 , Pascal , BASIC, COBOL, and C. 

Beyond all this there's a version for the 68000 of our 
widely admired CROMIXt Operating System . It's like 
UNIX+ but has even more features and gives multi-tasking 
and multi-user capability . In fact , one or more users can run 
on the Z-80A processor while others are running on the 
68000. Switching between the Z-80A and 68000 is auto · 
matically controlled . 

The System One itself is a bus-oriented machine that has 
options for color graphics , for 390K or 780K of floppy 
storage, a 5 MB hard dlsk option, communications capabil ­
ity , and multi-processor capability using our 1/0 processor 
card . 
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Photo 1: The Hewlett-Packard HP-75C portable computer. 

HP-41C); a 32-diaracter, liquid-crystal display (LCD) 
that serves as a window on a 96-character line, with 
character descenders; a hand-pulled magnetic-card reader 
that reads or writes up to l.3K bytes per card; built-in 
I6K bytes of RAM (random-access read / write memory) 
that can be increased to 24K bytes; three software­
module plug-in ports in the computer that accept SK- or 
16K-byte ROM (read-only memory) modules (With three 
16K-byte plug-in modules, the 48K-byte built-in operat­
ing system, and 24K bytes of RAM, the HP-75C's maxi­
mum memory is 120K bytes!); the ability to store pro­
gram files, data files, and appointment files in RAM - all 
such files can interact with one another; a built-in real ­
time clock; built-in HPIL interface loop (HP's new two­
wire serial interface loop for battery-operated con­
trollers) ; bui lt-in appointment modes with alarm; limited 
production of musical tones; and a range of off-the-shelf 
software for engineering applications, mathematics and 
statistics, electronic spreadsheets, and graphics presenta­
tions . The base price for the I6K-byte RAM unit is $995. 
(The C in HP-75C stands for "continuous memory.") 

Think about these features for a moment. They weren't 

even available in a portable computer five years ago at 
any price[ As the first of a series of portable computers 
from Hewlett-Packard, the HP-75C is only the beginning . 
No official details are available yet about future models 
in the 70 series . 

Hewlett-Packard makes a distinction between "hand­
held" and "portable" computers, the former referring to 
the HP-41C and its future kin (rumor has it that an HP­
42C is in the works) , the latter to the 70 series. In HP 
parlance, a hand-held computer is one you can literally 
hold in one hand . Portable, on the other hand (no pun in­
tended), refers to a small, transportable computer on 
which you can touch-type. The design goal of the HP­
75C was to make a computer as small as possible on 
which touch-typing is still feasible. 

After browsing through the thorough instruction 
manual for the HP-75C (it's up to the company's usual 
high standards for documentation), I auditioned the 
machine and was impressed. The keyboard is indeed 
suited for touch-typing -although marginally so for ex­
tended sessions. I wouldn't want to use the HP-75C for 
serious word processing. But then, it wasn't designed for 
that purpose. Its strong points are its portability and 
built-in BASIC (which is 10 times faster than the 
HP-41Cs RPN), both features that will make the machine 
popular with engineers and technicians who work away 
from the office. This machine would have made the 
perfect "electronic slide rule plus" for me in my engineer­
ing school days. My guess is that future machines in the 
70 series will have much larger LCDs and more "typable" 
keyboards. 

The company, incidentally, is encouraging outside 
software vendors to develop software for the HP-75C. As 
well , several peripherals have been announced for the 
machine, including a digital cassette drive, a video / TV 
interface to let you display up to twenty 32-character lines 
on a TV screen, two prin ters, a digital multimeter, and 
two video monitors. To come in early 1983 are a plotter, 
a modem, an HPIL to RS-232C converter, and an HPIL to 
HPIB converter. 

Computer So utions �
We sell Semi Disk �

for S-100 IBM Personal Computer �
TRS-80 Model 2 �

Computing has entered a new era : The SemiDisk era! No longer are you tied down by lhe speed of floppies or w inchesters. Your 
computer can operate many times laster with a Semi Disk . And with our self insta ll ing software it couldn 't be easier. Jusl plug in and hold 
onl No kidding ! Special prici ng : S1595 lor 512K Byte and S2495 for 1 meg Byte. 
Spec ifications : For information contact: 
TYPE: Semiconductor Disk Emulator computer Solutions 
CAPACITY: 512k or 1Mb Robert Pinkham 
POWER REQUIREMENTS: 0.6A (512k) 0.9A (1Mb) P.O. Box 931 
BATTERY BACKUP; 10-1 2V Unreg . (optional ) Hillsboro, OR 97123 

(503) 640-5665 
We also oller sales Information on S-100, Computer TAS·80. 
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Summa Cum Laude! �
Just three years ago, lntertec stunned 

the microcomputer industry when its 
SuperBrain ™ desktop computer gradu­
ated with honors ... outperfonning all 
the others by achieving the best price/ 
performance ratio in its class. Today, 
that scholastic achievement remains un­
challenged. At least until now.. . 

Announcing uperBrain ll n' ... our 
latest microcomputer marvel that's des­
tined to be the "Most Likely to Succeed" 
in the Class of '82. With thousands of 
SuperBrains in use worldwide, it's no 
surprise that SuperBrain II us rs have 
cilven our new model the highest honors 
yet. tandard features include a powerful 
64K of internal memory, a CP/M* oper­
ating system, a 24 line x 80 column 
display on a 12-inch non-glare screen, a 
full-featured ASCII keypad with operator 
convenience keys, twin Z 0 processors 
and dual RS-232 communications and 
printer ports. But SuperBrain 11 out-
marts its Clas of '79 counterpart by 

offering leaner pricing, more features and 
bettei' overall system peiionnance. ew 
SuperBrain II features include a faster, 
enhanced disk operating system, a li­
brary of new visual attributes including 
reverse video, below-the-line descen­
ders and impressive graphics capabilities 
and Microsoft' BASIC - all includ d at 
absolutely no extra cost! 

uperBrain U's internal circuitry has 
also been completely redesigned and is 
now computer tested to ensure optimum 
field reliability. Plus, there are four new 
SuperBrain 11 mod ls from which t o 
choose, offering disk storage capacities 
from 350K bytes to 10 megabytes! But, 
best of all, pri ces start as low as $2,495, 
including software! 

Of alJ the single-user microcomputers 
available today, our SuperBrain U is 
certainly in a class by itself. Not only 
does it outp1ice and outperlorn1 its com­
petitive classmat s, it' also backed by 
our comprehensive customer protection 

programs - depot maintenance, ex­
tended warranties, a satisfaction guaran­
tee and a factory sponsored users group. 
All in alJ, the SuperBrain W" represents 
the most incredible microcomputer value 
we've ever seen (or probably ever will 
see) in a long, long time. 

Contact your local dealer or caJI or 
write us at the address below for more 
infom1ation on our full line of single and 
multi-user microcomputers. A k for our 
SuperBrain 11 "Buyer Guide" and find 
out why so many microcomputer buy r_ 
who insist on quality and value . . . insi t 
on lntertec. 

2300 Broad River Rd. Columbia, SC 29210 
(803) 798·9100 TWX: 810-666-21 15 

Circle 227 on inquiry card. 
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Letters �

Dfgftal Shifts Royalty Polley 

In his May 1982 BYTE User's Column, 
Jerry Pournelle criticized Digital Research 
Inc. for charging run-time library licens­
ing royalties for programs written in that 
company 's compiler languages (see 
"Supercalc, Spelling Programs, BASIC 
Compilers, and Home-Grown Account­
ing," page 226). The article was apparent­
ly written prior to February 16, 1982, 
when Digita l Research announced it had 
dropped these licensing requirements. 

Independent software vendors (lSVs} 
no longer have to pay royalties to Digital 
Research for selling programs written in 
the company's compilers. In addition, 
ISVs who have already paid royalties may 
credit these amounts to future purchases. 

The languages affected by this liberal­
ized policy are PL/l-80, Pascal / MT+, the 
CBASIC Compiler called CB-80, and 
these languages' 16-bit counterparts. In 
addition, this policy applies to other run­
time library products from Digital Re­
search, including its programmer produc­
tivity tools, Access Manager and Display 
Manager. 

The three languages originated from 
three different companies: PL/ l-80 from 
Digital Research, Pascal/MT+ from MT 
Microsystems, and the CB-80 CBASIC 
Compiler From Compiler Systems. Each 
had its own licensing policy, so dropping 
the licensing requirements allows Digital 
Research to deal more fairly and consis­
tently with its customers. 

Dan Fineberg, Account Manager /Digital 
Research lnc. 

Franson & Associates 
800 Charcot Ave. #110 
San Jose, CA 95131 

Enhancements to AIDS 

George Wolfe's review of the A1DS 
(Assisted Instructional Development Sys­
tem) that appeared in the August 1982 
BYTE (page 408) was a welJ-written and 
accurate assessment of the program's 
capabilities. As a result of the review, we 
have initiated two major changes in the 
program. 

First, high-resolution graphics can now 
be used with the program. The graphic 
displays are easily accessed through an 
embedded control command that can ap­
pear anywhere in a lesson. Also, the dis­
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plays themselves can be created through 
any mt"ans at the user's disposal. 

Second, the time necessary to load 
questions has been reduced considerably 
so that students can spend more time on 
the lessons themselves. We feel this im­
provement is of great importance to edu­
cators, as it increases actual student time­
on-task when using the computer. 

One other development will be of in­
terest to BYTE readers: AJDS is now mar­
keted nationally by Zweig Associates, a 
division of Skillcorp Publishers. We are 
supporting the program through a net­
work of independent dealers and are in­
itiating an innovative user-exchange ser­
vice . 

Michael N. Milone Jr., Editor 
Skillcorp Publishers Inc. 
203 Eighth St. 
Honesdale, PA 18431 

Association Promotes �
Computers and the �

Humanities �

As the president of ACH (Association 
for Computers and the Humanities), I 
want to praise BYTE for the July 1982 is­
sue on Computers in the Arts and 
Sciences . Over the years, considerable 
work has been done in the arts and hu­
manities without receiving much pub­
licity. I want to inform the readers of 
BYTE about an organization in this area. 

ACH was founded to promote comput­
ing in the humanities, which includes the 
arts as described in the phrase "Arts and 
Sciences, " as well as the humanistic areas 
of the social sciences and the fine and per­
forming arts: dance, sculpture, music , art 
history, etc. ACH sponsors a major bien­
nial conference, the ICCH (International 
Conference on Computers and the Hu­
manities) . The next one, ICCH/ 83. will be 
held from June 6 to 8, 1983, in Raleigh, 
North Carolina. In addition to paper ses- · 
sions and exhibits of equipment and soft­
ware, we plan to hold juried exhibits in 
compu ter-assisted art and music. Anyone 
interested in attending or contributing to 
!CCH / 83 should contact Sarah K. Bur­
ton , ICCH / 83, FOB 5308, orth Carolina 
State University , Raleigh , NC 27650. 

Anyone who would like further infor­
mation about joining ACH should contact 
me at the address below or send $15 

(U. 5.) to Harry Lincoln , Treasurer, 
Department of Music, State University of 
New York, Binghamton, Y 13901. ACH 
members receive a djscount subscription 
rate of $15 (U. S.) for the journal Com­
puters and the Httmcmities. 

Mary Dee Harris Fosberg, 
Associate Professor, Computer Science 

Department of Mathematica.I Sciences 
Box 35 
Loyola University 
New Orleans, LA 70118 

Never Say Enough 

I read with great interest and enjoyment 
Professor Don Karl Rowney's article "The 
Historian and the Microcomputer." (See 
the July 1982 BYTE, page 166.) The efforts 
and advances in using computers for the 
social sciences are praiseworthy. and Pro­
fessor Rowney is entin,.)y correct when he 
says tha t there is much to be done, parti­
cularly in the areas of documentation and 
product information. 

However, he misses the fundamental 
aspect of the microcomputer revolution. 

ot only does the microcomputer decen­
tralize the means for solving problems, 
but it decentralizes the means for arriving 
at those means. Professor Rowney states 
that he has no plans to learn a computer 
language: "Having already studied Rus­
sian, French, German, Latin, Hebrew, 
and Greek, I think enough is enough!" 

This is the first time in my life I have 
ever heard an academician state that he 
believes that there is such a thing as 
enough knowledge. But beyond that, by 
refusing to take the few hours that it 
would require for such an obviously intel­
ligent person to learn a computer lan­
guage, Professor Rowney misses a golden 
opportunity to gain insight into the work­
ings of the computer. If he would, he 
could possibly come up with new methods 
of solving problems that might not occur 
to trained programmers, and he would 
unquestionably be able to communicate 
with programmers efficiently . 

I urge Professor Rowney and o thers in 
similar positions to learn something e>f 
programming, not to leave it to profes­
sional programmers. 

Lee Amon, Corporate Data Analyst 
The Center for Professional Adva.ncement 
POB H 
fast Brunswick, NJ 08816 







TeletekS SBC- I �
Just Met Its Master �

5Y5TEMA5TER® masters the 5-100 
bus and SBC-1 slaves! 

Te letek's 5Y5TEMA5TER® single 
boa rd computer i not only a 
stand-a lone computer, but is also 
the master control ler fo r running 
mu ltiu ser/mul tiproce sor y terns. 

SBC- I and 
SYSTEMASTER® 
A powerfu l combination 
from the 5-100 manufac­
tu rer that alway brings 
y u the best. 

TELETEK �

SYSTEMA5TER® b cornes the heart 
of a powerful and fast network of 
ind ividua l u r processors when 
used wi th Turbodo or Mi ro Mikes 
op rating ystems - up to 16 
u ers. R -422 capabi lity i avai l­
able w hen para l le l port are con­
nected to Te letek' PSC boa rd . 

Teletek' SBC-1, a boa rd designed 
for us in high p rformance multi ­
processing system , f atu res 64k or 
128k o f on board RAM, 64k RAM 
Cache Buff r for each user w ith 
Turbodos, and 2k FIFO. SBC-1 is 
the logical hoice for u e with 
5YSTEMA5TER®. 

9767 Business Pa rk Drive 
Sacramento, CA 95827 (916)361-1777 
Telex 4991834 TE LETEK 
Dea ler inqui ries invited. 
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Letters.................................................................. �

why can' t other companies do the same? It 
wouldn't have to be too technical , but 
merely some basic information about how 
to format disks, what the various oper­
ating system commands do and how to 
use them, how to copy and back up files, 
and so forth. It wou ld also be a fine idea 
tom ntion some good practices to follow, 
such as making plenty of back1..1ps often 
enough and how to find out whether or 
not you are going to run out of disk space 
when you would least want to . 

ln short. we feel that the field of elec­
ironics, computers, and, in particular, in­
formation handling is a very dynamic 
one , The manufacturers should realize 
that there is tremendous potentia1 in the 
fonn of first-time users, if they can come 
out wfth documenta tion that is both 
thorough and understandable , 

Please keep up the good work and high 
quality of BYTE magazine. I look forward 
to receiving fr every month for years to 
come. 

Jules K. Neuringer, President 
Porlronix Communications Inc . 
2106 Bath Ave . 
Brooklyn, NY 11214 

Maybe Smoke Got In His Eyes 

I read BYTE avidly each month and en­
joy it greatly. I cannot resist being one of 
the many (probably) who will write to say 
that the music pictured in photo 1 (page 
447) of the July 1982 issue is not "Home 
on the Range," but a modification of the 
first phrase of "On Top of Old Smokey ." 
(See 'Tuning Up the 1802," page 442.) 
This, of course, does not detract from the 
interest and utility of Art Makosinski 's ex­
cellent articlel 

John B. Schaefer 
Department of Physics 
Geneva College 
Beaver falls, PA 15010 

Another Name to Drop 

As Karim Alim expressed in his letter in 
the August 1982 BYTE, l. too , have en­
joyed Jerry Pournelle's User's Column. 
(See "What's the Story , Jerry ," page 30.) 1 
do not , however, share Mr. Alim '· con­
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cem about not being able to afford the 
equipment that Mr. Poumelle uses (if he 
wrote a.bout the machines 1 can afford, 
BYTE readers would grow bored with 
reviews of 10-year-old portable type­
writers) . 

With regard to Mr. Pournelle's name­
dropping: I hope that someday Jerry will 
drop my name to his friend Adam because 
I covet owning one of Adam' computers, 
so l have no objeclion whatever to Jerry's 
name-dropping . I also realize that 
coveting is a bad thing for someone in my 
profession to do, but honest is honest! 

Keep up the good work . Jerry! Mention 
my name the next time you see your old 
buddy Adam. 

Roland M . Brown lll, Pastor 
Rodgers Forge United 

Methodist Church 
56 Stevenson lane 
Baltimore, MD 21212 

Post-Warranty �
Service AppJauded �

I read BYTE magazine with what might 
be described as religiow; fervor, and I've 
noLiced that the Lett'ers section has recent­
ly carried severa l entries discussing many 
disturbing aspect;s of manufacturers' war­
ranties. r would like to describe a very 
positive experience that I had with a 
manufacturer and service cen ter. 

About 7 months ago, r purchased an 
IDS (Integral Data Systems) 560. The 
printer performed well for about six 
months, when su,ddenly the quality of the 
print deteriorateq. Naturally , I found this 
disturbing because I had only used the 
unit for , perhaps, the equivalent ot 40 
hours oF continuous use and the standard 
90-day warranty had long since expired. I 
called IDS on its t II-free customer assis­
tance number and spoke with a technician 
who patiently walked me through S<:veral 
tests. Though we isolated the problem to 
some degree, we were unable to rectify it , 
so the technician suggested I take the uni t 
to a factory-authorized service center for 
fu rther diagnosis and repair. 

1 called the ervice center and set up an 
appointment to bring the unit by for 
"walk-in" service on a Su nday . The 
owner-serviceman quickly identified the 
problem as a fau lty print head and he 
replaced it , He informed me thal the list 
price for replacement was about $ZOO, but 

he also noted the unit obviously had not 
been used very much and that , in his opin­
ion, the failure was probably due to a 
manufacturer's defect. He volunteered to 
call IDS and reque:;t tha t the work be 
covered under warranty . IDS agreed with 
his assessment over the phone. 

Needless to say, l am quite p leased. I 
think both ms and the service center 
should be: acknowledged for their excep­
tional ly flexible and fair treatment. I am 
hopeful that they will set a standard for 
the persona] computer industry . 

Cortis Cooper 
2-37 Burleigh 
Bangor, ME 04401 

Maintenance Concern Covers 
Canadian Computers 

Jn reference to Lewis A. Whitaker's ex­
cellent article ''Maintenance Alternatives 
for Persona] Computers" (June 1982 
BYTE, page 452), may l offer some Infor­
mation on a third-party maintenance 
alternative for BYTE's Canadian readers? 
Because the· maintenance companies men­
tioned in the article (TRW, Dow Jones, 
and Sorbus) do not operate to any degree 
in Western Canada, BYTE readers may be 
interested in knowing that professional 
computer service is available from Data­
tech Systems in nine major cities across 
Canada. Datatech has been in the com­
puter business siace 1963 and offers both 
field and depot :;ervice on a wide variety 
of computer products. 

Steve Glover, Field Engineerlng 
Representative 

Datatech Systems ltd. 
1095 McKenzie Ave. 
Victoria, British Columbia VSP 2L5 

No Sale-No Support 

This is in response to the letter by Mr. 
William D . Maudlin of Broadcasting / 
Recording Productions regarding the deci­
sion by Apple Computer to discourage 
mail and phone discount sales of its prod· 
ucts. (See 'No Discount-No Sale," July 
1982 BYTE, page 31.) 
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Review , September 1963). 1 heartily 
recommend this article to those just learn­
ing CPM. The program ran flawlessly , but 
it lacks a feature that I have incorporated 
and present here for BYTE readers (see 
listing 1). 

The Slack Time calculation performed 
by the BASIC program is the same vari­
able as Total Slack cited in the Harvard 
Business Review article. This number is 
the total amount of time an activity may 
slide without forcing a delay of the overall 
project-completion date. Such a number is 
useful when tight control can be kept on 
those activities that follow the delayed ac­
tivity . 

However, in the real world, delaying 
the start of an activity often affects its cost 
and its duration (due to availability of 
manpower, for example ). What the pro­
ject manager needs is a figure that in­
dicates how much an activity may slide 
without impacting the Early Start T ime of 
subsequent activities. This number is 
described in the Harvard Business Review 
article and is known as Free Slack. By 
definition, it cannot exceed Tota l Slack 

Listing 1 
60 DlM A$(D% ,2),A(D%,14),SV(l2) 

1301 REM FREE-SLACK VARIABLE CALCULATONS 
1302 F'OR l= l TOM% 
1303 MIM =99999 
1304 F'OR J= I TOM% 
1305 IF A(l ,2) =AO, 1) AND A0 ,8J< MIM TH EN M1M"' A(l ,8) 
1306 NEXT J 
1307 ff MIM > 99998 THEN A(l.1 4) "'O ELSE A(l,14) =MIM - A(l,9) 
1308 NEXT l 
1320 PRINT"CODE DESCRIPTION USED EARLY EARLY LAST LAST 

TOTAL FREE" 
1330 PRINT" TIME START FIN STAR T FIN 

SLACK SLACK" 
1385 PRINT USING C5$;A(l ,14); 

and, most often , it will be less than the 
Total Slack. 

By making just a few changes to the 
Zimmerman and Conrad BASIC pro­
gram, Free Slack calculations can be 
added to the already powerful scheduling 
tool. The revisions are shown in listing 1. 

When applied to Zimmerman and 
Conrad's test data, running a normal time 
analysis yields some interesting Free Slack 
times. For instance, activity F appears to 
have a Slack Time of 39.7 weeks. Yet the 

Free Slack figure reveals that a slide of 
only 23.7 weeks can be allowed without 
affecting the Early Start times of activities 
M and 0 . This is not an attempt to prove 
that either slack-time calcu lation is the 
more important . However, having both 
calculations available certainly increases 
the utility of the CPM program. 

Chip Getter 
21 Bayberry Lane 
New Rochelle, NY 10804• 







The Third NCGA and the Future �
of Computer Graphics �

A survey of the current state of computer graphics. 

Drafting Dan never materialized, 
but a lot of his relatives did. 

For those of you who haven't read 

Alexander Pournelle 
c/ o Workman & Associates 

112 Marion Ave. 

the first step when I'd bought a $99 
surplus monitor a month earlier. But I 
couldn't afford a Microangelo graph­

Robert A. Heinlein's Door into Sum­ Pasadena, CA 91106 ics board from Scion or any of the 
mer, Drafting Dan was a cross be­
tween a typewriter and a drafting 
board. And since I've never been very 
good at drawing except with a T 
square, I've always been interested in 
something that could do what Draft­
ing Dan did. As a resul t of this, and 
because I'm also interested in film­
making, another industry tha t's 
becoming increasingly compute r­
dependent, I was especially eager to 

attend the third annual meeting of the 
National Computer Graphics Associ­
ation (NCGA) in Anaheim last June. 

Basically, I went to see what the 
normal BYTE reader might go for: 
upgrades for my personal computer, 
a California Computer Systems 
machine named Helen. I had taken 

other boards for the S-100 bus, such 
as those from Cambridge Graphics 
Lab or Digital Graphics. I did, 
however, have faint hopes tha t some­
one would unveil a cheap add-on 
graphics system. And there was 
another economic justification: I'm 
addicted to Atari's arcade game 
Tempest, and I'd like to save my 
quarters . 

Unfortunately , it took only abou t 

A picture generated on a Raster Technologies grap/1ics terminal. You might see similar computer-generated pictures used as 
backgrounds in Revenge of the Jedi (th e next Star Wars episode) . George Lucas !tas invested !teavily in computer graphics. (Plioto 
courtesy of Raster Technologies.) 





Exciting new ca pabi lities can b lossom In your lab-when 
you automate it wi th the DAISI family of data acquisition 
peripherals for your Apple Computer. 
DAISI interfaces. from Interactive Structures. turn your econom­
ical Apple into a personal electronic lab assistant. DAISI prod· 
ucts are designed to read instruments and sensors. control 
temperature and pressure .. . with reliability and precision. 
Here's a rundown on some_DAISI interfaces 
Al13, 12-Blt Analog Input System- $550 
• 16 input channels • 20 microseconds conversion time. 
At02, 8·Blt Analog Input System- $299 
• 16 input channels • 70 microseconds conversion time. 
A003, 8-Blt Analog Output System- $195- $437 
• up to 8 independent channels • range and ottset adjustable. 
DI09, Digital Interface with Tlmers- $330 
• timing and interrupt capability • direct connection to BCD 
d ig its. switches. relays. 
Don't settle for ga rden variety equipment for your laboratory 
applications. Get the best- at a great price. Pick o DAISI! 

Call us for the DAISI dealer near you. 

Interactive Structures Inc. 
146 Montgomery Ave. 
Bala Cynwyd, PA 19004 
(215) 667-1713 

All DAISI lnlerfoces come 
complele wllh coble, In· 
slrucliono l diskette ond 
comprehensive monuol. 
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20 minu tes to see every thing I could 
afford. Out of the 162 booths, very 
few were offeri ng affordable 
machines. But I thought I might as 
well get my money's worth , and I saw 
the rest of the show because I may be 
able to buy something next year; 
prices seem to be about ready to 
plummet. 

The show's focus was high-priced 
machines and high-budget com­
panies; there was little interest in con­
sumer graphics. Most of the equip­
ment for sale started at $15,000 and 
went quickly upward. 

Some of these systems were expen­
sive vector systems, but the focus of 
this article will be on raster-based col­
or graphics. (Raster scanning draws 
pictures like your television does; an 
electron beam scans hundreds of 
horizontal lines from left to right. 
Vector graphics can draw actual 
lines - horizontal, vertical, or 
diagonal- wherever one is wanted.) 

Blueprints Today; Art Tomorrow 
Drafting Dan's relatives use a CRT 

(cathode-ray tube) instead of a draft­
ing board. They are known collec­
tively as CAD / CAM machines, short 
for computer-aided design / compu ter­
aided manufacture . Airplanes, in­
tegrated circuits, and cars are all 
designed with "eraserless easels" these 
days; it was a billion-dollar business 
last year . New CAD /CAM machines, 
plotters, and printers took up a lion 's 
share of the show. And they're still a 
bit too expensive for most personal 
and small-business uses. Even the 
Apple-based drafting machine was 
abou t $15,000. But that's going to 
come down; my father's first com­
puter, Ezekial, cost $13,000 five years 
ago . 01' Zeke can be duplicated for 
about $5500 these days . 

The major costs of computer 
graphics are easy to separate: mem­
ory, CRT, output, processor, and 
software (roughly in order of price). 
The mechanical parts have remained 
high-priced- as my dad puts if, 
"Silicon is cheap, but iron is expen­
sive." Old machines have gradually 
been replaced by smarter new ones. 
The plotter and printer are the oldest 
(and most mechanical ) hard-copy 
computer output devices. A few new 



11What If ••• �

I run out of memory?" �
Most people do run out of memory 
with only 18K VtsiCalc* workspace. 
But you can expand your Apple II'" 
to 177K VtsiCalc memory! You 
can also get 80-column display, 
lower case letters, and hard disk 

Circle 401 on inquiry card. 

support - all w ithout buying 
a bigger computer. 

The Saturn expansion system for 
VisiCalc consists of a preboot dis­
kette, one or more plug-in RAM 
boards, and an optional SO-column 
dispfay board. You can put the 
Saturn boards in any slot. And with 
all that memory, our software lets 
you save files on more than one 
diskette. 

Each Saturn RAM board includes 
additional software for other pro­
gramming applications. So your 
BASIC, PASCAL, and CP/M pro­
grams get an extra bonus. 

Ask your computer dealer for 
more details about the Saturn 
memory expansion systems. See 
how much bigger and better your 
models can become! 
• \Af:ICalc is a reglstered ttademarlc of VisiCorp. Apple II ls a 
registered tradematl< of Apple Computers. In(:. 

PO. Box8050 
3990 Varsity Drive 
Ann Arbor, Ml 48107 

1 (313) 973-8422 
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Figure 1: Color offers opportunities for informationally dense diagrams. T/1is is one of the standard graphs offered by lnfographics, 
(Graph courtesy of lnfographics Inc. ) 

devices, like the copier/ plotter and 
microprocessor-based miniplotter, 
have reduced prices. Multipen plot­
ters are slow to make solid colors, 
and color copiers are still expensive. 
Everyone may like color, but few can 
afford it. 

Color Output for the Masses 
Two companies, Infographics and 

Comshare Target, announced a 
color-output service from your data; 
both use the Xerox 6500 laser printer 
to generate the final images. The 
companies are after different mar­
kets: one is starting a chain of "graph 
shops" ; the other is selli ng an Apple­
only software package that works 
over the phone. 

lnfographics offers transparencies, 
slides, and prints from your data. It 
works like this. You bring your rough 
data to the salesperson/ data-entry 
person at a local retail store, and you 
select colors and graphs from the ex­
amples, resisting the more garish col­
or combinations. The salesperson 
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enters your data and sends it to the 
printing center, where it's printed and 
mailed to you (see f igure 1). In­
fographics offers only pie and bar 
charts, with data entered man ually 
through a menu-driven CP/ M sys­
tem. Unfortunately, it can't take disk 
fi les. Normal turnaround is about a 
week. Jnfographics is negotiating 
with a printing house to offer color 
separations with as li ttle as a 48-hour 
turnaround. 

The other company, Comshare 
Target, has a service that starts wi th 
an Apple II display assembly/ trans­
mission program for $175. Called the 
Image Maker, this package helps you 
construct bar, pie, or line graphs. 
Although you can use most other 
graph packages to make your graphs, 
you still need the Image Maker to 
send them. When you're satisfied, 
you send your images to At lanta over 
a modem, where they are run off as 
slid es, transparencies, or paper copies 
and maiJed to you. Comshare Target 
offers image enhancement for the Ap­

pie's low-resolution pictures at no ex­
tra cost. (This company also sells the 
$50 "visidone'' package called Plan­
nercak.) 

Both services run about $10 a sli de, 
though the cost goes much higher for 
rush delivery. I think several more 
companies will offer similar services 
soon, although no one would say 
anything. 

Yes, you can still take pictures of 
your monitor for slides, but the 
results are the same as ever. Bad col­
or, long exposures, improper fram­
ing, and graininess wi ll keep you 
from getting good pictures unless you 
have a $4000 monitor and $5000 
worth of graphics equipment. Even 
then, you won't get results as good as 
the commercial services offer. Setup, 
development, and getti ng the room 
dark enough are also problems for 
homebrew systems; if you must have 
good pictures, these services are 
worth it. 

The new Videoslide 35 from Lang 
Systems is another alternative; it 's a 



AWORD TO THE WISE. �

No one gives you more in an ergonomically engineered �
smart terminal than Wyse. �

These days there's little room for 
waste of the corporate dollar. And 
these days the WY-100 smart term inal 
looks even better when you compare 
it to the other guys. 

You definitely get more from Wyse 
- the leader in low-cost, high-per­
formance, ergonomically engineered 
smart termina ls. 

To begin with, you get a great 
looking terminal that features die 
cast alumin um packaging and takes 
up a minimum of desktop space. 

You also get a terminal with an 
uncanny way of pleasing people. It 
comes with an easy-on-the-eyes 
green phosphor screen. And a fu lly 
tilting/ ro tating display and detached 
keyboard. (After all, one person's 
just-right-tilt is another's not-quite­
right-till) . 

When the workload seems impos­
sible, horizontal and vert ical split 
screen capabilities with independent 
scroll ing allow you to be in two places 
at once. 

There's more. You gel program­
mable function keys and transparent 
print . Plus 128 characters with upper 
and lower case, line drawing and 
graphics. and a keyboard w ith 105 
keys- including cursor pad, specia l 
mode and function keys. 

Of course, al l of this wou ldn't mean 
much if you couldn't count on Wyse 
qual ity. That's why each WY-100 is 
put through an extensive on/ off 
testing program. 

On top of that, WordStar® and other 
emulations are now avai lable from 
your distributor. Which means you 
can au tomatically get 32 of WordSta r's 
most commonly used multi-key com­
mands fully- implemented on our func­
tion keys for faster, easier use. 

We think you'll be quite impressed 
when you compare theWY-100 to 
other terminals in its c lass. But don't 
take our word for it. Call or write us 
today. We'll send you detai led in for­
mation on why theWY-100 smart 
terminal gives you more. A lot more. 

2184 Bering Drive. San Jose, CA 95131 
(408) 946-3075 TLX 910-338-2251 

In th e East. call (516) 293-5563. 

WorclStor IS a registered trademark ol M•croPro. Inc. 
�U �~� and FCC appro•ed. " 1982 Wyse Tect>nology. Inc. 

See us at Comdex , booth #5156. 
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3Smm camera pointed at a small 
CRT, designed to make screen copies 
from nearly any low- to medjum­
resolution raster system. It produces 
better slides than you can get with a 
Dealin' Electronics bargain CRT and 
your lnstamatic. lt was so new that a 
camera hadn't been decided on. A 
spokesperson said that it would be 
one of "aU the usuaJ suspects. " 
Businesspeople with confidential data 
might buy one of these rather than 
ri k the services. The Videoslide 35 is 

built and shaped like a big brick, will 
retail for about $2500, and will take 
the new Polaroid instant fi lms. 

The VT-100 Battle 
Most of the machines I saw at the 

show were designed almost as stand­
alone systems with on-board micro­
computers and disk drives. Although 
Ehe heavy computation still falls on 
the host, these machines do much on 
their own. With the number of 
nongraphics terminals already on the 

market, though, it's no surprise that 
add-on graphics kits have been 
developed. for some familiar ter­
minals. 

ProbabJy the most hotly contested 
terminal market in graphics today is 
VT-100 upgrade and emulation. This 
Digital Equipment Corporation ter· 
minal has been regutted, retubed, 
revised, and replaced by no fewer 
than five companies- if you also 
count the original manufacturer. In­
cluded in this group are Data Type, 
Digital Engineering, JD Systems, and 

TECHNICAL SALES & SUPPORT STAFF* * * * * * � �~� 

-

WE OFFER A WIDE RANGE OF CRTs, PRJNTERS, GRAPHICS EQUlPMENT, SOIT· 
�~WAR£ FOR All SYSTEMS. EACH SYSTEM COMPLETELY TESTED, INTEGRATED, 

READY FOR PLUG-IN OPERATlON WHEN YOU RECEIVE IT. WE TAILOR & CON­
FIGURE SYSTEMS TO MEET YOUR BUDGET AND NEEDS. WE WELCOME YOUR 
REQUEST FOR TEOINJCAl INfO BY PHONE OR LEITER. 

CAD·GRAPtUCS 16t �A�l�'�C�,�'�h�i�t�e�c�t �~� • Designers • Engineers • Create, store and edit 
drawings. Use arrays, zoom, windows. Completely interac:live hardware/ softw are 
�p�a�c�k�a�g�~�i�n�c�l�u�d�e�s� 990016 bit nilcr0computer, high resolution graphics display, digitizer, 
plolter. Does the work of a S200,000. system for 510,200. CP/ M optionally avallable. 

�~� 

IMS 2 yr. warranty on boardsr SX sy$lems w/8" or 5 1/'' driv �~�.� optional 10. 20, or 40 
MB Windwslers, built -i n tape back-up, Z-80 5-JOO bus. 5000 �s�y�~ �l�l�!�m� wi th int egrated 
screen now 3vailable. On site service for NY quad-•tal e area . 

MULTI-USER IMS: MPU/ slave cards give each user CPU. MK. 2 seri.al port>. 
TURBODOS: Single oi multi -user. Spectacularly FAST CP/ M �~�o�m �p�a�t�t �b �l �~� Opllrating 

System. Cuts Jink/ edil lime in half. ZBO Code Interrupt dr1ven . Up lo bX ia.ster than 
CP/ M; up to35% increased disk ca pacity. For IM S, CCS. 

FOX & GILLER, the. produce.rs of QUJCKCODE and D,UTIL, are entlrnsialic user• ol 
IMS multi -user systems with TurboDOS supplird by john D. Owens Associates. : 

CROMEMCO: 68000/ZSodual processor systems starling at ,, . , .. ' .. ' .... 54,6?0. 
Also, new Z-80 personal computer w/ inle.grated screen, Model C-10 .. ..... . ..S1,69S. 

VICTOR 9000: 8088 business  "�Y�~ �l�e�m �,� 128K RAM . 132 50 line screen. Daal E11< • drives 

-
w/ 2.4 MB capacity. Higher res graphics than IBM PC. ...£4,995 . Price includes buth 
CPI M 86 and MS-DOS. Interactive business software and word processing offe.N.>d. 

MASTER MAX: ZBO single card compuler, 4 slot, 5-100, w /dual 8 · drive'.' .. S2,540. 
See �d�e �~ �i�l �s� in this issue. of BYTE. page 318. 

LOMAS DATA 8086 SYSTEM: Complete Lomas card se t in TEI 12 slot rn;i1nframt:, 
dual Sltugart801s, assembled & 1es1ed . ..... . . , .. , . ..... .. .. ......... , .SJ,720. 
Options: Double sided drives, 808? &. 8089. CP/ M 86, 86-DOS, Winchester interface. 

SEATTLE 8086 SYSTEMS fo1t1Jring 86·005, 1l1e WM l'C Opemtiri g System. 
SYSTEM l: 8 MHZ CPU, 64K St.atic RAM . in TEI mainframe ... ...... , , ..S2,695. 
SYSTEM 11: with 128K Static RAM •. ........ ' .. .. ' - . ' - . - ' . - .. - . 53,550. 

MAX BOX DISK ORNE SUBSYfEM mjg l>y /olm D. Owens Assoc. Dual drive 
cabinet w/ regulalro power 1iupply, fan , complete Internal cabling. Ready to plug in . 
W/2Sh1,1gar180L .. . ..Sl,275. W12.QUMEDT-8dble stdcddrives . ...Sl,605. 

S-100 BOARDS OR BOARD SETS: Godbout, Systems Group, SD Systems, SSM, 
Tarbell. Morrow and others. Di scount prices. 

Pr'ices subj<?cl IQ clumge wi1/iou1 notice Write or call for product /isling 

JOHN D. OWENS Associates, Inc. 
12 Schubert Street, Staten Island, New York 10305 

212 448-6283 212 448-2913 212 448-6298 

Selanar. Visual Technology produces 
a VT-100 emulator. The companies 
claim their monochrome graphics 
boards ($1000-$1500) can all be i)'l· 
tailed by sliding in a circuit card . 

The color modifications require you 
to send the terminal in for a new pic­
ture tube, but allow colorful letters, 
graphics, and symbols. None of the 
boards are compatible, so be careful 
in upgrading your VT-100 terminal. 

A few other terminals, most 
notably the Televideo 900 series, also 
had upgrades on display, but there 
was none of the fierce competition of 
the VT-100 upgrade battle. 

ConsumeJ' Graphics 
As microcomputers and memory 

get cheaper, the price of the average 
graphics system has gone down . 
Since no end to the price reductions is 
in sight, today's high-end is probably 
next year's personal. Most people at 
the how see.med to think that "Joe 
Basic" had no more need for high­
density graphics than he did thre 
years ago for home video recordi ng; 
fortunately, some companies still 
have vision . Who would have 
thought that a cheap, �l �o�w�~�d�e�n�s�i�t�y� 

color-graphics system-named after a 
fruit -would sell almost 400.000 
units a year? 

Yet l have to agree with those who 
think the Apple and the IBM Personal 
Computer are dead ends. Neither has 
expandable screen memory; both are 
too dependent on single manufac­
turers. The personal graphics stan­
dard of the future does not exist yet. 

One real surprise at the show: In­
telligent Systems Corporation, the 
people who brought you the first 
8080-based color-graphics system 

36 �N�c�>�v�o�m�~�r� 19'2 $') !l'rTE Publlc.Ulono Inc 



---

these many years ago, is still around. 
It 5li11 supports the Intecolor 8000 
series, but says it was not a great 
commercial success. This company 
also exhibited a new CP/ M -based 
color-graphics system, the lGS. 

Scion had a new Screenware Pak 
for a newly revised Microangelo 
board; H also showed t.he Mi ghty­
angelo, a stand-alone graphics/text 
termfnal designed to talk to a host 
machine, and a high-quality monitor. 
Don't expect to see the M ightyangelo 
in ads soon; it 's designed a n OEM 

ou t. lf CRTs are simpli fied or 
superseded, the cost of high-quality 
graphics will fall drastically. 

The biggest crowds at the conven­
tion were around Genisco's Space­
graph, a very expensive 3-0-like 
display. I think 3-D wi U be useful, 
though it may take a while (a while, 
ln this business, is defined as longer 
than to the next NCC). Genisco 
achieves the 3-0 ef ect with a moving 
mirror. H's a good way to study ob­
jects. The system's major fault Is 

tran lation to paper, but holograms 
sh uld solve that. No holographic 
output devices yet; maybe at the next 
show. 

Trading picture density for colors 
is a big thing. It allows you to have 
big, less colorful pictures, or small er, 
richly detailed ones. The AED512 
graphics terminal from Advanced 
Electronics Design allow three pixel 
(picture element) densities: 512 by 
512, with 256 colors; 1024 by 512, 16 
colors; or 1024 squared, 4 colors. It 's 

(original equipment manufacturer) 
machine. Replacements for the 
Microangelo using the 8086 or 68000 
m icroproces ors might appear by 
spring. 

One significant drop in the price of 
a good picture has occurred: Amtron 
was showing off its " under $3500" 
very-high-resolutfon monitor having 
a bandwidth of 50 megahertz-more 
than eight times greater than that of a 
home television set! This is very good 
news indeed, for no one else offers 
anything similar for less than twice 
the price. Amtron's announcement 
may trigger a real price war, lowering 
systems prices. 

If You Have to Ask, 
You Can't Afford It 

A rule of thumb Ldiscovered at the 
convention: anything in a desk starts 
at $50,000. A few people are trying to 
combat this, though. The Electro­
Optical Information Systems "dino­
saur killer '' graphics/ frame grabber 
system, based on a Godbout Com­
pupr S-100 box, starts below 
$11,000. (A frame grabber stores one 
TV image for later processing.) 

Conrac, longtime maker of moni­
tors, seemed to be running scared of 
the Japanese manufacturers. Rather 
than its usual one new product a 
year, it 's shooting for two or more. 
The Japanese meanwhile showed no 
systems (yet), but they did show new 
" bottles" (as picture tubes are known 
in this business) . 

No replacements for the CRT were 
displayed, though many were talked 
about. Few people seemed to think 
that CRTs wouJd die. With all the 
new flat screens on the horizon, I 
don't think replacements can be ruled 

IBM 3270 USERS · Telttype M odel 45 
Ouster controllers, terminals, printers, 
Bl.sync or SNA/ SDLC protocol, local or 
�r�e�m�c�~� c:cnne t . Up to 32 �d�c �v �i�c�~�·�s� on one 
cluster. Cost effcclivel Fast delivery! 

TTY 4012 USERS: 
New 4420 cost·df •ctlv r plac menl 
available. Purchase or lease. 

MlCROANGELO GRAPHICS 

COLUMBIA DATA IBM re look-alike. 
More features, lower prices. Completely 
PC hardware 8c software �c�o �m�p�~�l�i�b�l�c� & 
inlerchangeable. Write for details. 

IDS PRINTERS 
PRISM 132 color ... . ... . .. ...SI,795. 
PRISM 132 black ...•.........51,.3\JS. 
PRISM So color . . ..... ..... .Sl,615. 
PRlSM so bla.ck • ... .•. , . ... .s1,2ss, 

SUBSYSTEM WILIGHT PEN .52,JOO. MAINFRAMES, S-rno. 
Witliou t light pen , . , , ,51,930. TEI MCS 112 , ....•.. . . . , . . . . .. 5680. 
Graphics card alone . ...... 5 975. Paradyt1amics l8slo1 ....•...... . sno. 
Clllor �~�y�s�t�c�m�s� fr om 4 lo 2!i6 cc1lors, ECT lOslol . •. .... •... ,., , ... .. 395. 
�B�a�~ �l�c� color �s�y�s�t�~�m� (4 colors) , .Sl,330. 

SEMIDISK for S-100 systems, Allows 
MICRO-CAD: ln terac;tive graphi oft- high speed access to files normall y stored 

ware fo r Z80 C I PM. for �c�n�~�i�n�e�c�r �s�,� on diskelle. 
designers, ardiilects. Create, store and SUK . ... , .Sl,795. tMB .. , ...S2,69S. 
edit drawings. U e arrays, wom. win­ 1----------------:1:1 
dows. Display on MicroAngelo. EPSON MXSO . , .. ... , .. , .. , ..5515. 

HOUSTON INSTRUMENTS 
PLOTTERS �S�t�a�n�d�~�r�d� &: Intelligent models 

w / surfaccareil.!i of 81/i 'xll • to 11•x17". 
OMP-2 ...s 935. DMP-3 .•.Sl,195, 
DMP-4 ...Sl,295. OMP·3 ...S1,455. 
OMP-6 , . . 51.,&85. DMP-7 •..Sl,865. 

Hi Pad Oigltlie.r , . . . . . . . . . . 5755. 

TELETYPE Model 4J2DAAK ..•.Sl,1'10. 
Modcl 4JASR, 8 level, 1• tape . , . S2,595, 

SEATILE RAM PLUS w/FlASH DISK 
641< RAM SERJAL1IO .......SJSO. 

l28K RAM + SERIAL 1IO ..• ....ssoo. 
192K RAM + SERIAL[IQ .......So20. 
256K RAM SERIAL 110 ... .• ..S740. 
64K Chip Kit . , . , . . . .. .......5120. 

E.ach RAM card has R.5232 �~�e�r �i�a �l� port. 
Boards socketed for eMy upgrade. Pl;ish 
rusk allows high speed �a�c�c�e�s�~� to fi les nor­
mally stored on diskette. 

MICROSOFT RAMDrive Allows high 
�s�~�d� ac.:ess l o files normally stored on 
diskette. 

&>lK .. . , • , .5uo. u.sK . . .. . . SS90. 
192K ....•..S760. 256K ....•. • $930. 

MXao rrr , .. ss5s. MX ioo ... !.755. 

HAYES MICRO MODEM 100 , ...SJ59. 
Smaomodem .S2Sl. Cbronogcaph. 5224. 

PMMI 5-100 Moaem . • .....••...5349. 

PER SO: Model 1998.. • . . , • , .•.S2300. 

COMMUNICATIONS SOFTWARE 
Micro to te.nnfnal to micro to mainframe 
to modem. HAWKEYE GRAFTX ..ssoo. 

808018086 EMULATOR runs CPt M 
o.n IBM PC. All 110 runs at operating 
�~ �y �s �l� �~�m speed . . . . . . . . , . . . , . . . 5200, 

AMDEK COLOR II MONITOR .ssrn. 
CORVUS HARD DlSK SYSTEMS 

6.7MB .SJ,035. 11..lMB . ,54,745, 
20.5Mll ........ , ....SS,695. 

PERSYST: MULTIFUNCTION BOARD 
RAM + 2 Serial + 1 parallel . . , .5492. 

MlCROBITE rBM-1 Five slot pansion 
drn!!Sis , • , .• , ... . , . , .. ,••SSOS. 

IBM PC acjd-ons, peripherals &: soft­
ware . , Too extensive to list. Please call 
for up-to-date listing. 

WE EXPORT � Ovt> rst>as Callm: TWX 710 588 2844 �
Phont> 212 .J48-6298 or Cibk·: OWENSASSOC �

JOHN D. OWENS Associates, Inc. 
SEE OUR AD ON FACING PAGE 

1 



Figure 2: Anti-aliasing is a way of making edges look less rough. This is accomplished 
by illuminating the jagged parts at lower intensities so that they blend into t11e 
background. The top figure, whid1 depicts a line without anti-aliasing, looks much 
ror1glrer and unnatural than the bottom one, whic/1 has it. The Jupiter 7 graphics ter­
minal is significant because it does this automatically. 

Photo 1: Computer graphics are used most frequently in designing in tegrated circuits. 
This image was produced on a Jupiter 7 graphics terminal. Tl1e blue grid is for reference 
and can be removed by a keyboard command. (Photo courtesy of Jupiter Systems lric.) 
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also relatively inexpensive (under 
$20,000, currently). 

In the computer world, a "stan­
dard" seems to be established in only 
two ways: some very large company 
sells a whole bunch of something, or 
a number of small companies sell a 
few very similar things. Every once in 
a while this rule is broken; such is the 
case with the Jupiter 7 graphics ter­
minal from Jupiter Systems. 

The Jupiter 7 is surprising. It's plug­
compatible with the AED512, which 
means a standard has been estab­
1ished- withou t either manufacturer 
sell ing very many units. And it has 
built-in anti-aliasing (see figure 2 and 
photo 1) and two joysticks. Like the 
AED512 and most of the other big 
systems, it also has expandable mem­
ory; you could start with a smaller 
display and buy upward la ter on. 
Jupiter Systems is one of those 
"grads-to-riches" stories deemed im­
possible because of the economy; the 
company literally did not exist two 
years ago. A good example of Amer­
ican ingenuity at work. 

Another Pew company, Raster 
Technologies, was started a year ago 
by two Rensselaer Polytechnic In­
stitute graduates and now has a full 
line of medium-priced raster-screen 
machines. It will probably expand 
downward soon; it s founders realize 
the size of the marketplace. Steve 
Coit of Raster Technologies said it 
best when he remarked to me that 
"the Polaroid Colorpack II of the 
video world is coming." 

One of the really amusing develop­
ments at the show was the number of 
CP/M-compatible systems. Nearly 
everyone, big or small, had CP/M 
available. I guess the graphics world 
needed a standard, and they chose the 
most popular. I had thought that 
Unix, the much-hallowed system for 
big machines, would have cleaned 
up, yet no one but DEC had a single 
machine running it. 

One conclusion I reached before 
the show was over: even more than 
other parts of the computer world, 
graphics people live out of each 
other's pockets. The computers, most 
peripheral devices, and even many of 
the software packages were the same 
from one booth to the next. So many 
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Photo 2: Tt1ese two images, "Before" (left) a11d "After" (rig/1t) , slrow lrow NASA uses computers on planetary missions. "Before" is an 
enhanced picture of Saturn from Voyager I . " After" was created by Dr. Jim Blinn as a precursor to the Voyager fl mission to Saturn; 
t/1is frame from the short film MIMAS - Voyager II Saturn shows Saturn rise as the spacecraft passes near a moon. Saturn was 
created from Voyager and Pioneer mission photos; the moon is random mountainous terrain 011 a spherical model. The images in 
MlMAS were produced 011 an Evans & Sullrerla11d Picttm2 System I 1connected to a Digital VAX computer and pfiotograplred wi th a 
I6mm movie camera. (Pliolos courtesy of /el Propulsio11 Lab/ NASA and the autl1or, from Dr. Blim1's JPL terminal.) 

companies were doing the same thing 
that several people at the show 
wondered aloud what kept them all in 
business. 

Real-Time Images 
Computers have caused revolu­

tions in many disciplines; computer 
graphics is just starting to. The 
graphics designer who works with a 
computer-based layout machine will 
never go back to scissors and glue 
voluntarily; the animator who is 
shown how much computers can help 
will want a machine. Hollywood has 
started using computers in special ef­
fects, as seen in Tron (see "Tronic Im­
agery" by Peter Sorensen on page 
48), Star Trek 11, and other fi lms. 

Surprisingly, no one had even the 
simplest game to show off their 
equipment. One possible reason : 
most of this equipment was produced 
in such a headlong rush that little or 
no time was left for applications. 
They will soon realize that games are 
a good way to pull customers into 
their booths; and games on these 
graphics machines could be pretty im­
pressive. Most games I've played are 
very poor approximations of reality. 
The line drawings are jagged, and the 
color displays are washed out and 
blocky. Also, I tire of tactical twist­
and-shoot games. I'd like to write 
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some of my own games software. 
The ew York Institute of 

Technology (NYIT) and its graphics 
subsidiary, Computer Graphics Lab, 
were talked about in the November 
1980 BYTE. The cover of that issue 
showed a scene from their film Til e 
Works, a computer-animated feature­
length movie, which was supposed to 
be out in about two years, i.e., now. I 
saw all of The Works at the show; it 
was about 30 seconds long. Money 
troubles, l was told. They were 
hawking a "complete computer 
graphics animation system" for video 
tape; when pric s go down, you may 
own one. 

Two of the people who worked on 
Tron have formed their own effects 
house, a company called Digital Pro­
ductions. Financed by Ramtek, a 
large graphics company , they set up 
shop in Hollywood a few months 
before the show with a Cray-1 , the 
world's largest general-purpose com­
puter, and are ready to generate im­
ages for the movies. This isn't the on­
ly company doing this, but it is cer­
tainly the only effects house with that 
much processor. They should pro­
duce some eye-popping stuff for 
movies as soon as next year. 

Proof that "getting a bigger ham­
mer" (or more computing power) 
produces better images was obvious 

at the Ikonas booth where there was a 
computer-generated picture of a glass 
sphere sitting on a table. This picture 
is a few years 'old, but it 's amazing 
nonetheless. The table had a checker­
board tablecloth that was reflected 
and refracted through the sphere; the 
sphere even had a shadow; it was 
beautiful. One of the people at the 
booth said it probably took one to 
two hours on a VAX (a super mini­
computer) to generate that single 
frame. (Photo 2 shows another image 
generated on a VAX.) Now you see 
why Digital Productions bought a 
Cray-1. 

Forecasts for the Future 
I came to a conclusion at the show: 

I'm going to wait before buying 
anything. The future holds the prom­
ise of large price drops. I learned a 
great deal at the show about personal 
graphics, small-business graphics. 
and the future. Coupled with what's 
been old hat in science fiction for 
about 30 years, I'll make some predic­
tions for what's ahead. 

The companies to watch: Jupiter 
Systems, Raster Technologies, and 
Florida Computer Graphics. They 
will probably expand downward into 
the low-priced business market, 
which most of the big companies ig­
nore as too small. Of the manufac­
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BEHIND EVERY �
GOOD SINCLAIR �
IS A MEMOPAK �

If you own a Timex-Sinclair lOOO or 
ZX81 computer, you should have a 
Mcmopak behind it. from increased 
memory to high resolution graphics, 
Memotech has a Memopak to boost your 
S}'litem's capabilities. Every Memopak 
pe ri phe ral comes in a black anodised 
aluminum case and is designed to fH 
together in ''piggy back" fashion to enable 
you lo continue to add on and still keep an 
integrated system look. 

Order at no risk 
All Memotech products carry our IO 

day money back guarantee. If you're not 
completely satisfied, return it in ten days 
and we will give you a fu ll rerund. 
And every Memotech product comes wit h a 
six month warranty Should anythi ng be 
defective with your Memopak, return it to 
us and we will repair or replace ii free of 
charge. Dealer inquiries welcome. To order 
any lemotech product caU our toll -free 
number 800/ 662-0949 or use the order 
coupon. 
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Memopak 64KRMI The 64KRAM e;.;1ends the 
memory of 1•our Sinclair by 56K to a full MK. II 
is di rectly �a�d�d�r�~�b�l�e�.� user transparent, Is 
neither switched nor paged and accepts such 
BASICcommands as 10 DIM A (9000) . The 
Meriiopak 64K turns your Sine.lair into a 
powerful computer suitable for business, 
recreational and educational use. o additiona l 
power suppl)' is required. 
Memopak 32K RAM The 32KRAM Memopak 
offers your Sinclair a full 32K of di rectly 
addressable RAM. Like the 64K Memopa k, it Is 
neither switched nor paged and enables you to 
execute sophisti cated programs and store large 
data bases. It is also full y compatible with 
Sinclair's or Memotecll's J6K RAM to give you a 
fu II 48K or RAM. 
Memopak J6K RAM The Memopak t6K RAM 
provides an economical way to increase tl1c 
capabilities of your Sinclair. And at the same 
time, ii enables you to conti nue to add on other 
features with its "piggy back" connectors. II is 
compatib le wi th the Sinclair t6K or a second 
Memopak t6K or Memopak 32K to give 32K or 
48Kof RAM respective!)•. 
Memopak High Resolution Graphics The 
Mcmopak HRG contains a 2K EPROM moni tor 
and ls fully programmable fo r high resolution 
graphics. The HRG provides for up 10 192 by 248 
pi;<el resohnion. 
Memopak Printer lnterface The Memopak 
Centronics Parallel or RS232 Interface 
�p�a�~� enable your Sinclair to use a wide range of 
compatible printers (major manufacturers' 
printers available through Memotech at 
significan1 savings). The residen1 software in the 
units gives the ASC II se1 of characters. Both 
Memopak pri nter interfaces provide lower case 
characler capabiliti es. The RS232 lnlerface ls 
also compatible wi th modems. 
New products coming soon Memotech will 
soon be introducing four new Sinclair 
compa1ible products: a high quality, direct 
connection keyboard, a digiti1jng 1ablet, a t6K 
EPROM and a disk dri1•e. Watch for our fu ture 
advertisements. 
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For More Information High-resolution monitors ($3500): Chromatics inc. (68000-based 
The following is a list of the more in­ systems) 

teresting exhibitors at the National Arntro11 Corporation 2558 Mountain lndustn"al Blvd. 
Computer Graphics Association meet­ 5620 Freedom Blvd. Tucker, GA 30084 
ing. Of course, tlte prices of most of Aptos, CA 95003 (404) 493-7000 
these systems are a bit high for (tJ.08) 688-4445 
personal-computer budgets, but tlrese Electro-Optical Information 
prices should drop soon. Graphics modifications fo r the Digital Systems (/ow-pticed image 

VT-100 and Televideo terminals: processing) 
Personal-computer graphics boards for 710 Wils/1ire Blvd., Suite #501 
the S-100 bus: Data Type Irie. Santa Monica , CA 90401 

2615 Miller Ave. (213) 451-8566 
Cambridge Development Mountain View , CA 94040 

Laboratory (415) 949-1053 Florida Computer Graphics 
36 Pleasant St. 1000 Sand Pond Rd. 
Watertown. MA 02172 Digitcil Engineering Lake Mary , FL 32746 
(6 17) 926-0869 630 Bercu/ Dr. (305) 321 -3000 

Sacramento , CA 95814 
Digital Graphics Systems In c. (916) 447-7600 Intelligent Systems Corporation 
935 Industrial Ave. 225 Technology Park 
Palo Alto, CA 94303 Digital Eqt4ipm e11t Corporatio11 Norcross, GA 30092 
(415) 856-2500 129 Parker St . (404) 449-5961 

Maynard. MA 01754 
Scion Corporation (617) 493-4885 Jupiter Systems 
12310 Pinecrest Rd. 2126 Sixth St. 
Reston. VA 22091 ID Systems Berkeley. CA 94710 
(203) 255-1526 4093 Leap Rd. (415) 644­1024 

Hilliard , OH 43026 
Add-on color-slide machine: (614) 876-1595 Raster· Tec/mologies Inc. 

9 Executive Park Dr. 
Lang Systems Inc. Selanar Corporatio11 North Billerica, MA 01862 
1392 Borregas Ave. 437-A Aldo Ave. (617) 667-8900 
Sunnyvale, CA 94086 Santa Clara , CA 95050 
(408) 734-3332 (408) 727-2811 The very best in graphics (starting at 

$300,000): 
Graphics by maiJ (color-graphics ser­ Visual Teclrnology Inc. (VT-100 
vice): emulators) Euans & Sutherland (raster- and 

540 Main St . vector-based systems) 
Comshare Target Software (Apple Tewksbury, MA 01876 580 Arapeen Dr. 

only) (617) 851-5000 Salt Lake City, UT 84108 
1935 Cliff Valley Way 
Atlanta, GA 30329 M a nufacturers with mid-priced lkonas (raster-based systems) 
(404) 634-9535 graphics terminals ($10-20,000): POB 20011 

Raleigli. NC 27619 
lnfograplrics (retail outlets) Advanced Electronics Design 
201 Shipyard Way, Suite E 440 Potrero Ave. 
Newport Beach, CA 92663 Sunnyvale, CA 94086 
(714) 675-4385 (408) 733-3555 

turers currently in the personal­
graphics market, Scion seems more 
likely than Cambri dge Graphics Lab 
or Digital Graphics to lower prices 
whi le raising densities. 

The producti on of manuals and 
technical reports is one of the best 
uses for computer graphics. Larger 
companies and newspapers already 
use big computers for this. At least 
one service already offers completely 
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automated typesett ing as an adjunct 
to printing: Wordplay (i n Los 
A ngeles) charges $6 to $8 an hour fo r 
word processing and $0.10 to $0.50 a 
page for output. In the fu ture, books 
w ill be easier to produce; the high 
cost of typesett ing (largely due to 
retyping) will fa ll rapidly when the 
customer can provide a disk. H is 
usually far cheaper to reorganize text 
than to retype it. 

Someone will synthesize a truly 
common graphics control language, I 
hope. (Several were represented at 
the show, but no standards yet.) The 
fal l in memory prices will allow very­
high-density graphics machines in a 
few years. 

Wi th the S-100/ IEEE-696 bus n w 
adopted as a standard, familiar S-100 
houses will bring out new graphics 
boards. We will see 641<-byte memo-
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ry chips, and the new 16-bit micro­
processors will drop in price 
drasticaJly. 1 foresee at least one new 
S-100 graphics board for $1500-$2000 
rivaling the complete 9-board 
Microangelo graphics system ($9175) . 
It 'll take a lot of small companies by 
complete surprise. 

New stand-alone graphics ter­
minals using the RS-232C interface at 
lower prices (probably made-over 
Zeni th Z-19 terminals and such ) and 
several budget-priced (below 
$20, 000) complete computer­
animation systems will be unveiled 
by next year's show. The prices for 
add-on color printer/ copiers will fall 
to consumer levels within two years. 

Software is going to get much 
faster . Rumors of a drop of two 
orders of magnitude in processing 
time have been floating about for 
while now. This software should 
cause quite a flap at the next NCGA. 
Such developments will be added into 
personal graphics soon after they are 
made public. 

A CP/ M-based picture-handling 

standard should appear by spring, 
with provisions for various terminals 
and languages. At least one graphics­
handling chip, not designed for any 
particular system or company, will 
appear and make homebrew hay­
wires easier. (Since this article was 
written, this appears to have hap­
pened with the NEC graphics­
handling chip.) 

The Far Future (2-5 Years) 
A standard for computer mail, text 

only, will settle within two years. lt 
will use normal phone lines and 
transmit at 300/1200 bps (bits per sec­
ond). The monochrome-mail graph­
ics standard shouJd follow . lt may 
look suspiciously like current fac­
simile. Provisions will be made for 
television display; at least one TV 
manufacturer will ann unce the ter­
minal, TV, frame grabber, VTR, 
graphics generator, and electronic.­
mail machine all-in-one console soon 
thereafter. A color-mail standard 
may have to wait a new TV standard, 
or one of the videotex standards 

could be adopted as a color-mail stan­
dard . 

It is my fervent hope (but not 
prediction) that a higher-density 
television standard can be reached 
within the next five years. Movies, 
graphics, and electronic mail would 
benefit from mass acceptance of a 
dense display. The biggest problem is 
the same as for current color TV : 
compatibility. Just as all black-and­
white TVs had to receive color broad­
casts, the argument will be made that 
a current-day set shouJd be able to 
receive the new standa rd. Unfor­
tunately, this would mean another 
generation of lousy sou nd and 
abysmal images. 

Not more than five years hence, the 
home-computer animation machine 
wiU be the typewriter of the amateur 
moviernaker. Script and cartoon will 
be made on your home computer, 
saved on your home VTR, and then 
sent off to your local cab1ecaster. 
More than anything before, home 
computers point a way toward 
greater individual artistry.• 
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The Context MBA is a rema rkable new oftware 
package that transforms the I BM Personal Computer 
into a powerfu l management tool. C-MBA comb ines 
spreadsheet, graphics, word processing, database and 
ommunications functions in one totally integrated 

program. 
C-MBA was developed speciflca l ly for managers, 

not computer experts. Because it's easy t learn and 
use, you can prodL1ce resu lts in hours that used to 
take days or even weeks . 

Helps Managers Review, Analyze and Report 
Review Information: Tie into your company's 

computer, a financia l information service, lectron ic 
mai l network or virtually any other computer ystem . 
C-MBA saves information and lets you retri ve, exam­
ine, edit or print it w ith a few keystrok s. 

Analyze Alternat ives: Use the electronic spread­
sheet to create rea listic business models imply and 
easil y. With the drudgery removed you ca n work the 
probl em to the best solution instead of to the point of 
exhaustion. 

Report Results: Compose, ed it and print reports, 
letters and business graphs. Make rev isions you rself, 
faster than you can expla in them to your secretary. 
Because C-MBA is an integrated system, it's easy to 
incorporate data from your spreadsheets in to you r text. 

IBM is a trade m<irk of IBM• Ver ion l of the C-MBA will not 
in lude ommunications. Version l owners will receive a free 
upgrade to version 2 which wi ll include communications. The 
MBA i currently available for the IBM Per onal Computer and 
require two disk drives and 256k of memory. Versions fo r other 
second gen -ration persona l computers are under de" lopm nl. 
@ O l' VKIC H �1�~�8 �2� MS . INC 

Circle 126 on Inquiry ca rd. 

C-MBA Integrates Five Powerful Functions 
Modeling: Create a giant spread heet of figures 

and text. Change one number and every effected fig­
ure is recalculated. Search or sort models to quickly 
find the information you want. 

Business Graphs: Bu ild pie, high/ low, bar, l ine, 
area and scatter graphs of data in your spreadsheet 
us ing si1 mple graphing commands. Thanks to C-MBA's 
unique design, graphs change automatically as you 
update the spreadsheet. 

Word Processing: C-MBA's executive word proc­
essor makes concisely edited reports easy to prepare. 
A few keystrokes let you automatically insert tables of 
number or graphs from your spreadsheet anywhere 
in you r report. 

Database: A vast electron ic library ma kes stor ing 
and finding information easy and natural. 

Communications: C-MBA include a data com­
munications and conversion function which allows 
information from ma inframe computers to be used in 
your models or databases. You can even use C-MBA 
for electron ic �m�a�i �l �~� 

The C-MBA is sold only by selected computer 
retai lers who have completed spec ial training courses 
to help managers get the mo t from·the program. And 
C-MBA featu res exceptional ly clear, high ly deta iled 
documentation. 

Context Management Systems 
Management Software for Personal Computers 
23864 Hawthorne Boulevard 
Torrance, CA 90505 
(213) 378-8277 
Telex: 181149 WEST LSA 
SOURCE ID TCA 442 
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Tale an additional 2% off 
our listed prices, until December 24. 
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Alpha Byte 1s your new S-r00 head· VISUAL 50 CREEi! 600 00JOYSTICK CONTROLLER 10 00 A01 APPL£ KEYPAO 119 DO 
PADDLE COIHAOlLERS 19 95 SOflCARD PRE �~�I�U�M� SVSHW 579 DO Quanerst We l'e expancled our li ne ot 
STAR RAIDERS J; 00 MICROSOFT ! 80 SOflCARO 260 00 S 100 compa1 101e hardware Here s 1us1 a TRS-80 MOD I 
l.llSSllE COMMA rn l; 00 MICROSOFT �~�A�M�C�A�R�D� �1�2�~� 00 lew ot 111e lines we carry 
ASfERIOOS l'l 00 >llOE l!0•2• VIDEO CARO t60 00 HARDWARE 
Pl,CMAN Jj 00 VIOEX KfYBOARO �E�l�l�H�A�~�I�C�E�R� 11 129 00 CALI FORNIA PERCOM OATA �S�E�P�~�R�.�H�O�A� ?i OD 
crnr1P1:0£ 35 oo VIOEX ENHANCER REV 0 b 99 00 COMPUTER SYSTEMS PERCOM OOUBlER 11 W OOS J • lj9 00 

VIOEX FUllCTION STRIP �I�~� 00 2200A MAINfRAME 459 DO TAllOOll 80 TAK OISC DRIVE \V I PS :l•5 00INTEC PERIPHERALS M & A SUPERl£RM 80•2• 'llOEO 80 315 00 �2�a�6�~�C� 64K OVNAMlC AAr,1 539 DO fAllDOll 40 rRK DISK OAJVE WIPS 289 00RAM MODULES APPLE COOLlllG FAii �· "�~� 9S 2422 DISK CONT �~� CPIM' 359 00 LNW OOUSLER 'l/DOSPLUS 3 3 138 00 
�~�B�K� FOR ATARI �~�0�0� 199 00 11() JOYSTICK �.�:�~� 9) ?710 d SERIAL 110 '79 00 LNW 518 DOUBLER Vl /OOSPLUS 3 " 111 DO 
�l�2�~� FOR Ar ARI 800 6> DO TIG PAOOLE 29 g; ?1•6 2 SERIAL / 2 PARALLEL 110 269 00 r.100 111 DRI VE �~�I�T� W !DRIVES 675 00 

TIG SELECT -h-l'OAT 54 9J U20 .1 PARU El I10 199 00 
VERSA U PORT ?1 9!> 2810 Z 60 CPU 2;9 00PRINTERS MICRO SCI 1<2 VI/CONTROLLER 510 OU IBM DISK DRIVES 

R18801JS FOR MX 80 8 g; t.llCRO SCI Ai WIO CONiROLLER •19 00 QT COMPUTER PRODUCTS 
RIBBONS FOR MX ·100 ?4 00 MICRO SCI A40 W1COIHROL LER d79 00 18 SLOT Mlf WIP S 430 00 Aloflil BYI• s 30C·on dfrve k1lS IOI In• laM PC ­

ea;cti tot mcl1JC'tls '"s tallal1011 mstruc:tionsC HOit F 10 40 CPS �P�A�A�.�~�l�l�E�L� 1390 00 MtCM SC1 A40 WIO COUTROLLER 409 00 I? SLOT �l�/ �1�~� W1CUTOUJS �~�O�R� 2-5'1• 500 00 
C·llOH F 10 �~�O� CPS SERIAL 1390 00 MICRO SCI A70 WiCOr;TROLLER 629 00 I? S10T �~ �·� �/�~� l'/ICUJOU TS rnR 2·8 600 00 I lanoon nnDO· I S•ngl• "e•d •O rr> 195 OD 
C·ITOH l'ROWRllEA PARALLEL •80 00 MICRO SCI AIO WIO COllTROLLER 549 C>O 8 SlOl MIF WtCUIOUIS FOR H �~�5�0� 00 I lanoo• TMI00-2 lll'.lubte he-<lO •D lr<?G9 00 
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SUPER �r�f�~ 1 II ng 00 ·ru MA �f�~�t �t�m�u� StMP 100 00IBM HARDWARE LISA ; 5 ,9 9) ru l SP•mu Sft.R 160 00 
S[f, TTL[ Ii• RAW• )ID DO IRANSCrno •I 11' 00 
�o�u�~�o�a�o�~�R�D� 6•X 454 00 PEACHlRH SERIES 1 �r�~�a� 769 00 
�b�4�~� MEMORV Ul'13RA0( 80 00 SCRm.wmlEA II 99 00 TRS-80 GAMES 

OIC!IONA RY 79 00 �l�~�Y�A�O�C�A�S� f AOM SPACE 17 95ALPHA BYTE IBM MEMORY P NBf. LL 17 9'>
EXPANSION BOARDS CONTINENTAL SOFTWARE r.r1SSIL[ ATIACK 18 q:, 
�}�1�6 �~� w IRS ?32C 3•9 00 SI AR �F�I�G�~� rmG L 199 00 2H'> 
116> YI Ins 231C & SUPERCALC 529 00 SC ARlr.rAI/AIR 199 00 17 95 
'.J l?I>, W I RS 737C �~�9�9� 00 A p 199 00 
�)�1�2�~� W1RS 232C & SUPERCAlC 749 00 NV ROLL 199 nc TRS-80 SOFTWARE 

PROPERTY MGlii 199 DO 
HARD DISK THE HO �~�E� �A�C�C�o�u�1�r�r�~�r�i�1� -.,g g•, IJ[W00S l 80 1 0 MO O I 111 139 00 

llASl CL ASS MA IL �~�~� OIJ l>/f WRllEA WOO I II 16, 00DRIVE SPECIAL PllfJSIJf I ti [ '/SCRIPT 1,,00 I Ill �v�.� �/� �l�;�~�O�I�S�\�1�9� 00 
�~� •1, W1nchesrn·1 caoinet P S con1Hll ·t!l V ISICORP SPWl•t DEl IVERY 11 00 I ill 119 00 
assemj)leo ana �t�e�s�t�e�~� A11acMs 10 vour l 60 CPU DESKTOP PLAI/ 11 �1�& �~� OIJ ' �·�~�1�.� SPif.IAI OEL·VER• •.100 1111 199 00 
S:,"S1t:m 1n m1n111e-s Runs on Oonhs1ar �H�~�a�1�n �1� V1S1P101 �~� 'Ji! ljlJ ·Q•�.�  " �~�£�s�s� �· �~ �o�o� ' 2• 9o 
Zen .i" fRS 80 Moo ll Apple �~ �I� CP I M' CCS V1Sl1R[ llON•S•Pt01 (;;1'1(j') 1,11t11lfAM SMAA r IEA M MOO 1111 89 95 
.Jna �o�t�n�c�r�~� Harcwa1e �~�u�s �r� oe l·80 JCPM' VISIOE1 18'1 'J' t,• 1lROSOf 1 BASIC CGMP FOR �M�~�O� I 165 00 
!.ysl@m 1'11!! 1t\ctuCl@d Sf!lf 111s1a111ng sollwa1e .u v•'t1rf$Ol ll lfrfj', 100S01 MQOllll 11900 
1acnes •o ,our �C�P�O�~�'� sys 1em 6 m&n11l warr,an 
ly �~�4�o� elle:t on 'fO•I p1esen1 r1oppy 01sk system 
lntlo<le:s all cable$ ano �m�s�1�.�a �~� �1�a�1�t�D�n� 1nstrt1t11on!. 

t0 MEGASV rES ZJIO 00 
?O MEGA3VTES l\60 00 

ISOLATORS 
tSO 1 :, SOC KEl 
rso' 6 SOCKET 

BARE DRIVES 
TANDON 51/4 INCH 
100 I SINGtE HEAD •O IRK 191 00 
100 7 DUAL HEAD 40 fRK 269 00 
100 3 SINGLE HEAD BO fRK 250 00 
100 4 DUAL HEAD 00 TRK 369 00 

TANDON TH INLINE 8 INCH 
�8�~�8� I SINGH SIDE 379 OD 
848 ·2 DUAL SIOE 49D 00 

MICRO PRO 
" 

Save33% �
FRANKLIN ACE MICROBUFFER 32K .....299.00 
1000........................ ........ ...1595.00 NEC 12" GR EEN 
RANA DISK DRIVE•....... 449.00 MONITOR ......... .................200.00 

RANA DRIVE VERBATIM DISKS.......... ..45.00 �
CONT. CARD................... 135.00 � LIBRARY CASE................... 5.00 
C.fTOH 8510 
PRINTER....... - .................. 795.00 �~� 

Novv$2352 

APPLE CPIM �~�l�~�I�C�A�L�C� 189 00 APPLE GAMES
WOROSIAR " j ·99 00 'llSIFILES 189 OD 
SUPE RSORT " t 109 00 PERSONAL SOFTWARE 
MAIL MERGE " t 60 00 CP/M® SOFTWARE �C�~ �E�C�K�[�R� KING 21 95 
OA fASTAA" I 161 OD OAW MOl l GAMBLER 21 95 
SP[LLSTAR" 109 00 MON IV PLAYS M!HIOPOLV 29 95We tarr.,. CPI M I sonw.ire Ill a:n OGPUlilf ci -s ..; 

fo1 ma1s Ca11 tor Jv.a•labll•I y ana �0�1�1�c�~CAL CST AR" 109 00 
!HE WORD·S PEU �C�f�1�E�C�~� 69 00 BRODER BUND 
d BASE 11 429 00 GALAXV WAR 20 95MICROSOFT SU PER CALC 189 00 1.urn �T�V�P�~�O�O �N� 10 95 

APPLE SPHLGUARO 730 00 APPLE PANIC 23 61 
FDR IRAU' 1W 00 P & I �C�P �I �~�"� 1.1 00 11 fRS BO �1�7�~� 00 MIONIGHI MAGIC 27 26 
BASIC COMPILER" 3•5 00 �C�O�M �~�'�X� lERlll lNAL �~�l�l�G� 82 50 SPACE OUAnKs 24 95 

CO �~�O�l� • S>O 00 C BASIC Z 96 00 AUTOMATED SIMU LATIONS�~�A�S�C�A�L� Z 149 00 
111'/ASION ORION 20 9>

Z80 SOrlCARO 299 00 
PASCAL MT+ •39 00 

STAR WARRIOR 31 35 
RAMCARO 139 00 
rvPING TUTOR I: 9] PASCAL/M �1�0�~� 00 

TUES MORNING OU/I.Al ERBACK 25 95 Ol YMPIC OECATHLON 2• 9) Sl'SHM PLUS 
CRUSH CRUMBLE Mio CHO MP 14 95fASC APPL(SOfl COMPILER 143 00 Gll.AIA,11/P PI A 1799 DO 

COl100R I �~�7�9� 00 fHE DRAGONS HE 20 95 
C!HIOOR 11 U!q 00 tEMPlE OF APSHAI JI 35

IBM SOFTWARE HELLFIRE WARRIOR 31 35 
DIG ITAL RESEARCH RESCUE Af Rl(iEl 13 J6PEACfHAEE SEAIES ; 269 00 
l1•AC 89 00 �~�O�L�K�S�W�A� JER �I�J�~� 00 MUSE SOFTWARE SID 69 00 
lSIO 91 00 

WRlfE Oii 90 00 ROBOT WARS 32 9S
EASYl'fRllER 11 247 OD HIREE MILE ISL.ANO 31 61Pl / I 60 439 00 

A 8 M 19 46 
HOME l.CCOUl/fANT ..i. 105 00 
�~�I�S�1�C�A�L�C� I 156K 189 00 SUPERSOFT GLOBAL WAR 20 �9�~� 
�W�O�R�O�S�T�A�~� 28) 00 

DIAGNOSTIC I 69 00
�M�~�l�l�M�E�R�G�E� 79 00 

CA$ fLE WOLFE•lS !ErN Zl 36 

ON ·LINE SYSTEMS 
WIZARD MIO PRINCES 2726 
MISSILE OEfrnSE 2726 
SASOTAGE 20 95 
SOFI PORN ADVEIHURE 13 36 
THRESHOLD 31 16 
JAW BREAKER 23 36 
CROSSFIR[ 24 95 
TIME ZOllE 77 96 
HI R f()QIBALL 31 95 
HIR CRIBllAGE 20 9; 
PEGASUS 11 23 36 

SIRI US SOFTWARE 
SPACE EGGS n3o 
GORGO!/ 31 !G 
SNEAKERS 23 Ji 
EPOCK 27?6 
BEER AUN n Jo 
HAO ROI 29 95 
PU LSAR 11 23 36 

EDU.WARE 
PERCEPTION PKG 19 9J 
COMPU·REAO �2�~� 95 
COWl'IJ Mitt ARITHMETIC 39 95 
COMPIJ ·MAIH FRACTIONS 34 95 
CO MPU ·MATH OEClll!/l.LS 34 95 
COMPU ·SPELL iREO OAt A DISKI 24 95 
COlllPU SPELL DATA DISKS 4-8 ea 17 95 

MORE GREAT APPLE 
GAMES 
COMPUTER OUARTERMCK 31 16 
TORPEDO FIRE 49 95 
IHE SJ1AnEREO ALLIA'lCE 49 9> 
POOL 1 5 27 26 
Ulll YA JI 16 
RASTER BLASTER 23 J& 
FLIGH T SIMULAIOR 26 6' 
INTEAllATIDr<AL GAANO PRIX 25 95 
SARGON II 28 95 
SHUFFLE BOARD 29 9> 
�F�l�R�E �~�R�O� "95 
SNACK ATTACK IJ 36 
fHIH ?4 �9�~� 

ROACH HOTEL 27 26 
JABBERTALKV 24 95 
fHE WARP FACfOR 31 16 
COSMO MISSION 23 36 
1'/llAAORY 37 95 
ZORK I 28 DC 
ZOR 11 28 00 
DEADLINE 39 OC 

Call our Modem line for 
weekly specials. 

01AGNOSTtC u &9 00 
C•I• lor •dd1l1Cnal IBM soltwaie potees C COMP ILER 179 00 To order or for information call 

Ulll ITIES I �~�9� OD 
UtlliTIES 11 59 00 
AAlFOR 89 00 

MAGIC WINDOW 19 OD 

APPLE SOFTWARE 
FOR TRAii 73900 (213)706·0333M1.G1C SPELL 59 OD 

BASIC MAILER 59 00 M ICROPRO 
00 MASTER �1�6�~�0�0� l'IOROS TAA ?85 00 Modem order line: (213)883·8976 
08 MASTER UllllTV �P�A�C�~� 6SOCI SUPEASORI 160 00 
OMA CAPTURE 4 0180 �~�~� 9) r.' AILMERGE 95 00 We 9uaran1ee ever{lhmg we sell lor 30 days - no returns aft.el 30 clays Defective software 
PFS GRAPH �8�~� 95 DAiAST/\A no oo wll Ill! replaced tree. but all othe< software returns are sub1ect to 15% restocking lee and 
PFS 111Ew1PERSOt>AL FILING SYSlE r.' a: 00 SPHLSlAR 1oO 00 must be accompanied by RMA stljl No returns on game sohware. �u�n�~�s�s� �d�e �t �e�c�i�1�~�e
PFS RE POR T 79 00 CAlCS TAR 1% 00 We accept VISA and MasterC.lrd on all orders COD orders, up 10 SJOO
l IE RM" 89 9) 

Sh1pp1ng charges $3 lor all prepaid ordeis. actual shipping charges lor non· prepa1ds S3l rrnM PRO" 119 g; MICROSOFT 
tor COD a<clers uncier 251bs ($6 ro1 OV1lr) plus a $4 surcharge. aod 15% lor lore1gn, FPOASCII EXPRESS &J 9S BASIC 80 249 00 

EASv WAllEA PRO 199 00 BASIC COMPILER 299 00 aM APO orders. Cal1I add 6% sales tax , L A. County add 611>% 
EASV MAILER PAO 79 00 FQRTR4N 80 l59 00 Prices quoted are lor stock on hand and are sut>iecl to c11ange without notice 
EXPEDITER II APPl.ESOFI COMPILER 73 95 COBOL BO 419 00 
A51A1 COMP SIAllSf1CS PKG 119 OD MACRO BO 185 OD 3124 5 LA BAVA DRIVE, WESTLAKE VILLAGE, CALIFORNIA 91362 

Circle 1B on Inquiry card. BYTE Nov<mber Wiil 47 























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































llad1e lhaeK 

The biggest name in little computers '.. 


A DIVISION OF TANDY CORPORATION 


Circ le 387 on Inquiry card . 
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