


A new small computer �
that won’t limit you tomorrow �

New Cromemco System One shown with our 
high-capability terminal and printer. 

Expandability 



Here’s a low-priced computer that won’t run out 
of memory capacity or expandability halfway 
through your project. 

Typically, computer usage tends to grow, requir›
ing more capability, more memory, more storage. 
Without a lqt of capability and expandability, your 
computer can be obsolete from the start. 

The new System One is a real building-block 
machine. It has capability and expandability by the 
carload. • 

Look at these features: 

� Z80-A processor 

� 64K of RAM 

� 780K of disk storage 

� CRT and printer interfaces 

� Eight S-100 card slots, allowing expansion 
with 

color graphics 
additional memory 
additional interfaces for telecommunica›
tions, data acquisition, etc. 

� � Small size �

GENEROUS DISK STORAGE �
The 780K of disk storage in the System One 

Model CS-1 is much greater than what is typically 
available in small computers. But here, too, you 
have a choice since a second version, Model 
CS-1 H, has a 5" Winchester drive that gives you 
5 megabytes of disk storage. 

MULTI-USER, MULTI-TASKING �
CAPABILITY �

Believe it or not, this new computer even offers 
multi-user capability when used with our advanced 
CROMIX* operating system option. Not only does this 
outstanding O/S support multiple users on this com›
puter but does so with powerful features like multi-

pie directories, file protection and record level lock. 
CROMIX lets you run multiple jobs as well. 

In addition to our highly-acclaimed CROMIX, there 
is our coos�. This is an enhanced CP/Mt type system 
designed for single-user applications. CP/M and a 
wealth of CP/M-compatible software are also 
available for the new System One through third›
party vendors. 

COLOR GRAPHICS/WORD PROCESSING 
This small computer even gives you the option of 

outstanding high-resolution color graphics with our 
Model SDI interface and two-port RAM cards. 

Then there’s our tremendously wide range of 
Cromemco software including packages for word 
processing, business, and much more, all usable 
with the new System One. 

ANTI-OBSOLESCENCE/LOW-PRICED 
As you can see, the new One offers you a lot of 

performance. It’s obviously designed with anti›
obsolescence in mind. 

What’s more, it’s priced at only $3,995. That’s 
considerably less than many machines with much 
less capability. And it’s not that much more than 
many machines that have little or nothing in the 
way of expandability. 

Physically, the One is small - 7" high. And it’s all›
metal in construction. It’s only 141/a" wide, ideal for 
desk top use. A rack mount•option is also available. 

CONTACT YOUR REP NOW 
Get all the details on this important building-block 

computer. Get in touch with your Cromer ico rep 
now. He’ll show you how the new System One can 
grow with your task. 

"CROMIX and COOS are trademarks of Cromemco Inc. �

tCPIM is a trademark of Digital Research �

C3 Cronaenaeo� 
incorporated 
280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 � (415) 964-7400 
Tomorrow’s computers today 
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" .. .stands well above 
other S-100 graphics dis› " . . . better monochromatic
plays in its price and per› . . . display . . .. " 
formance range." ELECI'RONIC DESIGN, 

BYTE, Product Review 1981 Technology Forecast 

MICROANGELO �
HIGH RESOLUTION GRAPHICS SINGLE BOARD COMPUTER 
512 x 480 resolution black and white and vivid color displays 

RS-170 com› Light pen 
posite or direct interface 
drive output Time multi›

p lexed refreshLocal or external 
sync generation 4K resident 

Screenware� 
4 Mhz ZBO Pak I operating 
microprocessor system 

32K RAM 60 hertz real›
isolaled fromtime clock 
host address 

space
8 level interrupt 
tie-in High speed 

comm uni calions 
IEEE S 100 bus over parallel 
compatible bus ports 

Screenware� Pak I And now . ..COLOR!! 
A 4K byte operating system resident in PROM on The new MicroAngelo� Palette board treats from 
MicroAngelo�. Pak I emulates an 85 character 2 to 8 MicroAngelos as "bit planes" at a full 
by 40 line graphics terminal and provides over 512 x 480 resolution. Up to 256 colors may be 
40 graphics commands. Provisions exist for user chosen from 16.8 million through the program›
defined character sets and directly callable user mable color lookup table. Overlays, bit plane 
extensions to Screenware� Pak I. precedence, fade-in, fade-out, gray levels, blink›

ing bit plane, and a highly visual color editor areScreenware� Pak II 
standard.

An optional software superset of Pak I which �
adds circle generation, polygon flood, program› Ask about our multibus and RS-232 versions. �
mable split screen for separate graphics and ter›�
minal I/O, relative coordinates, faster vector and 
character plotting, a macro facility, full UCSD SCIDN 
Pascal compatibility, and more. Circle 363 on inquiry card. 

12310 Pinecrest Road � Heston, VA 22091 � (703) 476-6100 � 1WX: 710-833-0684 
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foot-note, n. 1. a note or 
comment at the end of a 
page, referring to a specific 
part of the text on the page. 
2. an essential program for 
the serious WordStar user. 

FOOTNOTE™ brings full foot­
noting capabilities to WordStar™. 

FOOTNOTE automatically num­
bers both footnote calls and foot­
notes, and formats the text, 
placing footnotes on the bottom 
of the correct page. At the user's 
option, the footnotes can also be 
removed from the text file to a 
separate note file. 

Footnotes can be entered singly 
or in groups, in the middle or at 
the end of paragraphs, or in a 
completely separate note ti le. After 
running FOOTNOTE the user can 
re-edit the text, add or delete 
notes, and run FOOTNOTE again 
to re-number and re-format the 
WordStar file. 

The price is $125., and includes 
PAIR, a companion program that 
checks that printer commands 
to underline or set in BOLDFACE, 
are properly terminated . FOOT­
NOTE and PAIR require CP/M™, 
WordStar, 48K RAM and a Z80 or 
8080/85 computer. 

SOFTWARE 
SOFTWARE 
DIGITAL M-1RKETING 
DIGITALMARKETING." 

2670 Cherry Lane • Walnut Creek • CA 94596 

(415) 938-2880 
Telex #17-1852 (DIGMKTG WNCK) 

Products of 

PROITEMTM. 

FOOTNOTE and PAIR llademarks of PRO/TfM Software lr.c 
Word S1ar irademark o! Mifropro tn!'I 
CP/M lrademark of Orgi!al Research 

Bditorial ›

A Revolution �
in Your Pocket �

by Chris Morgan, Editor in Chief 

Imagine a terminal that costs about $500 and can: 

�access the Source, Compuserve, Dow Jones, or other remote database or 
computer services 
� automatically handle the protocols to access these services so that you 
need only enter your password to be online 
� have a full ASCII character set 
�have a built-in modem with autodialer and full- and half-duplex 
capability 
� be able to emulate other terminals 
� have an uninterruptible power supply 
� fit in your pocket �
� operate from a battery �

Sounds amazing, doesn’t it? Yet it’s not fantasy; the product does exist It’s 
called the IXO Telecomputing System (hereafter referred to as the Telecom›
puter), and it’s featured on our cover this month. 

Photo 1: The /XO T elecomputing System. It's a complete pocket terminal with built-in 
modem and autodialer that will sell for about $500. The phone number displayed is 
IXO's Access Center. 
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Introducing the first totally compatible 
Floppy Disk Drive. 

Rana Systems has designed atotally 
compatible disk drive for Apple, that's better 
than Apple's. Ahigh density, high capacity disk 
drive and controller that offers a myriad of 
features Apple never thought of. Unique advan­
tages that get the maximum efficiency out of 
your existing Apple 11® hardware and software. 

At Rana, we knew you wanted more 
storage, so we went right to the core of the 
problem. Even our most economical model is 
designed to give you 150/o more storage capac­
ity than Apple's. Our top-of-the-line unit gives 
Apple II is a registered trademark of Apple Computer inc. 

you 4 times the capacity of Apple's comparable 
unit. Even our design is far more dramatic than 
theirs. With lines that actually complement the 
sleek Apple 11 computer. 

We're a step ahead of Apple because 
we have a faster step. 

Holding more information is even 
more valuable when you can get it faster. The 
Rana System track positioning mechanism is 
engineered to access three to four times faster 
track to track, with greater accuracy than 
Apple's. Our disk drive offers safeguards like 
astall provision to protect spin motor burnout, 







Your computer is capable of sending data 
at thousands of characters per second but 
the Epson can only print 80 characters per 
second. 

This means your comput.er is forced to 
wa,it for the printer to finish one line before it 
can send the next. A waste of valuable time. 

THE NEW MICROBUFFER™ 
ACCEPTS DATA AS FAST AS 

YOUR COMPUTER CAN SEND IT. 
Microbuffer stores the data in its own 
memory buffer and then takes control of 
the printer. This frees your computer for 
more productive functions. 

PARALLEL OR SERIAL 
Microbuffer model MBP-16K is a 
Centronics-compatible parallel interface 
with 16,384 bytes of on-board RAM for 
data buffering. 

The MBS-8K is a full -featured RS-232C 
serial interface with both hardware and 
software (X-On/X-Off) handshaking, baud 
rates from 300 to 19,000 and an 8,192 byte 
RAM buffer. 

SIMPLY PLUG IT IN. 
Either model fits the existing auxiliary 
interface connector inside the Epson MX-80, 
MX-80 FIT or MX-100 without modification, 
and is compatible with standard Epson 
cables and printer control software, 
including GRAFTRAX-80. 

JUST $159.oo· 
When you think how much time Microbuffer 
will save, can you afford not to have one? 
Call us for your nearest dealer. 

PRACTICAL PERIPHERALS. INC. 
31245 LA BAYA DRIVE, WESTLAKE VILLAGE, CA 91362 • (213) 991-8200 

•Suggested retail price for either model. 
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The Missing LINC 

keep seeii the "personal computer 
era" referred to as having begun in the 
mid-1970s, as if it. required the microchip 
to make it possible to design hardware 
and software for a single-user computer. 
But there are important antecedents to 
this, dating back twenty years, and they 
were not hand-held calculators so much as 
proper computers with analog interfaces 
and mass storage-namely, lab com­
puters. 

In 1962, at MIT's Lincoln Labs, Wesley 
Clark and Charles Molnar designed the 
LINC (Laboratory INstrument Com­
puter), to be used in a research lab in a 
manner analogous to an oscilloscope. U 
wasn't merely its display and analog-to­
digital converters (hence joysticks and 
Spacewar) which made it unique: its soft­
ware was designed to enable the scientist­
user to program without a professional 
programming staff. Much of the design 
rationale was process-control oriented 
(hence interrupts) so that online data 
analysis could be performed during an ex­
periment, allowing modification to the ex­
perimental protocol. But having such a 
friendly computer in the room, shared 
only with the other users of the same lab, 
created the atmosphere of "personal com­
puting" a decade before mass-market 
economics extended it. 

The first 24 LINCs (with their small 
memories and dual small-reel magnetic 
tapes -so-called LINCtapes-which were 
the forerunners of the floppies) were built 
under a government research grant and 
distributed around the country in 1963 to 
various physics, chemistry, and life 
sciences labs (they were especially impor­
tant in my own field of neurobiology). 
With the plans in the public domain, 
several computer manufacturers began 
selling them (Digital Equipment Corpora­
tion's version cost $54,000-and in 1966 
dollars, at that) and improving on the 
design (DEC's LINC-8 and PDP-12 were 
the major extensions). In essence, 
thousands of users experienced the per­
sonal computer revolution in the 1960s 
and helped shape its present philosophy. 

It is curious how this heritage has been 
forgotten in the great expansion. One con­
sequence is an excessive amount of rein­
venting the ·wheel. The interactive soft­
ware packages developed \iy LINC users 
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(especially at Washington University and 
the University of Wisconsin) were ex­
cellent-I have yet to see a statistics-and­
plotting package for microcomputers 
which equals LINDSY for the LINC, and 
the LINC's text editor and operating sys­
tem (LAP) puts CP/M to shame. And­
another forerunner of the present micro­
computer situation-the really good 
general-purpose software came from small 
groups, not manufacturers. 

Most people tend to compare new 
microcomputer software to fancier main­
frame versions, but it is often more ap­
propriate to compare it to the lab com­
puter antecedents, which shared a similar 
philosophy. It is the design philosophy for 
microcomputers that so sets them apart 
from the staffed mini- and main-frame 
computers, and it is that single-user-as­
master philosophy that was so extensively 
developed by the LINC users. 

William H. Calvin, Ph.D. 
r Associate Professor of Neurophysiology 

Department of Neurological Surgery 
Rl-20 

University of Washington 
Seattle, WA 98195 

Computer Scrabble* 

We were pleased to see an article dis­
cussing the feasibility of a computer op­
ponent for Selchow & Righter's popular 
Scrabble word game (see "Computer 
Scrabble," December 1981 BYTE, page 
320). Others who are intrigued by this 
concept will appreciate knowing that the 
state of the art in microcomputer Scrabble 
has made a great leap forward. It is far 
beyond the boundaries that Mr. Roehrig 
tells us will not be broken by anything less 
than a new, superior generation of micro­
computers. 

"Monty plays the Scrabble Brand 
Crossword Game" (a computer-opponent 
program available on disk for the Apple II 
and TRS-80 Models I and III from Ritam 
Corporation for $39.95) demonstrates 
both speed and ability, within the con­
straints of today's microcomputers. 

Monty spends an average of only 41/2 

minutes per move at the highest skill level, 
and yet it uses an extensive word list (over 
50,000), based in part on the Official 
Scrabble Players Dictionary. 

As for memory, the program requires 
no more than 48K bytes for Apple and 
32K bytes for TRS-80 versions, much of 
which is devoted to machine-language 
graphics, music, and other user-interface 
requirements. The dictionary is accessed 
from disk and is stored in an average of 
only two bytes per word (with an average 
length of 6 or 7 letters) by use of advanced 
compression techniques. In addition, 
Monty is capable of challenging other 
players' words, based on linguistic anal­
ysis, without accessing the disk. 

To give Mr. Roehrig's efforts due 
credit, the "game's complexities" do offer 
a challenge! It took us several major 
design breakthroughs, over four man­
years of programming (for three different 
computers), and a lot of determination to 
develop ''Monty plays Scrabble" without 
conceding to "certain constraints" on 
word length, search, and placement. 

Although his conclusion that "im­
proved computerized Scrabble will re­
quire a faster host computer with more 
memory capacity" has been disproved by 
example, we thank Mr. Roehrig for his ar­
ticle. It makes our endeavor seem quite 
worthwhile when we learn that we've 
achieved the impossible! 

By the way, Mr. Roehrig neglected to 
properly acknowledge that Scrabble is a 
trademark of the Selchow & Righter Com­
pany, and to disclaim, as does Ritam, any 
sponsorship or endorsement by Selchow 
& Righter. 

Robert Walls, Presirlf!nt 
Ritam Corporation 
POB 921 
Fairfield, IA 52556 

* Scrabble is a registered trademark of 
Se/chow & Righter Company. We apolo­
gize for not acknowledging this in a prior 
article . . .. MH 

More Commbat 

I would like to thank George Stewart 
for his excellent and perceptive review, 
"Commbat: A Tele-Game for Two," in 
the December 1981 BYTE (page 100). He 
captured my motivation for creating 
Commbat in the first paragraph. 

The problems he mentioned of synchro­
nizing both systems upon initial start-up 
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column card: 
� 80 characters x 24 lines 
� True decenders 
� 7 x 9 character resolution 
� Low power consumption 
� Compatible with most word 

processors 
� Softcard and CPI M compatible 
� Modem compatible 
� �Most popular character set of 

any 80 column card 
� Alternate character fonts available 
Suggested retail price $345.00 

Video 
Switch is 
an auto›
matic ver›
sion of the 
popular 
Switch›
plate. It 
knows 
whether it should display 40 or 80 
columns or Apple graphics. It does 
the tedious work of switching video›
out signals so you don’t have to. The 
Soft Video Switch can be controlled 
by software. Any Videoterm with 
Firmware 2.0 or greater may be 
used with the Soft Video Switch. 
The single wire shift mod is also sup›
ported. Package price is $35.00. 

• KEYBOARD AND 
DISPLAY ENHANCER 

The original Keyboard and Display 
Enhancer is still available for Revi›
sion 0-6 Apples (on which the new 
Enhancer ][ will not fitl. These 
Apples have memory select sockets 
at chip locations 01 , E 1 & F 1. The 
Keyboard and Display Enhancer 
al!ows entry and display of upper & 
lower case letters with fully func›
tional shift keys. It does NOT have 
user definable keys nor a type ahead 
buffer. The price is $129 .00 . 

(includes) 
� Font Editor 
� Pascal Mid-Res Graphics 
� Applesoft Read Screen Utility 
�Top & Bottom Scrolling 
� Pascal Vidpatch 
� Graphics Template 

Character Set EPROMs $29.00 ea 
� � Half Intensity 
� Inverse 
� German 
� Katakana (Japanese) 
� Line Drawing Graphics �

(Expanded) �
� Spanish 
�French 
� Math & Greek Symbols 
� Super & Subscript 

Dvorak EPROM 
(Enhancer) 





Ournewguarantee �
covers two lifetimes. �

A lifetime of performance. All Memorex® We'll help you isolate and correct any prob-
disc packs and cartridges are now warranted to lems that relate to the operation of our disc 
be free of defects in material and workmanship packs or cartridges for as long as you use them. 
and will perform according to read/write It's that simple. To find out more about our 
capability for as long as they're properly used new* Comprehensive Guarantee of Satisfac­
and maintained. Any product that fails to do tion and Service, call or write: Marketing 
so will be repaired or replaced by Memorex. Manager, Memorex Rigid Media and 
No hassles, no excuses. Components Division, 1125 Memorex Drive 

A lifetime of service. Second- MEMOREX MS-0064, Santa Clara, Cali­
ly, you get a lifetime of technical fornia 95052. Telephone: 
assistance from Memorex. A Burroughs company (408) 987-0267. 

Circ le 479 on inqu iry card. 

© 1981 MEMORE X CORPORATION. MEMOREX IS A REGISTERED TRAD EMARK OF MEMOREX CORPORATION. ' Effective 11 /1/81 









DISCOUNT & BONUS COUPONS �

tor 

PRINTERS, DISK DRIVES, DISKETTES, SOFTWARE, BOOKS 

and MORE! 

No gimmicks! For BIG SAVINGS on top-quality products 

from well-known suppliers, just circle your@j) on 

Reader Service Card and mail it today, or send your name 

and address to: 

FREE COUPONS �
P.O. Box 32010 �

Cleveland, Ohio 44132 �

NOTE: There is absolutely nothing phony about this offer. The companies 
extending these unusual bargains want and appreciate your business. The 
least expensive method of introducing top-quality products is by direct mail. 
The companies save money ... and so do you. No tricks, no obligation. Just 
good business ... 



Letters------------------------------------------------------------------­
sonal bias and technical incompetence in 
the designers. All responses to this review 
step must be dealt with before the stan­
dard can be established. The draft stan­
dard need not be modified for every re­
sponse, since some of them will them­
selves be biased or incompetent, but all 
responses must be considered. 

The American National Standards In­
stitute (ANSI) and the IEEE, as a member 
of ANSI, are set up to develop standards 

Maybe we goofed by no: charging more 
for The WORD. Our customers tell us we 
must be crazy, giving away th is much 
software for only $75. 

What's wrong with it? 

Frankly, we're a little hurt when people 
ask us this question. We · guess everyone 
must be getting used to paying $200 to $300 
for decent software. Anything that costs 
less must be 'junk. Right? ... WRONG!!! 

The WORD is not only cheaper, it 's 
better! 

Available NOW for: 
8" single CP/M., coos™ 

XEROX 820 (8" only) 
lntertec Superb rain TM 

Apple™ with CP/M Softcard 
135.000 word dictmnary) 

North Star™ Double/Quad with CP/M 
CP/M 1s a registered trademark ol Digital Research 

OASIS SYSTEMS 

WHY DOES OUR SPELLING CHECKER �
COST LESS THAN THEIRS? �

2765 REYNARD WAY, SAN DIEGO, CA 92103 

by these procedures, and the standards so 
developed do receive wide public accep­
tance. Although it is still being reviewed 
and revised, the proposed standard for the 
S-100 bus is an example of such success. 

What about the wrong way? Usually it 
is some variety of "Let's standardize on 
my way of doing it." A lot of standards 
are proposed this way, and some actually 
succeed. If they succeed, it is in spite of 
the attitude, not because of it, and then 
only because the proposer has done the 

The WORD gives you more! 

The WORD gives you a 45,000 word 
dictionary that fits into less than 140K of 
disk space. 

The WORD works with your favorite 
text editor and marks mistakes in your 
document for easy, in-context, correction. 

The WORD's one·touch word review 
lets you add new words to the dictionary 
with a single keypress. You can build your 
own custom dict ionaries too! 

The WORD wi ll look up the correct 
spe lling of misspelled words. 

The WORD analyzes your writ ing, 
count ing words and showing you how 
often each word was used. 

The WORD has a special homonym 
helper feature to deal with these pesky 
words. 

The WORD will find rhyming words, 
solve crossword puzzles, and much more! 

CALL TODAY! 
(714) 291-9489 

technical homework and controls the 
marketplace (for example, IBM, which is 
known for this attitude). 

How does DIF fit in? [Editor's Note: 
DIF, for Data Interchange Format, is a 
method for representing data in a pro­
gram so that it can be transported directly 
to other programs. See "DIF: A Format 
Between Applications Programs" by Can­
dace E. Kalish and Malinda F. Mayer, 
November 1981 BYTE, page 174.] Soft­
ware Arts is promoting DIF as a standard, 
using the "let's do it my way" approach. It 
may succeed at this, because Visicalc hap­
pens to dominate the market. It may even 
be that DIF is a good technical proposal, 
but we cannot know this without the pro­
per review procedures, which Software 
Arts has bypassed. 

I think it is unfortunate that monopoly 
industries like IBM and Software Arts can 
wield such Machiavellian powers as to im­
pose on the rest of the world standards 
like EBCDIC (extended-binary-coded­
decimal interchange code) and (possibly) 
DIF without the benefit of good technical 
review. 

Tom Pittman 
ltty Bitty Computers 
POB 23189 
San Jose, CA 95153 

I concur with Mr. Pittman 's rational ap­
proach to the establishment of a standard. 
However, our industry does not always 
behave rationally. I take issue with the 
implication that IBM and Software Arts 
are necessarily Machiavellian or even 
monopolistic. To be monopolistic, by 
definition a company must have exclusive 
control of the means of producing a pro­
duct or service. Visicalc may be the best­
selling microcomputer program of all 
time, but that hardly excludes competitors 
from offering their own types of spread­
sheet programs. In the case of IBM, what­
ever its past record has been in the main­
frame market. its behavior in the personal 
computing market has been remarkably 
open and nonmonopolistic, if I may use 
that term . . . CM 

Multlcolored Players, or �
The Atari Tutorlal Debated �

I enjoyed reading Chris Crawford's 
'The Atari Tutorial, Part 3: Player­
Missile Graphics" in the November 1981 
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The considerable 
benefits of aper­
sonal computer like 
the Osborne 1® are 
often intangible, 
often exciting, and 
always expanding. 

The value of the 

$1795 includes this 
hardware: 
Z80A1M CPU with 64K RAM 0 
Dual floppy disk drives with 100K 
bytes storage each 0 5" CRT 0 
Business keyboard with numeric 
keypad and cursor keys 0 
RS-232C Interface 0 
IEEE 488 Interface 0 
Weather-resistant, portable 
housing 0 Operates on European 
and American voltages 0 

$1795 includes this 
software: 
D CP/M ®Operating System 
D WORDSTAR ®word 
processing with MAILMERGE 
D SUPERCALC™ electronic 
spreadsheet 
D CBASIC ® 
D MBASIC ® 

Osborne 1is clear Trademarks: Z80A: Zi logCorpo1alion 
SUPERCALC· Sorcim Corporation 
Registered Trademarks : -t1SBORNE �
OSBORNE I: OsborneCompuler Corporation 
CP /M: Digital Resea1th MBASJC: Microsotr 

Avai lable at your local computer reta iler. 

and simple: 
CBASIC: Compile• Systems. Inc 
WOROSTAR. MAIL MERGE MicroPro tnlemalional$1795. Complete. 

-­











Deleting files: Take any files you 
no longer need and deposit them in 
the wastebasket. They probably will 
be gone in the morning. In most of­
fices, this can also be accomplished 
by leaving the files in the open, for­
getting to remove them from the 
copying machine, or writing CON­
FIDENTIAL on the file in bold letters. 

Appending files: Place the first file 
on top of the second file. Treat the 
two files as though they were one file. 

Justification:Most word processors 
have little justification. This word 
processor has no justification at all , 
as it does not even lend prestige to the 
office where it is used, which is the 
justification for most word 
processors. 

Printing Files 
A printer for the GWP must be 

purchased separately. For conve­
nience of operation, we recommend 
an ordinary typewriter and a typist. 
Give the text to the typist and tell him 
or her to type it. Printing speed can 
be improved by increasing the wages 
of the typist, threatening to withhold 
the wages of the typist, kidnapping 
pets, plants, or children of the typist, 
instigating intimidating tactics, and 
other conventional office-personnel 
management techniques. Printing 
speed can be decreased by asking to 
see the text, making continual 
changes in the text, asking the typist 
to answer the phone, decreasing the 
typist's wages, and installing a con­
ventional electronic word processor. 
You will soon learn to adjust the 
printing speed to the optimal level for 
your particular needs. 

Copyright © 1981, Generic Word 
Processing Inc ., Skokie, IL 60076 

(WARNING: This system and ac­
companying documentation are fully 
protected under the provisions of the 
Galactic Copyright Convention, ser. 
B, Riga[ system, Code 56- *ADF6 
45932030: f. Duplication is strictly 
prohibited without the permission 9f 
copyright owner. Violators will be 
prosecuted to the fuliest extent of the 
law or devoured at the discretion of 
the copyright owner or such agents as 
the copyright owner may choose to 
designate .) • 
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CompuView �

New! 
CP/Af·86 For 
IBM PERS()NAL COMPUTER 

The first available implementation of CP/M-86 for 
the IBM Personal Computer has the features needed to run 

. the full range of CP/M-86 application programs. · Included 
are serial and parallel printer support, a 'smart' screen 
driver which can emulate most popular CRT terminals, 
and double density 193K/drive disk capacity. The Tecmar, 
Inc. Winchester hard disk & other peripherals are also 
supported. 

Innovative features include built in horizontal 
scrolling and screen line editing which lets the user 
extensively edit or re-enter any line on the screen for 
CP/M and application programs. Besides editing the line 
being typed in, the cursor may be moved to any line on 
the screen, and the line edited by overtyping or inserting 
and deleting characters. Typing the 'Return' key will then 
send the line, as it appears on the screen, to Cp/M. While 
common on mainframe systems, this screen line editing is 
new to CP/M and greatly reduces the amount of retyping 
necessary due to mistyped or repeated commands. 

CompuView CP/M-86 for IBM Personal Computer. . . $325 
VEDIT-86 with above purchase. . . . . . . . . . . . . . $100 

8086 Software 
• VEDIT full screen editor for CP/M-86, SCP 86-DOS, 
IBM Personal Computer ·and IBM Displaywriter. Disk and 
Manual . ...... .. . . ... .... . .. . ..... . $195 

• CP/M-86 BIOS for popular S-100 disk controllers and 
SCP 8086 computer. Source Code . . . . . . . . . . . . $90 

V-COM Disassembler 
Finally a Z-80 disassembler for C.P /M which produces 

easy to read code, a cr9ss reference table and handles 
INTEL and ZILOG mnemonics. V-COM is exceptionally fast 
and produces an .ASM file directly from a .COM file. 
V-COM can accept two user created information files. One 
contains assignments of labels to 8 and 16 bit values; the 
second specifies the location of tables and ASCII strings. 
The resulting .ASM file will then contain labels and proper 
storage allocation for tables and strings. Each information 
file may contain nested 'INCLUDE' to other files. r'.ach 
package includes a 30 page manual, sample program files 
and variations of V-COM compatible with the TDL, MAC 
and two types of ZILOG assemblers. . . . . . . : . . . . . $80 
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Figure 2: Cross section of the structure of a standard visible red light-emitting diode . 

Blue LEDs at last 
Longtime readers of BYTE may 

recall Steve's article from several years 
ago on a self-refreshing LED graphics 
display (see reference 2). In it, he 
described how single-color graphic im­
ages can be farmed on display panels 
containing arrays of many red light­
emitting diodes and suggested that 
multicolor images could be displayed 
on a panel that contained arrays of 
triads of different-color LEDs. But his 
suggestion was ahead of technology. 
At that time, no practical method was 
known for making an LED that could 
emit blue light. 

Now the blue-light barrier has been 
broken, and in a way eminently suit­
able to flat-panel graphics displays. In 
October 1981, the Sanyo Electric Com­
pany of Japan unveiled an LED lamp 
component that contains two separate 
LED chips, one of which emits blue 
light at a wavelength of 480 nano­
meters (see reference 3). The blue­
emitting chip is formed from two 
liquid-phase-epitaxial layers of silicon 
carbide grown on a silicon-carbide 
wafer. The other chip, made of gallium 
phosphide with four epitaxial layers, 
can emit both red light at 700 nano­
meters and green light at 565 nano­
meters. A single component that can 
produce all three additive primary col­
ors makes possible a full-color, flat­
panel LED graphics display. 

The voltage potential dropped by 
the blue LED chip is about 3 .5 V, pro­
ducing 2 med (millicandelas) of light, 
while the two-color chip drops 2 V for 
3 med of green light and 1. 9 V for 3 
med of red light. Thus we see that real 
components reflect the theoretical 
predictions of greater efficiency at 
longer wavelengths. .. . RSS 

all of them at 40 kHz. Modulating a 
100-watt incandescent light bulb at 
such a high frequency is out of the 
question: the thermal time constant 
of the filament is much too long. The 
only light sources capable of switch­
ing at such a frequency are elec­
troluminescent devices, of which the 
light-emitting diode (LED) is the least 
expensive and most familiar. 

In a light-emitting diode, shown in 
figure 2 on page 42, light is generated 
when a forward-bias current is ap­
plied. This causes electrons to be in­
jected into the n-type (negative­
doped, electron-rich) semiconductor 
material and holes (shortages of elec­
trons) to be injected into the p-type 
(positive-doped, electron-poor) 
material. 

When the injected electrons and 
holes recombine with the majority 
carriers at the p/n junction, energy is 
released in the form of photons. The 
pattern of radiation emission can be 
controlled somewhat by reflective 
surfaces within the mounting struc­
ture and by plastic lenses . Generally, 
a spherical dome lens with a narrow 
beam width is best for communica­
tion. 

The color of the light emitted de­
pends· upon what semiconductor 
materials are used in the pin junction 
and how they are doped (seeded with 
selected impurities): the amounts of 
energy released in the electron/hole 
recombinations of different materials 
vary, and the wavelength (and there­
fore the color) of light varies in a 
direct relation to the amount of 
energy contained in its photons. 

Most of the semiconductor 
materials used in LEDs are com­

pounds of gallium: gallium arsenide 
phosphide (GaAsP, which emits red, 
orange, or yellow light), gallium 
phosphide (GaP, green emitting), 
gallium aluminum arsenide (GaAlAs, 
red emitting), and gallium arsenide 
(GaAs, which emits infrared photons 
at about 900 to 1000 nm). The effi­
ciency of an LED depends upon 
wavelength. The longer the wave­
length, the higher the efficiency (see 
the text box "Blue LEDs at Last"). 

Operating at longer wavelengths, 
infrared LEDs are more efficient than 
visible-light red or green LEDs; IR 
LEDs are therefore preferred for line­
of-sight beam breaking or communi­
cation. For a given power input, an 
IR LED produces a brighter light than 
a green LED. Many IR LEDs have 
radiant-power outputs of more than 
10 mW (milliwatts)-for instance, the 
TIL39 component I have been experi­
menting with has an 11-mW output at 
940 nm. 

Efficiency is important, because an 
LED is almost a point source of light. 
The illumination it casts on a surface 
is proportional to its brightness and 
inversely proportional to the square 
of the distance to the surface . If we 
want our open-air communication 
link to operate over distances as great 
as 10 meters, our LED light source 
must be very bright to produce an ac­
ceptable signal-to-noise (SIN) ratio 
using an ordinary-sized receiving 
photosensor measuring perhaps 0.1 
cm2 (square centimeter). 

Other incentives for using IR light 
are reduced sensitivity to ambient 
visible light, greater ability to pierce 
through fog or smoke, and better re­
flection off most surfaces for a greater 
chance that the receiver will be able 
to see the light source. 

Choosing the Light Detector 
Choosing the proper light detector 

is as important as selecting the light 
emitter. Selectivity, response, and in­
herent noise are important considera­
tions. 

There are many materials which 
function as photoconductors. The 
simplest are bulk materials such as 
cadmium selenide (CdSe), lead sulfide 
(PbS), and cadmium sulfide (CdS). 
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Figure 3: Block diagram of the internal structure of the Texas Instruments SN76832AN 
Infrared Remote-Control Receiver. 

cuits and discrete components. It con­
nects directly to a PIN photodiode 
and is designed to receive and detect 
digitally encoded information modu­
lated on a carrier (typically 40 kHz). 
It has an open-collector gated output 
suitable for direct operation with a 
microprocessor. For the benefit of 
readers of BYTE, the Micromint will 
be distributing a kit that includes the 
SN76832AN (see page 49). 

A block diagram of the SN76832AN 
receiver chip is shown in figure 3 . In­
side the receiver chip, the signal from 
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the photodiode is connected to an 
amplifier with an input impedance of 
220 kilohms and a typical gain of 1.6 
million volts/amp at 40 kHz. The 
output of this first amplifier stage is 
fed to a differential amplifier coupled 
to the demodulator section. 

The receiver chip demodulates the 
signal by comparing its amplitude 
and phase with that of reference 
signals produced by a voltage-con­
trolled oscillator (VCO) and a fre­
quency divider. The bandwidth and 
capture frequency are controlled by 

OUTPUT �
FILTER �
CAPACITOR �

external passive components. The de­
modulated output signal is filtered 
and gated by the output-enable con­
trol signal. (A high level on the 
output-enable line causes the demod­
ulated signal to appear on the output 
line. If the demodulated signal is to be 
constantly present, the output-enable 
line should be tied high.) 

Figure 4 on page 45 is a schematic 
diagram of the completed circuit for a 
very sensitive IR receiver which oper­
ates at a carrier frequency of 40 kHz. 
A prototype is shown in photo 2. 

In the receiver circuit of figure 4, 
potentiometer Rl sets the frequency 
of the VCO, which is twice that of the 
capture frequency (the center fre­
quency of the incoming modulated 
carrier signal). With the external 
oscillator-control components shown, 
this circuit can detect carrier frequen­
cies from 20 kHz to 70 kHz. The rest 
of the components, however, are op­
timized for 40-kHz operation. The 
photodiode I suggest is a type TIL413, 
because it has a spherical lens that 
allows it to "see" over a wider angle, 







In the transmitter circuit, ICl is 
configured as a low-frequency 
oscillator. The four switches control 
the frequency of the oscillator. With 
the "1" button pressed, an 8-Hz, 
SO-percent-duty-cycle waveform is 
directed to the IR LEDs. Pressing "2" 
produces a 16-Hz waveform, pressing 
"4" produces a 32-Hz waveform, and 
pressing "8" produces a 64-Hz wave­
form (the exact frequencies may vary 
somewhat). By pressing two or more 
of the buttons together, a total of 16 
distinct frequencies can be created. 

System Testing and Use 

To test the transmitter and 
receiver, aim the transmitter's IR · 
LEDs in the general direction of the 
receiver unit and press the buttons. 
The output signal from the receiver 
should be the frequency correspond­
ing to t0e switch operated on the 
transmitter. 

The single-bit output of the 
receiver can be connected to any con­
venient input line on your computer 
(such as a game-paddle input), and a 
simple program can be written to 
count and determine the frequency of 
the input signal. While much higher 
frequencies can be transmitted by this 
system, I chose these low, pulsed fre­
quencies so that even a BASIC pro­
gram could count the frequency. 
Nevertheless, if the frequencies are 
still too fast, simply substitute a 
higher capacitance for Cl in the 

·transmitter circuit of figure 5 on page 
46. 

The external modulation input of 
the transmitter is quite suitable for 
use in a wireless data link. Attach a 
serial output from your computer to 
the external data-input line, and con­
nect the output of the receiver to 
another computer or to a remotely 
located printer. 

In fulfillment of my original plan, I 
decided to configure the transmitter 
in my infrared remote-control system 
as a hand-held actuator. 

If you simply want an infrared 
beam source for use as an intrusion 
detector in a security system, you 
don't have to build the entire data­
transmission circuit; the simple 

Photo 5: The familiar BSR X-10 hand­
held control unit. This was built to 
work using ultra.sonic pulses, but it can 
be modified to use infrared light. The 
added infrared LED can be seen on top 
of the housing. 

40-kHz oscillator in figure 6 on page 
46 will work nicely. 

TV-Set Controllers, Too 
After building the IR receiver and 

transmitter circuits described, I 
dis.covered that signals from any of 
the commercial TV-set remote-con- · 
trol transmitters could be received 
just as easily as those from the 
transmitting device I had designed. 
Most set controls operate with car­
riers in the 38-kHz to 41-kHz range. 
Of course, the data output that you 
get is a coded bit stream, generally 5 
to 12 bits repeating every half second, 
but this should be no obstacle. 

While I haven't analyzed the coded 
TV-set-control data, they should be 
susceptible to differentiation by the 
same methods that worked for my 
simple frequency input. Perhaps 
you'd have to use a machine-language 
program to catch the fast data (about 
25 milliseconds per word), but the 
results would be a professional­
quality, very versatile remote inter­
face to your computer. 

BSR Goes Infrared 
The remote-control transmitters 

for television sets are not the only 
means to an elegant remote-control 

CUSTOM BSR 
IC PIN 7 

CUSTOM BSR 
IC PIN 15 

BLACK 
BATTERY 
LEAD 

Figure 7: Modification of the hand-held 
ultrasonic transmitter of the BSR X-10 
Home Control System that converts it to 
infrared-light operation. 

system for your computer. 
Perhaps you have on hand the 

hand-held transmitter from the BSR 
X-10 Home Control System. (Some of 
you may remember when I wrote 
about the BSR X-10; see reference 1.) 
This unit was made to work using 
ultrasonic sound, but it can be easily 
adapted for IR transmission to work 
with the receiver circuit in this article. 
Photo 5 shows the adapted BSR X-10 
transmitter. 

The modification is outlined in 
figure 7 and shown in photo 6 on 
page 48. Note that the ground con­
nection should be the black lead 
directly connecting to the battery. 
The other two circuit connections are 
to pins 7 and 14 on the integrated cir­
cuit as illustrated. The BSR transmit­
ter already operates using a carrier 
frequency of 40 kHz. The modifica­
tion is simply to add an emitter­
follower IR LED driver to the output 
section. The existing ultrasonic 
transducer can be cut out or used con­
currently with the optical transmitter. 

The message transmitted by the 
X-10 hand-held unit is approximately 
100 milliseconds (ms) long and is 
composed of 13 eight-millisecond seg­
ments, each of which consists of a 
burst of 40-kHz signal. The reception 
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Photo 1: Green and yellow against a dark background can cause confusion by produc­
ing the sensation of shadows and afterimages with color reversal. For a demonstration, 
stare at the center of the flag for 30 seconds, then look at a blank white surface. 

cones, which cover this area and are 
responsible for sharply detailed vi­
sion. The number of cones gradually 
decreases from maximum concentra­
tion at the fovea toward the edge of 
the retina, where the concentration of 
rods is greatest. Because a high con­
centration of cones produces detailed 
visual experiences, the sharpness of 
an image decreases as the distance 
from the fovea increases. 

Besides determining sharpness, the 
retinal area receiving light affects 
color perception as well. In the fovea, 
the eye is sensitive to all colors. Mov­
ing away from the fovea toward the 
edge of the retina, red and green 
become difficult to perceive. Even 
farther from the center, yellow and 
blue become difficult to perceive. At 
the extreme periphery of the retina, 
only black, white, and shades of gray 
are perceived. 

Current Theory 
The current theory of color percep­

tion is based on an opponent-process 
mechanism. Three opponent recep­
tions-blue/yellow, green/red, and 
white/black-produce color sensa­
tion by increasing and decreasing 
neural firing rates. The theory em­
phasizes adaption, contrast, color ap­
pearances, and afterimages to explain 
color vision. For example, since it's 
impossible to see a mixture of red and 

green in the same patch of light, these 
sensations are explained as results of 
opposite and incompatible activity in 
the same system. 

The opponent-process theory has 
several implications for programmers 
setting up color displays. If the goal is 
to convey text or graphic informa­
tion, opponent-color combinations 
should always be avoided. Yellow on 
a blue field and red on a green field 
produce the sensation of "shadows" 
on the display and afterimages with 
color reversal. This phenomenon is il­
lustrated in photo 1. Certain other 
color combinations are undesirable 
because the colors tend to "vibrate" 
(imagine red on blue as an example) . 

These characteristics and limita­
tions of the visual system lead to the 
following recommendations about 
color display organization: 

•Since red and green areas of the col­
or spectrum are reduced at the edge of 
the eye's visual field, don't use red 
and green outside the normal line of 
sight or place codes in these colors 
where they're likely to be overlooked. 
If they must be used at the periphery 
of the visual field, first get the user's 
attention by making the codes blink 
before beginning continuous display . 
•For best viewing on a black 
background, always code alphanu­
merics in red, white, or yellow. 

•Limit blue to large nonfoveal areas 
(i.e., nonfocal); blue characters are 
more difficult to read than· other 
characters. 

Psychophysical Factors 
Psychophysical factors also affect 

how we perceive color. Color vision 
is a complex process of three interact­
ing variables: hue, brightness and 
saturation. Hue is what we normally 
think of as color (e.g., red and green 
are different hues). Brightness is 
related to the intensity of light reach­
ing the retina. Generally, higher­
intensity light sources appear brightly 

Guidelines for Using Color 
Effectively 

Select compatible color combina­
tions . Avoid red/ green, blue/ yellow, 
green / blue, and red/ blue pairs. 

Use high color contrast for char­
acter ! background pairs. 

Highly saturated colors are generally 
limited on inexpensive color displays, 
so stay within the primary hues of red, 
blue and green. 

For casual users, limit the number of 
colors in one display to four . For ex­
perienced, long-term users, up to seven 
colors may be used. 

Always code alphanumeric informa­
tion in red, white, or yellow and con­
fine light blue to large background 
areas. 

Since red and green are not easily 
visible at the periphery of the eye's 
visual fie ld, code signals to be per­
ceived in this area in white. 

Assign colors in ways that agree 
with the usual denotations. For exam­
ple, use red for "s top" or "danger" and 
green for "go " or "a/I-clear." 

Incorporate shape as well as color 
when possible. This redundant coding 
improves communication and makes 
the system usable by color-blind indi­
viduals. 

When fast responses are needed, use 
highly saturated red or blue prompts 
rather than yellow. 

I f color coding has been used to 
teach relationships, use the same color 
coding when the individual is tested or 
expected to apply the learned relation­
ships. 

As the number of colors increases, 
increase the size of the color-coded ob­
jects. 
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Photo 2: Reduction in contrast lowers our ability to determine details, as illustrated in 
the various foreground and background color combinations. 

Photo 3a: Common denotations used incorrectly: green shouldn't be used to show deficit . 

Photo 3b: Common denotations used correctly to portray the same information. 
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colored while lower-intensity light 
sources appear more dull. The retina, 
however, is also sensitive to dif­
ferences among various wavelengths 
in the color spectrum. For instance, 
yellow is perceived as the brightest 
spectral color, while red and blue are 
perceived as the least bright. 

Saturation, which is produced by 
the interaction of hue and brightness, 
is diminished by adding white light. 
For example, a fully saturated spec­
tral red becomes pink when you add 
white light. In terms of hue, it's still 
red, but a red of decreased saturation. 
Highly saturated colors are easiest to 
read. (Unfortunately, displays 
capable of producing saturated colors 
are among .the most expensive.) 

Contrast is another variable that 
interacts with the physiological com­
ponents of the human eye. While 
brightness is essentially a measure of 
the intensity of a light stimulus, con­
trast is the relative brightness of 
signal over background. The greater 
the contrast, the better the readability 
of a display. In other words, darker 
colors (red or blue) are not as visible 
as light colors (white or yellow) when 
both are viewed on a dark back­
ground. By using higher contrast, 
you produce more readable graphics. 
This phenomenon arises from charac­
teristics of the human visual system. 
Lower contrast reduces our ability to 
determine details, as illustrated in the 
various foreground/background 
combinations presented in photo 2. 

Research has indicated that visual 
acuity depends on the size and color 
of a symbol as well as the type of 
background. In fact, symbol size 
must be increased as the number of 
colors increases. 

Another factor affecting display 
visibility is the environment in which 
a task is performed. . ificial or 
natural lighting in the work environ­
ment can reduce foreground-to­
background contrast. Too, sensitivity 
to color increases as the eye adapts to 
darkness. Improper lighting can re­
sult in reduced performance, discom­
fort, and fatigue in addition to 
limiting the effectiveness of color 
changes. Illumination surrounding a 
color-display task can have a signifi­
cant effect on the time required to re­



Photo 4: The words are easy to read, but try naming the colors! 

spond to the displayed information. 
Response times range from fastest for 
red and blue to slower for yellow and 
yellow-orange. When programming 
games and other interactive tasks, 
consider the user's environment. 

Remember that not all individuals 
have a perfect visual system. About 6 
to 10 percent of the male population 
is color-blind, meaning that their eyes 
have defective color receptors and are 
unable to perceive certain colors. 
This factor affects less than .05 per­
cent of the female population. Out of 
consideration for color-blind in­
dividuals, programmers can code re­
dundantly, i.e., use both color and 
shape for coding. 

For memory's sake, a limited 
number of color codes should be 
employed in most contexts. Users 
have recognized more than 50 colors 
with training, but the average user 
shouldn't be expected to remember 
more than 5 to 7 colors. This is the 
"magic number" usually associated 
with short-term memory (the 
memory you use to keep a telephone 
number in mind from the page to the 
dial). Novel displays should have no 
more than 4 colors, since this number 
is well below the average limit of 
short-term memory. This provides 
your brain with some memory space 
for other decision-making activities 
while the meaning of colors is being 
processed. 

Color also influences attention 

(where you are looking and what you 
are thinking about). By carefully us­
ing color to manipulate attention, 
you can partition material at key 
points, organize it, and code or give 
meaning to it. Again, the number of 
colors used is important; having too 
many can interfere with the attention­
gaining potential of color. You pay 
attention to the first flash of red, but 
by the tenth, it's routine. 

Our understanding of information 
can also be significantly affected by 
color. Material presented in color is 
generally processed faster than the 
same material presented in black-and­
white. Apparently, color helps the 
computer operator organize work by 
directing his or her attention to 
what's important. No differences in 
the interpretation of information 
presented in either color or black­
and-white are observed if adequate 
study time is allowed. 

Color can assist learning if used as 
a redundant cue or to highlight key 
concepts. However, the color coding 
of the concepts and responses must be 
matched for optimum performance. 

Common denotations of color 
should be considered when you plan 
color displays. For example, most 
people assume that red denotes 
"stop," "danger," or "down." Usual­
ly, green indicates "go," "up," or 
"OK," and yellow means "caution," 
"slow," or "test." 

Any application of color to a 

specific task should employ these col­
or denotations to achieve maximum 
performance. Graphics using red and 
green in ways contrary to accepted 
meanings interferes with information 
processing and can result in incorrect 
conclusions. Conversely, applying 
these two colors in agreement with 
their usual denotations actually assists 
information processing. For a clearer 
idea of this, compare photos 3a and 
3b. Photo 4 illustrates the confusion 
that can result from improper color 
coding. Guidelines for the effective use 
of color in displays are summarized in 
the text box. 

Conclusions 
Color motivates. It gets attention. 

If applied with its limitations and re­
quirements in mind, color can be a 
powerful manipulator of our atten­
tion, memory, and understanding.• 
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having to wrestle with multiprocessing Incidentally, all these features are 
software. available for $130/unit in OEM quantities. 

Most importantly, iRMX 86 is the only Plus all are backed by extensive docu­
operating system taking mentation, development 
full advantage of The leading software vendors have added the tools, workshops, field · 
VLSI- already putting most popular languages to iRMX 86. support, software main­
its advanced archi­
tectural virtues into 
silicon. 

Company 

Microsoft 

Language Available 

BASIC Interpreter 
BASIC Compiler 

tenance, and a company 
name that's liable to tum 
up anywhere. 

A prime example COBOL Who knows, maybe 
being our iAPX 80130 Microfocus CIS COBOL everywhere. 
operating system Digital Research CBASIC For a free copy of 
processor. It squeezes Intel FORTRAN our article "Choosing a 
timing tasks, interrupt Pascal Microcomputer Operating 
processing and key PUM System," contact your 
functions of the iRMX Macroassembler local distributor. Or write 
86 nucleus all onto a our Literature Department, 
chip. Marking the first major chapter in our 3065 Bowers Avenue, Santa Clara, CA 95051, �
commitment to bring operating software ( 408) 987-8080. �
into silicon - so performance goes up as the � ·nt _l®deliverscost goes down.. 1 'e' solutions1And when it's time to tie into a com­
munications network, you won't have to get Europe: Imel lnremational, Brussels, Belgium. Japan: lntel Japan, Tokyo. 

United States and Canadian distributors: A lli ance, Almac/Stroum, Arrow tangled up writing complicated software: 
Electronics, Avnet Electronics, Component Specialties, Hamil ton/Av net,

built-in software drivers are already in place. Hamilton/Electro Sales, Harvey, Industrial Components, Pioneer, L.A. Varah, 
Wyle Distribution Group, Zentronics.

In fact, iRMX 86 is the only microcomputer 
Circle 211 on inquiry card. operating system to support Ethernet:" · 

the de facto standard for local area networks. 

"Ethernet is a trademark ofXerox Corporation. 



A Human-Factors Case Study 
Based on the IBM 

Personal Computer 
Members of a human-factors evaluation team put 

the Personal Computer to the test. 

How user-friendly is the new IBM 
Personal Computer? How hard is it to 
learn to use? Will I get eyestrain from 
using it eight hours a day? Are the 
manuals complete, understandable, 
and easy to use? Does it operate effi­
ciently for an experienced user? Are 
the error messages informative? 
These are some of the questions that a 
human-factors specialist would pose 
in evaluating any computer system. 
In this article we will use the IBM Per­
sonal Computer as an example in 
evaluating human-factors issues in 
microcomputers. 

Microcomputers present a special 
challenge to the human-factors 
specialist because the group of 
operators is diverse and the machine 
is used for many different tasks. 
Thus, it's impossible to specify any 
single set of criteria by which to 
measure the computer's human­
factors performance. 

We will examine here some of the 
features of the IBM Personal Com­
puter that involve consideration of 

About the Authors 
The authors are psychologists at tl1e Center 

for Automated Systems· in Education (CASE) 
in San Marcos, Texas. 
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human factors to illustrate that the set 
of criteria fluctuates. A complete 
human-factors evaluation of the Per­
sonal Computer would be far too ex­
tensive to present here. Our discus­
sion should not be interpreted as 
either a complete or a representative 
assessment of the Personal 
Computer's overall quality from a 
human-factors perspective. 

We chose the IBM Personal Com­
puter as an appropriate model for ii-

Expert users often un­�
cover new human-�
f actors problems. �

lustrating the process of human­
factors evaluation for two reasons. 
First, it is a new model and marks the 
entry into the microcomputer market 
by the largest computer manufac­
turer. Thus, it has generated substan­
tial interest. Second, because it is a 
new model, it will almost inevitably 
exhibit some human-factors flaws 
despite the best efforts of the 
designers and engineers. 

Evaluation Procedures 
Two kinds of information go into 

any human-factors evaluation: 

judgments made by human-factors 
specialists based on their knowledge 
of previous research and their ex­
perience with similar systems and 
observations of users operating the 
system. 

The data collected often include: 

•types of errors made 
•frequency of different types of er­
rors 
•frequency of consulting instruction 
manuals or seeking other kinds of aid 
•user comments about strengths and 
weaknesses of the system 
•user suggestions about needed addi­
tions or changes to the system 

Most human-factors specialists prefer 
to draw conclusions based on em­
pirical data collected from users of 
the specific system. However, 
because this way of evaluating a 
system is very time-consuming and 
expensive, most human-factors 
analyses, including those done at 
CASE, are based on a combination of 
the two methods. 

For the evaluation of the Personal 
Computer, we asked several types of 
users to operate the system. Some 
had experience on other systems, in­
cluding substantial programming ex­
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perience. Some were adults-like 
many in the target market for the Per­
sonal Computer-with little or no 
previous experience with computers. 
And some were children from age 10 
to 14 with at least some experience 
programming microcomputers at 
home or in school. · 

An important group missing from 
this set of users was individuals who 
have had extensive experience on the 
Personal Computer. People with ex­
perience on a particular system often 
have the most informative comments. 
They often demonstrate that ap­
parent problems can be minimized 
simply by changing the operating 
procedures. Because they are compe­
tent enough to use the full set of 
features a system offers, they often 
uncover new human-factors prob­
lems. However, because the Personal 
Computer is so new, we couldn't find 
such a group of users, and we didn't 
have the Personal Computer long 
enough at CASE to develop such a 
group. Also, because of limited time 
and resources we couldn't test using 
standard scientific methodology. 
Rather than following a carefully 
planned procedure, we made new 
procedures as we went along, re­
sponding to insights from the test 
group. This type of evolutionary pro­
cess normally occurs before an actual 
human-factors experiment is con­
ducted. Then a consistent procedure 
is established so that all participants 
are asked to do the same set of tasks. 

Hardware Characteristics 
We will begin our examination of 

the Personal Computer by looking at 
some of the human-factors character­
istics of the overall packaging. In its 
simplest form it consists of three 
units: the computer, the keyboard, 
and the display. For many applica­
tions, it is irrelevant whether these 
three components are integrated or 
separate. For others, separate­
component packaging is a decided ad­
vantage because it offers flexibility in 
choosing a display or the option of 
locating the main unit with the disk 
drive away from potentially destruc­
tive young hands (see also the discus­
sion of the keyboard below). 
However, for a user who must move 

the system from place to place, the 
benefits of one-piece packaging may 
bias him or her toward an integrated 
system like the Superbrain or TRS-80 
Model III. For a school system, the 
separate units are at least a complica­
tion: three units rather than one must 
be anchored permanently to avoid ac­
cidental damage or pilfering. 

A second characteristic, which has 
been the focus of substantial human-

CASE 

Researchers at the Center for Auto­
mated Systems in Education (CASE) at 
Southwest Texas State University con­
ducted the human-factors research on 
the IBM Personal Computer discussed 
in this article. The staff of CASE is 
engaged in teaching, research, and 
development in the area of the human­
!actors considerations associated with 
computer-based systems. Although 
much of the early work by CASE em­
phasized human-factors issues in the 
use of computers in educational set­
tings, recent projects, including work 
for Control Data Corporation (CDC), 
Comshare, and Polaroid, encompass a 
much broader range of human-factors 
issues in computer systems. 

The procedure at CASE is first to 
define the scope for a particular 
human-factors analysis. Once the 
issues are clarified, researchers collect 
data from previously published 
human-factors studies as well as more 
general psychological studies in the 
areas of perception, cognition, and 
learning. Occasionally, previous 
research is adequate, but more fre­
quently it is used to fur ther clarify 

· issues and design the appropriate 
research study to answer the specific 
human-factors issue being studied. 

In some ways the analysis of the 
IBM Personal Computer presented 
here is not characteristic of our usual 
research because no single task or user 
group is anticipated for the Personal 
Computer. As a result, researchers 
simulated a range of human-factors ex­
periments that represent the kind of 
research which would be done in a fu/1­
scale human-factors analysis of a 
microcomputer. Thus, the general ap­
proach and analysis presented here 
typify work conducted by groups like 
CASE on human-factors issues and 
problems in computer systems. 



ZEµS™ is a minicomputer 
AND a microcomputer. 
Through multiprocessor tech­
nology, each user has a dedicated 
Z-BOA-based single-board micro­
computer module, housed in the 
system mainframe. 

But users enjoy minicomputer 
performance and capacity. Includ­
ing modular hard disk storage of 
34 to 600 megabytes. Tape backup. 
Shared printers with spooling and 
queuing. Disk caching. Access to a 
common database. 

Unequalled flexibility and 
reliability. The completely mod­
ular; stackable system can expand 
to 64 users. To add a user; add 
only a dumb terminal and an 
inexpensive user microcomputer 
module. 
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ZEµS sounds powerful. 
Now prove it. 
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And ZEµS isn't fazed by light­
ning, voltage variations, or power 
failures. Power for the entire 
system is "buffered" through a 
battery/recharger system that 
provides up to 20 minutes of 
operating power. 
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multiprocessor operating system is 
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factors research, is the quality of the 
display. This of course depends large­
ly on the monitor used. The IBM 
monochrome monitor, the only 
monitor supplied by IBM for the Per­
sonal Computer, meets or exceeds all 
the standard criteria with respect to 
character size and clarity, screen 
brightness, freedom from flicker, etc. 
All the users we questioned were im­
pressed by the display, even those 
who did not in general like green­
phosphor screens. When evaluating a 
display for a large group of potential 
users (for example, for a school 
system), the criteria based on the 
results of published experiments are 
particularly useful because they were 
developed from data on a represen­
tative sample of users. When an in­
dividual evaluates a display for per­
sonal use, experience with the display 
may be more useful than reading 
published results because the pub­
lished criteria are more stringent than 
many people require. 

A third feature of the Personal 
Computer, on which a substantial 
amount of human-factors research 
exists, is the keyboard. Despite some 
of the advantages of alternate 
keyboard designs, it appears that 
American National Standards In­
stitute (ANSI) standard and related 
keyboards (sometimes called 
QWERTY keyboards because of the 
first row of letters) will continue to 
dominate the field because of conver­
sion and retraining expense . 
Therefore, we will examine the IBM 
keyboard from within these standard 
constraints. 

The keyboard "feel, " the tactile 
sensation of typing on it, was highly 
praised by all who used it, particular­
ly those who were familiar with other 
microcomputer keyboards. Frequent­
ly mentioned virtues included the 
ability to move and change the angle 
of the keyboard, the sculpturing of 
the keys, and the keyboard's curved­
plane surface. Hpwever, every user 
complained about the Enter and the 
left Shift keys (see photos la-lf). The 
Enter key is about Vz inch farther to 
the right than most users expected, 
and the left Shift key is about 1/2 inch 
farther to the right with the backslash 

key inserted between the Z and the 
Shift key. These unconventional loca­
tions caused errors initially, but ex­
tended practice usually eliminated 
such errors after about a week. 

Again, the importance of the key­
board layout depends on the context 
in which the computer will be used. 
For occasional use by individuals 
who frequently type on other key­
boards (e.g., by a secretary in an ofc 
fice or by someone at home who does 
a substantial amount of typing at 
work), the keyboard layout may be a 
major annoyance. For the individual 
who types mostly on the IBM 
keyboard, it should be no problem. 
Also, if the use of the . computer in­
volves nontext materials, as in finan­
cial planning or playing games, the 
layout may be less important than if 
the computer is needed for word pro­
cessing. 

The inclusion of an extra key be­
tween the Z and the left Shift key may 
become standard in the future. In 
Europe, many keyboards have this 
extra key to facilitate typing extra 
characters required in some 
languages. Some word processors in 
the U.S. are using this style keyboard 
to accommodate extra functions re­
quired in word processing. So what is 
a potential human-factors problem 
today may be an asset in the future. 
However, on several Japanese key­
boards, it is the right Shift key that is 
moved to allow the addition of an ex­
tra key, illustrating that no standard 
exists for these additions. 

The keyboard of the NEC PC-8001 
suggests one near-term solution. On 
this computer the user can select, 
with a single button, either an almost­
ANSI-standard keyboard (with the 
right Shift key out of place) or a 
keyboard with the letters in 
alphabetical order (which is helpful 
for young children) . This flexibility 
could be expanded to let users pro­
gram the arrangement of their own 
keyboards. 

Documentation 
Human-factors considerations are 

especially significant in the area of 
documentation. Minimally, docu­
mentation needs to fulfill three func­
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the choice of OEM's, system integrators and 
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higher quality peripherals and can expand 
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CPU Speed (MHz) 6 4 4 
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plan in the industry. Call or write : 
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Photos la-If: Comparisons of keyboards. All have letters in the same position, but note the variation in the placement of the Shift, 
Return, and other special symbols. Note also the various solutions to the problem of where to put all the keys not needed on ordinary 
typewriters. 

tions: initial training in using the many other functions will be served, The manuals for the Personal Com­
system, quick reference for momen­ including guidance on uses for _system puter have received very higJ:i praise. 
tarily forgotten information, and features, information to aid in debug­ Gregg Williams in "A Closer Look at 
complete documentation of capabil­ ging (including common errors and the IBM Personal Computer" 
ities and how to access them. Ideally, their symptoms), etc. (January 1982 BYTE, page 36) wrote, 
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'They will set the standard for all 
microcomputer documentation in the 
future." Our analysis of the manuals 
is less enthusiastic, although in many 
ways the documentation is excellent. 

We will take a look at the BASIC 
manual first to illustrate some of the 
strengths and weaknesses of the 
documentation. The manual is for 
reference and does not claim to be a 
programming tutorial. For its stated 
purpose the manual is quite good. All 
users who had prior knowledge of 
BASIC had no difficulty program­
ming on the Personal Computer, in­
cluding using some of the special 
features of IBM's version of BASIC. 
The features of the manual that are 
most useful are the index and the brief 
and extended descriptions of every 
command, statement, and function. 
The extended descriptions are most 
complete for those features that are 
unique to IBM's BASIC and include 
informative examples. 

There are five parts to each 
keyword description: format, ver­

sion, purpose, remarks, and example. 
The only drawback is that some in­
formation is omitted, apparently 
because it does not fall neatly into 
any of the categories. For example, 
restrictions and probable error 
messages from mistakes are only in­
cluded in some of the descriptions. 
For the FOR and NEXT statements, 
information about errors is given in 

IBM has left the market 
for tutorial manuals to 

outside publishers. 

the body of the remarks section, and 
no information is given at all about 
restrictions on the amount of nesting 
or about overflow in nesting, which 
will lead to an "out of memory" er­
ror. o ·espite these problems, the 
manual can be used effectively. 

As adequate as this manual is for 
the experienced user, it does not fill 
the need of the novice for an instruc­
tion manual. General instruction 

manuals do exist (e.g., Basic BASIC 
and Advanced BASIC), but the 
idiosyncrasies of different BASICs 
have led to a demand for instruction 
manuals for individual machines. Ac­
cording to our observations, novice 
IBM users had much greater difficulty 
with IBM's reference manual than do 
novices starting out on an Apple II 
Plus with Apple's instruction manual. 
IBM apparently made a conscious 
decision to leave the novice market to 
the independent producers of com­
puter manuals and books. An IBM 
spokesperson ·assured us that such in­
dependent sources are already hard at 
work and their manuals should be out 
shortly, but until such manuals are 
written, a hole remains in the 
documentation from the perspective 
of the computer novice. 

In the interim, IBM could make 
two simple additions to the current 
manual that would be helpful. One is 
a quick-reference card that could be 
removed from the manual; it would 
decrease the need to flip back and 
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appropriate computer. 
For information and prices, please coll (800) 854-1515. 

64 April 1982 © BYTE PubUcations Inc Circle 15 on inquiry card. 
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