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How to quickly ii 
If you'd like to turn the agony 

of small business bookkeeping 
into the ecstasy of total control, 
you've come to the right place. 

Because even if you're starting 
with a shoe box full of invoices 
or a pile of checks hiding under a 
pile of deposit slips, we can tell 
you how to centralize, organize 
and monitor all that information, 
and manipulate it in ways that 
will make your business a 

pleasure - all with an Apple® III 
Personal Computer. 

Attain instant 
financial status. 

An Apple III, teamed with the 
BPI General Accounting Package, 
can put every basic accounting 
function right at 
your fingertips. 

Technically, 
that means 

General Ledger, Accounts 
Payable, Accounts Receivable 
and Payroll -all in one package. 

Meaningfully, that means you 
can turn numbers into answers. 

With BPI, your Apple III can 
give you a snapshot of your 
company's financial condition, 

an up -to -the- instant 
balance sheet. It 

can also generate 
instant and 

rid d detailed 
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gain your balance. 
on your customers and vendors. 

So you know who owes whom, 
how much, and how come. 

And just how well your cash 
flow is flowing. 

And where to give credit where 
credit is due (a customer inquiry 

I chiban Fish Supply Company 

Consolidated Income Statement 

Current Comparative 

Periods Ending Nag 31. 1983 and May 31, 1982 

Income 

Contract Sales 

nag 31. 1983 

52,818.82 91 3 

May 31, 1982 

44,176 52 92 7 

Retail Sales 5,816 88 87 3,58880 73 

total Incas 57,834 98 188 8 47.676 52 1/B8 

Cost of Sales 

Cost of Contract Sale; 37.33888 646 31,816 55 667 
Cost Of Retail Salts 4.879 85 8 4 3,489 35 7 2 

fatal (os: cf Sales 42,21985 738 35.21591 739 

irons Profit 15.625 85 27 8 12.468 62 26 1 

Your Apple can generate instant income statements 
(with expense ratios) or balance sheets, and let you 
compare them to last month's or year's, then print 
them out to suit your banker. 

feature allows you to make credit 
decisions based on the most 

current information). 
You can also list your 

purchases by discount 
dates. And take advantage of 
them in no uncertain net terms. 
You can even keep payroll records 
without paying more, because it's 
part of the same package. 

Profit from history. 
In business as in life, 

experience is the best 
teacher. And the Apple /BPI 
system can provide you with 
instant comparisons of 

this- month -this -year vs. 
this- month- last -year, or 

this- year -to -date vs. 
last -year -to -date. 

So you can quickly 
spot changing expense 

ratios and make decisions with 
20/20 foresight. 

The BPI General Accounting 
Package also lets your income 
statements be coded by location, 
department or product line. So 
you know where your money's 
coming from. 

And where it's not. 

Ichitan Fish Supply Company 

Merchundino B'rehased8By Dui. Data 

31 

Vendor Invoice tccl 

Bate No Name Number No Retail 

15'12'83 1 Nanny Nmed 35278532 

Bue 16 13.83 

851513 2 

Due 

onsc18 

85'03 

85'0583 

0585 83 4 Musset NO Inc 

Cue 16.8583 

3 levy 
08' 
Sushi Fore 

Due 158. 

lotal 

5111.01 

4562 5111.11 

212 5818 -01 

657 5110.81 

Net Act 

581 23 

269 36 

459 68 

68 26 

It can also allow you to take full advantage of 
merchandise discounts. So you'll know whom to pax 
when to pax how much to pay -and save a lot of 
dams in the process. 

Make a timely 
statement. 

Add an Apple Dot Matrix or 
Daisywheel printer to your Apple 
III, and you can print out your 
entire balance sheet in minutes. 

Or any number of reports, from 
cash receipts to payroll ledger to 
income. You can even print 
checks and customer statements. 

The impressively professional 

results will make an important 
statement to everyone you deal 
with- including your banker. 

More ways Apples pay. 
There are more people in more 

places doing more things with 

Ichiban Fish Supply Company 
as of 

85'31'83 Accounts Receivable Ledger Page I 

Customer Balance Current 
No Name Folio Forward Month Balance 

1 Fose,'s Sole Food 

Invoice 1124 

Invoice 1199 

Invoice 1326 

05'15'83 

IR 

ÌÁ 

CR 

892 79 

212 23 

628 88 

258 88- 

1 831 58 

To avoid fishy transactions, you can instantly 
display customer's payments, charges and current 
balance. In this case, a few more cans of tuna 
would put Mr. Moser over his $2,000 limit. 

Apples than with any other 
personal computer in the world. 

Because for one thing, there's 
more software for Apples than 
for any other personal computer 
in the world. So the same Apple 
that handles all your accounting 
needs can also handle financial 
spreadsheets, word processing 
and electronic filing. 

You'll also find programs that 
are designed specifically for your 
kind of business. Be it dentistry, 
architecture or swine herding. 

Of course, the best way to learn 
all the ways Apples can help you 
make better business decisions 
is to visit any one of over 1500 
authorized Apple dealers. 

So drop in. For a full account. 

anprle 
Call (800) 538 -9696 for the location of the authorized Apple dealer nearest you, or for information regarding our National Account Program. In Canada, call 

(800) 268 -7796 r (2,00) 268-7637. Or write Apple Computer Inc., Advertising and Promotion Dept., 20525 Mariani Ave., Cupertino, CA 95014. © 1983 Apple Compurér' Ire. .. 

Circle 29 on inquiry card. 
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Themes 
33 Computing on the Run by Stanley J. Wszola I Incorporating new design concepts, innovative 
hardware. and easy -to -use software, portable computers are proof that you can take it with you 
This month's theme articles and reviews explore the issues that affect the portable marketplace. the 
advances in technology, and some of the latest models. 

34 How to Choose a Portable by Stanley J. Wszola / You're sure you want one. but which 
one? With at least 50 models to choose from, deciding on a portable is no easy matter. This article 
and the accompanying computer comparison table will help you make an informed choice 

51 High -10 Modems by Stephen Durham 1 The more intelligent the modem. the more it can disap- 

pear into the background of your computer system and provide unattended communications capability 

66 Developing a Duly Portable Vlslcalc by William T. Johnson / Hewlett- Packard's adapta- 
tion of Visicorp's popular electronic- spreadsheet program for its HP -75 portable computer doesn't 
sacrifice the program's compatibility with other Visicalc products. 

80 The Gavllan -A Full -Function Portable Computer by F. John Zepecki I The machine's 
designer details the evolution of this completely self- contained system with integrated software. 

94 Inside CMOS Technology by Martin B. Pawloski, Tony Moroyan, and Joe Altnether I An 
overview of how complementary metal -oxide semiconductor memory chips are manufactured and 
a look at three of them -Intel's 80051, National Semiconductor's NSC800, and CMOS dynamic RAM. 

127 The Challenge of Hard -Disk Portability by David A. Sutton I How one hard- disk -drive 
manufacturer worked around the problems of designing a removable hard disk. 

139 The Radio Shack TRS -80 Model 100 by Mahlon G. Kelly I This powerful portable with 
its built -in, well -integrated software is just what the author ordered. 

166 The New Microfloppy Standards by Thomas Jarrett I From the beginning, size has been 
a bone of contention among microfloppy -disk manufacturers. In today's marketplace. the 31/2-inch 
disk has emerged as the de facto standard. 

Reviews 
178 The HP -75 Portable Computer by Rowland Archer Jr. / Hewlett- Packard's entry into the 
mid -priced portable computer fray offers powerful real -time scheduling capabilities. 

188 The Access Portable Computer by Terry Kepner / This portable comes with a host of soft- 
ware and practically all the hardware you'll ever need. 

193 Epson's HX-20 and Texas Instruments' CC-40 by David Ramsey I The HX -20 offers an 
integrated microcassette and printer. So far, the CC-40 doesn't fulfill its potential; it lacks peripherals 
and software. 

208 The Pled Piper Portable Computer by Seth P. Bates I Because it does not include a monitor. 
this low -cost Z80 computer makes lightweight portability possible. 

212 The Kaypro II by Roger Fager and John Bohr / A complete system that offers dependable 
hardware and extensive software, the Kaypro II is a practical solution for many applications 

226 The Corona Portable by Rich Malloy / This reasonably priced system with its eye- catching 
display offers stiff competition to other IBM PC- compatible machines. 

Features 
20 Build the Micro D -Cam Solid -State Video Camera, Part 1: The 1532 Optic RAM and 
the Micro D -Cam Hardware by Steve Ciarcia I A 64K -bit dynamic RAM chip is the visual sensor 
in this digital image camera. 

230 A Report on the Consumer Electronics Show by Phil lemmons I Colecó s Adam dominated 
the summer CES in Chicago, but that wasn't all the exhibition offered. Our West Coast Bureau Chief 
surveyed the scene. 

BYTE is published monthly by McGraw-Hill. Inc., with offices at 70 Main St. Peterborough NH 03458. phone 
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3579, and fulfillment questions to BYTE Subscriptions. POB 596. Martinsville. NJ 08836 Second -class postage 
paid at Peterborough, N.H 03458 and additional mailing offices. USPS Publication No 528890 (ISBN 0360-5280I 
Postage Paid at Winnipeg, Manitoba. Registration number 9321 Subscriptions are 521 for one year. 538 for two 
years. and S55 for three years in the USA and its possessions. In Canada and Mexico, S23 for one year, S42 
for two years. 561 for three years S53 for one year air delivery to Europe 17.100 yen for one year surface delivery 



233 The Next Five Years In Microcomputers by Jerry Pournelle / Our prescient user forecasts 
the trends that will influence the microcomputer industry over the next five years. 

246 The Second BYTE Games Contest Winners by Gregg Williams / This year's competition 
turned up five outstanding diversions: a tank -versus -tank battle. an arcade -style chase that takes 
place on a moving barbecue grill, a simulated juggling game. a maze -and -dots game, and a survival - 
strategy challenge. 

250 Update on Personal Computing in Japan by Phil Lemmons / At the Japan Microcom- 
puter Show '83 in Tokyo. notebook -size and hand -held computers were the center of attraction. 

257 The Unix Tutorial, Part 2: Unix as an Applications- Programs Base by David Fiedler / 
Make Unix more useful from both a user -interface and an applications perspective. 

283 BYTE West Coast: Just Rewards for Programmers by Barbara Robertson / Some program- 
mers have superstar status. while others crank out code for a weekly paycheck. What's an enter- 
prising programmer to do? 

289 A C Language Primer, Part 2: Tool Building In C by James Joyce / In this second and 
final part the author explains how code can be packaged into a general -purpose function and 
employed in solving more than one problem. 

307 User's Column: Eagles, Text Editors, New Compilers, and Much More by Jerry 
Pournelle 1 Jerry turns his eye to eclectic subjects. 

331 The IBM PC and the Intel 8087 Coprocessor, Part 2: Interfacing to IBM Pascal by Tim 
Field I The 8087 Numeric Data Processor can speed up most Pascal programs by a factor of three. 

356 Echonet, Part 1: A Flexible Programming System by C. Bradford Barber / This interac- 
tive system lets you link programs in countless combinations to create larger. more complex programs. 

376 Data File Management Methods by Robert B. Johnson / A simple data file management 
system will help you organize your files with minimal maintenance. 

385 An Introduction to Layered Protocols by Michael Witt / Once you understand layered 

protocols. you can evaluate network architectures of data- communications products. 

411 Does Your Printer Work with Wordstar? by Charles Stephenson / How to get around 

the compatibility problems that arise from using the popular word -processing program with your 
IBM PC. 

419 In- Circuit Emulation for the Apple II Computer by John D. Ferguson / Adding a simple 

circuit converts your Apple into a host for testing a target system's hardware and software. 

445 Add Multiple Tasks to Your Communication and Control Program by Jerry Holter I By 

using a compact set of routines called a multitask kernel, you can handle several tasks concurrently. 

549 An Operations Research Scheduling Program by Walter A. Stark Jr. and Richard A. 
Reid / A scheduling algorithm can help you determine the best sequence for processing a set of 
disparate tasks. 
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Editorial 

The FAA and Portables 
Lawrence J. Curran, Editor in Chief 

The next time you use your portable computer on a commercial airliner, 
the flight attendant may eye you with some interest, and it won't be because 
you've switched to an after -shave lotion that has made you suddenly more 
attractive. The attendant's interest will stem from the fact that Federal Avia- 
tion Administration regulations prohibit the use of portable computers on 
commercial airliners, and it's the flight attendant's duty to seek compliance 
with that regulation. The use of portable computers is also banned on private 
aircraft unless the operator -the pilot -has determined that use of the 
machine will not interfere with the safe operation of the plane's navigation 
or communications equipment. 

Section 91.19 of Federal Aviation Regulations outlaws the use of all but a 
few portable electronic devices aboard a commercial airliner or other aircraft 
flying under instrument flight rules because there's a risk that electromagnetic 
interference (EMI) from the device could hamper reception of navigation and 
communications signals, jeopardizing the safe operation of the plane. The 
only exceptions allow the use of heart pacemakers, hearing aids, tape 
recorders, and electric shavers in flight. If the regulation were strictly en- 
forced, even electronic watches and hand -held calculators would be outlawed. 

But the regulation isn't strictly enforced; it would be impossible to expect 
flight attendants or private pilots to enforce it. The FAA wants the airlines 
and private pilots to enforce the rule, but the airlines are especially chary 
of enforcing a regulation that may drive passengers away. 

Bill Walters, product line manager for Radio Shack's TRS -80 Models 4 and 
100 (portable), has some thoughts on the issue. He compares the FAAs posi- 
tion on EMI from portable electronic devices to that of the Federal Com- 
munications Commission on EMI from home computers interfering with 
television signal reception six years ago. Walters, a former commercial airline 
pilot, believes the FAA should establish an EMI standard with which all 
makers of portable electronic devices would have to comply, just as the FCC 
did in the case of home computers. We agree. 

In order to gain certification to use electronic devices on aircraft under the 
current regulation, the device manufacturer would be required to demonstrate 
that use of the device does not interfere with the navigation and communica- 
tions equipment on every type of aircraft that every airline uses. The cost 
of such testing to the device manufacturer would be prohibitive. 

Walters says it's time for the FAA to establish and enforce an emission stan- 
dard and bandwidth guidelines governing portable electronic devices. Cer- 
tainly some reasonable test procedures can be established that would allow 
portable computers to be certified for safe operation aboard aircraft that 
wouldn't also bankrupt the FAA to administer. 

Or perhaps there's a simpler alternative that would not require testing of 
any kind. No smoking is permitted aboard aircraft at takeoff and landing 
times to lessen the chance of fire in case of an accident. Warning signs and 
flight attendants alert passengers to this short -term smoking ban. Perhaps 
the use of portable computers could be banned for similar periods and in 
a similar manner when their use would be most likely to interfere with air- 
craft instrument landing systems. It's worth considering. 



How to buy a computer 
by the numbers. 

Introducing the Cromemco C -10 Per- 
sonal Computer. Only $1785, including 
software, and you get more profes- 
sional features and performance for the 
price than with any other personal 
computer on the market. We've got the 
numbers to prove it. 

The C -10 starts with a high- resolu- 
tion 12" CRT that displays 25 lines with 
a full 80 characters on each line. Inside 
is a high -speed Z -80A microprocessor 
and 64K bytes of on -board memory. 
Then there's a detached, easy -to -use 
keyboard and a 51/4" disk drive with an 
exceptionally large 390K capacity. 
That's the C -10, and you won't find 
another ready -to -use personal com- 
puter that offers you more. 

But hardware can't work alone. 
That's why every C -10 includes software 
-word processing, financial spread 
sheet, investment planning and BASIC. 
Hard -working, CP /M R -based software 

at meets your everyday needs. Soft- 
w e that could cost over $1000 some- 

J 

where else. FREE with the C -10. There's 
really nothing else to buy. 

But the C -10's numbers tell only 
part of the story. What they don't say 
is that Cromemco is already known 
for some of the most reliable 
business and scientific 
computers in the industry. 
And now for the first 
time, this technology 
is available in a 

personal computer. 
One last number. 

Call 800 538 -8157 x929 
for the name of your 
nearest Cromemco 
dealer, or to request 
literature. In California 
call 800 672 -3470 x929. Or write 
Cromemco, Inc., 280 Bernardo 
Avenue, P.O. Box 7400, Mountain 
View, CA 94039. In Europe, write 
Cromemco A /S, Vesterbrogade 1C, 
1620 Copenhagen, Denmark. 

CP /MR is a registered trademark of Digital Research, Inc. 
All Cromemco products are serviced by TRW. 

Cromemco 
Tomorrow's computers today 

Circle 119 on Inquiry card. 
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The system builder's best choice 
for color graphics is a CS5000 
color system from SCION. Its basic 
component is MicroAngelo; the 
single board graphics display 
computer that has revolutionized 
monochrome display capability 
with low cost 512x480 pixel 
graphics resolution and 40 line 
by 85 character text capacity. 
When Micro Angelo boards are combined, they create 
high resolution color graphics that have a unique ad- 
vantage. The displayed image is a combination of 
transparencies. So you can add, modify or delete 
images by transparency rather than as an entire image. 
SCION's Series CS5000 builds an image with up to 8 bit 
planes, each generated by a MicroAngelo board. You 
select the assignment of those bit planes to transpar- 
encies. Each transparency can display 2n -1 colors where 
n is the number of bit planes it uses... 2 bit planes would 
make a three color transparency, 8 bit planes would 
make a 255 color transparency. Once each transparency 
has been defined, your host can work with it inde- 
pendently, generating and modifying its graphics and 
text without interacting with the others. The indepen- 
dent transparencies are combined by the Color Mixer 
board which also assigns one of 16.8 million possible 
colors to each color of each transparency. 

Your computer talks to the SCION 
Color System in SCREENWARE", 
SCION's high level display firm- 
ware language. SCREENWARE 
commands are used by the com- 
puter in each MicroAngelo bit 
plane to generate graphics and 
text primitives. User interface is 

made simple with prompted sys- 
tern set -up using SCION's ColorPak. 

MicroAngelo based color graphics systems are easy to 
use. Just plug the boards into your Multibus or S -100 
host. Or use the freestanding work station configuration 
with its RS -232 interface. In each case, you get high reso- 
lution color graphics for such a low price you can't 
afford to design your own. 

Think SCION for your graphics display needs. 
Think MicroAngelo. Call us at (703) 476 -6100. 

System shown Is a Model CS5050S 
'A trademark of Intel Corp 

SC /ON 
if the image is important. 

12310 Pinecrest Rd. /Reston, VA 22091 
(703) 476 -6100 TWX: 710 -833 -0684 

For S -100 circle 510 on inquiry card, For Multibus circle 511 on inquiry card. 



MICROBYTES 
Staff -written highlights of late developments in the microcomputer industry. 

CONVERGENT TECHNOLOGIES INTRODUCES A NOTEBOOK-SIZE COMPUTER 

Convergent Technologies, Santa Clara, CA, has introduced a portable computer that measures 81 by 
11 by 1 inches and weighs 3 pounds. The Convergent Workslate uses a 6303 processor -the CMOS 
version of the Motorola 6800 -and comes equipped with 16K bytes of RAM and 64K bytes of ROM, in- 
cluding a ROM -based spreadsheet and datebook software. A microcassette drive, a speaker phone, a 

300 -bps modem, and a 1 5 -line by 46- character liquid -crystal display are built -in features. The Workslate 
will be available through American Express in September for $895. 

DATA GENERAL UNVEILS A MUL TIUSER MICROCOMPUTER 
Data General, Westboro, MA, has announced a 1 6 -bit microcomputer that includes both an Intel 8086 
and a Data General Microeclipse processor. The Desktop Generation Model 10 can use CP /M -86, MS- 
DOS, or Data General's RDOS or AOS operating system. It also can run different operating systems 
simultaneously in a multiuser configuration. A single -user system with 128K bytes of memory, a single 
51/4-inch floppy -disk drive, and either MS -DOS or CP /M -86 costs $3265. A four -user version with 
256K, a 15-megabyte hard -disk drive, three terminals, and RDOS and CP /M -86 sells for $ 10,960. 

LEADING EDGE PRODUCTS ANNOUNCES A COLOR WORD PROCESSOR FOR THE IBM PC 
Leading Edge Products, Needham Heights, MA, has announced its first internally developed product, a 

$300 color word processor for the IBM PC. Featuring an extensive help facility, a user -definable 
glossary to store any series of keystrokes, and the ability to restore deleted or overwritten text, the 
word processor will be the basis for an integrated package to be released later this year. The package 
will include spreadsheet, graphics, database -management, and spelling- checker capabilities. 

DOCUTEL /OLIVETTI SHOWS AN INK -JET PRINTER, UPGRADES M20 COMPUTER 
Docutel /Olivetti Corp., Dallas, TX, has introduced an ink -jet printer for $ 549. The PR2300 uses a single - 
jet replaceable printing head and either a Centronics parallel or an RS -232C serial interface. 
Docutel /Olivetti has also added an 8086 processor to its 8001-based M20 computer. The M20 BP with 
two floppy -disk drives and 128K bytes of RAM will sell for $3295. An 8086 expansion board for the 
standard M20 will cost $395. 

BALCONES, STRATEGIC TECHNOLOGIES, OTRONA PREPARE 16 -BIT PORTABLES 
Balcones Computer Corp., Austin, TX, is at work on a portable computer based on the Xerox 820 8/16 
computer. The Xport will include an 8 -bit Z80 with 64K bytes of RAM and a 1 6 -bit 8086 with a 

separate 128K -byte RAM (expandable to 256 or 512K). The two processors will run concurrently; the 
Z80 runs CP /M -80, and the 8086 runs MS -DOS 2.0. The system, which will probably only be available 
with one 31/2-inch hard -disk drive and one 51/4-inch floppy -disk drive, may cost as little as $ 3000. 

Strategic Technologies, Norcross, GA, is preparing a portable computer with a full -size plasma display. 
The PC Traveler will come in a briefcase measuring 14 by 19 by 6 inches and weigh less than 28 
pounds. It will include an Amlyn 5 -disk cartridge drive, a built -in full -size dot -matrix printer, dual 801 86 
processors, 128K bytes of RAM, an 80- character by 25 -line gas -plasma display, and a bundled soft- 
ware package. The PC Traveler will sell for less than $ 5000 starting in November. 

Otrona Advanced Systems Corp., Boulder, CO, has introduced a dual -processor version of its por- 
table computer. The Attaché 8:16 includes an 8 -bit Z80A and a 16-bit 8086 processor, the CP /M 2.2 
and MS -DOS operating systems, two floppy -disk drives, and an IBM -compatible display format for 
$3795. An upgrade board to convert an Attaché to an Attaché 8:16 will cost $1495. 

RADIO SHACK AND SHARP INTRODUCE NEW POCKET COMPUTERS 
Radio Shack's newest pocket computer, the PC -3, fits into a shirt pocket and can run programs written 
for the PC -1 . Weighing in at 4 ounces, the PC -3 has 1.4K bytes of memory and a 24- character liquid - 
crystal display for $99.95. A PC -3 interface and recorder and a PC -3 printer /cassette interface each 
cost $ 1 1 9.95. 

Sharp Electronics Corp., Paramus, NJ, has introduced a nearly identical computer, the PC -1250, for 
$110. The PC-1250 measures 5-5/16 by 21 by 3/8 inches. 
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MICROBYTES 

TEXAS INSTRUMENTS RELEASES DOW JONES NATURAL LANGUAGE INTERFACE, DOT-MATRIX PRINTER 
Texas Instruments' new Dow Jones Natural Language interface for its Professional computer enables 
users to request information in "plain English," translating requests into Dow Jones' command format. 
The $130 package includes a $ 50 account fee and an hour on the Dow Jones News /Retrieval service. 
Texas Instruments is also expected to announce its Omni 800 Model 855 dot -matrix printer. Using a 

32 by 18 printing head, the printer will include graphics capabilities and selectable fonts for under 
S 1000. 

MICROS GAIN MORE ATTENTION AT SIGGRAPH 
Microcomputers received increased attention from vendors showing new products at the Siggraph con- 
vention in Detroit. Micro -based products announced at the show included a graphics board for the IBM 
PC from Number Nine Computer Engineering Inc., Hartford, CT, for less than $1200. The board, which 
NNCE plans to begin shipping late in the third quarter, is based on an NEC 7220 VLSI graphics display 
controller. The company has been shipping a similar board for the Apple for several 
months ....3Design, Seattle, WA, announced an optional Wordstar interface for its graphics card for 
the IBM PC. The interface lets users mix Wordstar -generated text and graphics. The basic graphics 
card, which costs $250 and requires 128K bytes of memory in the PC, enables users to create 
designs, then rotate, translate, and scale them independently or in reconfigurable groups, relative to 
any coordinate in the system .... Cubicomp Corp., Berkeley, CA, displayed its CS -5 graphics system 
for three -dimensional solids modeling. The under -$9000 system, which includes an interface adapter 
and a CS -5 graphics module, requires an IBM PC with at least 320K bytes of RAM and a high - 
resolution RGB monitor with long- persistence phosphors. The software runs under IBM 
PC -DOS ... Precision Visuals, Boulder, CO, announced that it will support NAPLPS videotex standards 
in its DI -3000 graphics software. 

NANOBYTES 
Zilog has announced the Z80000, a 32 -bit microprocessor chip that is compatible with the 16-bit 
Z8000. Featuring a 256 -byte on -chip cache, instruction pipelining, and memory management, the 
Z80000 can run at 10 to 25 MHz. It should be available in late 1 984 for $1 50 in 1000 -unit 
lots .... Silicon, the basic material in microprocessors and memory chips, may be in short supply later 
this year if semiconductor companies fail to plan now for future needs, warns Monsanto Electronic 
Materials Co., Palo Alto, CA. The company bases its prediction on trends in the economy and the 
semiconductor industry and on the sustained increase in orders for semiconductor products. Monsanto 
is the leading supplier of single -crystal CZ silicon, the primary ingredient of semiconductor 
devices .... Hewlett- Packard, Palo Alto, CA, has introduced a new 6 -pen graphics plotter, the HP 
7475A, for $1895. The company has dropped the list price of the HP 7470A 30 percent from $1575 
to $1095 .... Olympia USA Inc., Somerville, NJ, has introduced the People computer, which includes 
both CP /M -86 and MS -DOS and two floppy -disk drives for $ 3595. Concurrent CP /M -86 is also 
available .... American Bell has unveiled a videotex terminal to be sold through Bell Phone Center 
Stores. The terminal, which includes a 1 200 -bps modem and keyboard, connects to a standard televi- 
sion. As part of a videotex program in southern Florida, the terminals will sell for $600 there; 
elsewhere, they will retail for $ 900 .... Coin -operated computer terminals with attached printers are 
being marketed by Data and Research Technology Corp. (Pittsburgh, PA) in an effort to become "the 
McDonald's of information." Users with valid accounts can access local nodes of such popular net- 
works as Compuserve, the Source, and Dow Jones for $ 1 for 3 minutes. The company hopes to have 
terminals in 50 cities by the end of the year . . . . Tandy, parent of Radio Shack, says its preliminary 
sales figures for the year ending June 30 were $2,472,484,000, up 22 percent from fiscal 
1982 . . . . Microsoft's MS -DOS operating system is now being supported on Digital Equipment Corp.'s 
Rainbow 100 and Fujitsu's Micro 1 6s .... Corvus Systems Inc. has lowered the prices of its Concept 
personal workstations to $3995 for the 256K -byte version and $4695 for the 512K -byte 
model .... The American Society of Interior Designers, New York, NY, has introduced a hardware - 
software package for interior designers, architects, and space planners. Based on a Victor Technologies 
8/1 6 -bit computer, the package includes drafting, accounting, word -processing and mailing -list soft- 
ware. Priced under $10,000, it includes training for end users and a hot -line query service .... Apple 
Computer Inc. announced that the one millionth Apple computer was produced in June .... The 
British -designed Dragon computer (January 1983 BYTE, p. 46) is being manufactured and sold in the 
U.S. by Tano Corp. (New Orleans, LA). For $399, the machine includes 64K bytes of RAM, sound, 
256 by 192 color graphics, and Extended Microsoft BASIC. 

8 September 1983 © BYTE Publications Inc. 



ATARI COMPUTER OWNERS: 

Pick the positively 
perfect, practical, 

printer -port peripheral 
package, from 
PERCOM DATA! 

.:M 

That s right.. the positively perfect PERCOM DATA 51/4", floppy disk drive with a BUILT -IN 
PRINTER -PORT, for your Atari, 400 /800 is now available! 

Until now, Atari computer owners who wanted to hook a printer to their computer had only one 
choice... spend about $220 for an interface device. THOSE DAYS ARE OVER. PERCOM DATA has 
built a parallel printer -port right into its new AT88 PD model. Now you can add a quality disk drive 

system AND have a place to plug in a printer... WITHOUT BUYING an interface. 
The AT88 S1 PD'" disk drive operates in both single density (88K bytes formatted) and double 

density (176K bytes formatted). 
What more could you want? NO INTERFACE... a high quality PERCOM DATA disk drive... AND a 

built -in PRINTER -PORT... all with a price of $599. 
Pick up a positively perfect PERCOM DATA disk drive, with Perfectly Priced printer -port... pronto! Y 

For the name 
TOLL-FREE 

HOTLI PERCOM DATA Dealer near 
write call our TOLL -FREE HOTLINE 1- 800 -527 -1222 NOW, or write 

for more information 

PERCOM DATA; 
C O R P O R A T I O N 

Expanding Your Peripheral Vision 
DRIVES NETWORKS SOFTWARE 

11220 Pagemill Road, Dallas, Texas 75243 (214) 340 -5800 
1- 800 -527 -1222 

Atari is a registered trademark of Atari, Inc. AT88 S1 PD is a trademark of Percom Data Corporation. COPYRIGHT PERCOM DATA CORPORATION 1983. 

Prices subject to change without notice. 

Circle 355 on Inquiry card. 



Circle 168 on inquiry card. 

LLOYD'S 
OF 

LEMON 

Now, along with a very 
impressive insurance guarantee 
from Lloyds of London, EPD 

can offer you excellent protection 
backed up by excellent protection. 

While the expert technology of 
EPD keeps your equipment safe 

from "surges," "spikes," and 

"glitches," you're also protected 
from these unpredictable hazards 

by a million dollar blanket cover- 

age policy that insures your equip- 
ment you're plugged into ours. 

The Lemon'" , The Lime- , 

The Orange'" , The Peach'" , The 

Grizzly'" and The Hawk- all 

offer this double ability to keep 

our promise to deliver clean, sta- 

ble power and effective protec- 
tion from powerline fluctuations. 
So when you plug in with EPD 

you plug in with Lloyds of 
London too. 

DON'T PLUG IN WITHOUT US. 

1/41M 111111111111111 `i 
En MO 

Electronic Protection Devices Inc. 
P.O. Box 673, Waltham, MA02254 
(617)891 -6602 1- 800 -343 -1813 
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Letters 
Multiplying without Zero 

Multiplication by doubling and halving 
( "Novel Methods of Integer Multiplica- 
tion and Division," June, p. 364) is dis- 
cussed by Karl Menninger in his excellent 
book, Number Words and Number Symbols 
(MIT Press, 1969). Menninger credits the 
Egyptians with the invention of the 
algorithm. 

Multiplication and division are difficult 
in any number system that does not have 
a zero, such as Roman numerals. The 
Romans bypassed the problem by 
doubling and halving on a counting 
board. 

Joseph J. Brigham 
1293 Brighton Sq. 
St. Paul, MN 55112 

Bug -Free But Meaningless 

Those seeking a textbook illustration of 
the dictum "garbage in, garbage out" 
need look no further than John Merrill's 
article ( "Regression Fitting to Economic 
Indexes," May, p. 474). The author 
presents a lovely piece of code, perfectly 
logical and internally consistent, which 
nonetheless produces completely mean- 
ingless output because it is based on the 
fallacy that holds that economic data can 
be treated in the same way as a con- 
tinuous function in mathematics -i.e., 
that it can be analyzed by the methods 
of calculus. 

The reasoning that refutes this fallacy 
is quite straightforward and need not be 
rehashed here. Rothbard, among others, 
has argued persuasively against the no- 
tion that it is possible to treat market 
phenomena in terms of "infinitely small" 
differences (Man, Economy, and State, Van 
Nostrand, 1962, p. 440n). Intuitively, it 
should be clear that economic data, by its 
very nature, is discrete because it is 
ultimately resolvable into individual deci- 
sions to buy or not to buy, and the buy- 
ing population is finite. (It does not help 
to argue that the population is large 
enough to "approximate" infinity 
because the market for any given good 
at any given time cannot be predicted in 
advance and may in fact consist of only 
a handful of people.) 

Even if we concede that it is sometimes 
permissible, for the sake of simplicity, to 
work with smoothed -out supply and de- 

mand curves, it makes no sense at all to 
maintain that an "underlying rate of in- 
flation" can somehow be measured by 
cataloguing the history of prices. Such a 
measurement, if it could be made at all, 
would have to be derived from 
money -supply figures. The econometri- 
cians claim to be able to use the methods 
of statistics in order to "fit" Consumer 
Price Index data to a smooth logarithmic 
curve and then to be able to "see" the 
effects of the Viet Nam war in the result! 
Even if the CPI were accurate and con- 
sistent (and it's neither), so many 
variables go into determining a market's 
equilibrium price that you might just as 
well claim you can "see" the next presi- 
dent's face in a lump of soggy tea leaves. 

The moral for programmers is that our 
work can be logical, consistent, and bug - 
free, yet still produce meaningless 
results. If seemingly plausible, these 
results may mislead vast numbers of 
people, particularly when the govern- 
ment has involved itself in the matter. I 

have no fear of 10 million machine -read- 
able files in private hands, but when the 
state uses its coercive authority to collect 
even one small database, I tremble. The 
issue for society is compulsion, not com- 
puterization. 

G. M. Harding 
POB 7556 
Carmel, CA 93921 

Kudos for the Model 100 

The warts to which Rich Malloy al- 
luded ( "Little Big Computer: The TRS -80 
Model 100 Computer," May, p. 14) are, 
in fact, beauty marks! I'm a 25 -year 
veteran of the computer field who cut his 
teeth on tubes and drum memory, but 
the bubble hasn't burst even after the first 
two weeks of 22 -hour days of reveling in 
the delights of the Model 100. The de- 
signers seem to have been blessed with 
a Midas touch that has enabled them to 
turn what initially seem like drawbacks 
into delightful and surprising assets. 

I've yet to see a criticism of the Model 
100 that doesn't wither under close 
scrutiny. Malloy's review is the best in- 
depth effort I've seen so far. My only 
query is about the surprise of the 
author regarding the individual who put 
an $800 deposit on one the day he read 



With all the clamor about personal computers, 
a fundamental fact is often overlooked: 
some simply work better than others. 

Consider the COMPAQ Portable. 

Acomputer will make you 
more productive. A 

computer will make you 
more efficient. You hear 
it everywhere. But you 
don't hear much about 
which computer actually 
works best. 

The COMPAQ Portable 
fits under a standard airline 

seat for business trips. 

runs them all. 
There are accounting 
programs for any- 
thing from comput- 

erizing your family 
budget to full -scale 
professional man- 
agement of payables, 
receivables, inventory, 
and payroll. 

There are programs 
for making charts and 
programs for com- 
municating with other 
computers. 

So you get portability 
and you don't give up 
problem -solving power. 
The combination adds 

up to the most useful personal 
computer on the market today. 

Works in more 
places 

With the COMPAQTM 
Portable,you can be as pro- 
ductive in your hotel room 
or your lake house as in your 
own office. It's a reliable companion 
on a business trip. It's a powerful sales 
aid in your customer's office. 

You can move it from office to of- 
fice to share its resources. You can 
move it into the conference room to 
answer questions. 

What's more productive than a 
computer? A computer that works for 
you in more places. 

Works with the greatest 
number of programs 

The most important consideration 
when choosing a computer is "what 
programs will it run ?" 

The COMPAQ Portable runs more 
programs than any other portable. In 
fact, it runs more than most non- 
portables because it runs all the pop- 
ular programs written for the IBM® 
Personal Computer without any mod- 
ification. There are hundreds of 
them. They are available at computer 
stores all over the country. 

Imagine the power of a portable 
word processor. There are dozens of 
word processing programs available 
for the COMPAQ Portable. 

Planning, problem -solving, and 
"what -ifs" are a cinch with a variety 
of popular electronic spreadsheet 
programs. The COMPAQ Portable 

The added usefulness is free 
The COMPAQ Portable doesn't cost 
any more than an ordinary desktop 
computer. In fact, it costs hundreds less 
than a comparably equipped IBM or 
Apple® III. The COMPAQ Portable 
comes standard with one disk drive 

and 128K bytes of 
memory, both of 
which are usually 
extra -cost options. 

The bottom line 
is this -you 

rss - just can't 

Add -on options make it work 
the way you work 

Inside the COMPAQ Portable are 
three open slots. Most portables 
don't have any. Electronic devices 
called expansion boards fit those slots 
and give the COMPAQ Portable new 
powers. As with programs, expansion 
boards designed for the IBM will 
work. With them, you can make your 
personal computer more personal. 

Want to check a stock price? One 
expansion board enables 
the COMPAQ Portable 
to handle those communi- 
cations over ordinary 
phone lines. 

Want to use your com- 
pany's central computer 
files while you're on a 
trip? There are boards 
that allow the COMPAQ 
Portable to communicate 
with a variety of large 
computers. 

Other boards let you hook 
up controllers for computer 
games, increase memory 
capacity, or connect several 
personal computers in a 
network. 

All the popular 
programs written 

for the IBM PC run 
as is on the COMPAQ 

Portable. 
buy a more 
practical, useful, productive computer. 
Compare the COMPAQ Portable. 

For the location of the Authorized 
Dealer nearest you, call 1 -800- 
231 -9966. 

*1407 COMPAQ Computer Corporation 
COMPAQ TM is a trademark of COMPAQ Computer Corporation. 
IBM* is a registered trademark of International Business Machines 
Corporation. 
Apple* is a registered trademark of Apple Computer Corporation. 

-a ----- -- 

DhATM 
Common sense and uncommon design 
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Circle 50 on Inquiry card. 

SERIAL PORT 
XPANDER 
ND 
ORE 

TA's MODEL 524 MULTIPORT 
ONTROLLER is a code activated one 

o four serial port expander - but that's 
of all since it has separate and indepen- 
ent UARTS, buffers and handshaking 
ach port can operate with a different 
onfiguration, i.e. different baud rates, 
top bits, etc. These features also permit 
wo or more devices to communicate 
ith the 524 simultaneously. 

Lotter-qurallly 
printer 

CPU 524 

High mooed 
printer 

/ Terminal \ 

u up ex wit protoco 

and rates up to 19,200 

xpansion to 16 ports by cascading 

eripheral ports may be configured 
y user software 

ne year warranty 

aNIW dir. . 4i' 
MODEL 524 5249.00 
MODEL 524A $279.00 
same as model 524 except has 256 byte 
rx /tx buffers per port 
MODEL 524 D $269.00 
same as model 524, plus continuous poll- 
ing of each peripheral device for data 
transfer requests. The device is auto- 
matically connected when its 'turn comes 
up . ON, BUSY and OFF messages are 
sent to the peripheral device. 
Other models available - Contact us or 
your dealer for additional information. 

P 
BAY TECHNICAL ASSOCIATES, inc.. 

r HIGHWAY 603, PO. BOX 387 
BAY ST. LOUIS, MISSISSIPPI 39520 

18011487 -8231 
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Letten 
about it. I went out and bought 12! I now 
do all my correspondence with it, keep 
office records on it, relish the sounds of 
my text -to -voice synthesizer, and enjoy 
threatening the wags and critics with my 
bar -code reader wand. I estimate that I 

will recoup the cost of the machines 
within a few months. 

Radio Shack has caught at least one 
customer hook, line, and sinker. 

R. E. Cassidy 
DC Consultants 
38 Riddell St. 
Woodstock, Ontario 
Canada 

Eek: Another Mouse? 

I am sorry to see Apple, Visicorp, and 
possibly Microsoft jump onto the Xerox 
bandwagon and introduce a mouse into 
their new integrated computing software. 
The mouse is an inherently bad pointing 
device for at least three reasons: it con- 
sumes one to two square feet of flat desk 
space; it requires users to move their 
hands one to two feet from the keyboard 
in order to point at a screen object; and, 
because the mouse is not in a fixed place 
relative to the keyboard, users must look 
away from their work to find the mouse 
whenever it is to be used. 

A much better solution to the problem 
of efficiently pointing at the screen is to 
use a trackball device located just below 
the space bar of the keyboard. This re- 
quires only four square inches of space, 
allows users to keep their fingers on the 
home keys of the keyboard during use, 
and does not require users to divert their 
eyes from the work. Trackballs are not 
more expensive than mice when both are 
manufactured in quantity. 

Henry Hoeksma 
112 Minota Hagey Res. 
University of Waterloo 
Canada 

The Price Is Wrong 
I was very excited by the article by 

Larry Sarisky, president of Syquest Tech- 
nology, en the company's removable 
media hard -disk drive ( "Will Removable 
Hard Disks Replace the Floppy ?" March, 
p. 110). Too bad the prices quoted in the 
article don't come close to the actual 
figures on the price list Syquest sent me. 
(Unless, of course, I buy 50 or more units. 

Do your readers often buy 50 or more 
units when purchasing hard -disk drives ?) 

The article said "3.9 -inch drives cost 
less than $800, the 3.9 -inch (cartridge) 
about $35." Also, "The drive costs only 
slightly more than a floppy -disk drive. 
The cost of a cartridge is comparable to 
the cost of a box of 10 floppy disks." 

The price list that I was sent quotes the 
price of the removable media drive and 
cartridge in quantities less than 10 as $995 

for a drive and $70 for a cartridge. Please 
be more sensitive to such exaggerated 
claims in the future. 

K. S. Scriba 
4602 Alpine 
Enid, OK 73701 

Larry Sarisky replies: 
At the time my article was submitted, our 

pricing was $800 for either the SQ306R or 
SQ306F disk drive. The Q -Pak cartridge was 
$35. Recent cost increases in material and 
manpower resulted in a price increase on the 
SQ306R and Q -Pak. To quote all of our exist- 
ing customers and prospects who have signed 
up to the slightly higher prices, "It is still 
the best deal around. " 

I am sorry for any inconvenience this may 
have caused you. 

Make Mine Modula -2 

"Modula -2: A Worthy Successor to 
Pascal" by Joel McCormack and Richard 
Cleaves (April, p. 385) is by far the best 
exposition to date on Modula -2. How- 
ever, the subtitle of the article might have 
read "And a Worthy Competitor to 
Ada." Clearly, Modula -2 could give Ada 
a run for the money, if only the Modula 
Research Institute had a tenth of the 
funds the Department of Defense (DOD) 
has allocated for Ada promotion. 

In Earl McCoy's "Strongly Typed Lan- 
guages," (May, p. 418) he says that Ada 
"is expected to attain wide use in both 
civilian and military applications." Ob- 
viously, the many firms and organiza- 
tions on the military "gravy train" will 
indeed use Ada because it is being forced 
upon them. Civilian applications, how- 
ever, are a different matter. Ada has not 
established its superiority to even extend- 
ed Pascal, let alone Modula -2. It is a 
nightmare for compiler writers and is 
clearly top -heavy with complex features, 
whereas Modula -2 is a simpler and much 
more readable systems programming Ian- 



Introducing the Most Powerful 
Business Software Ever! 

TRS -80" (Model I, II, III, or 16) APPLE' IBM" OSBORNE" CP /M'" XEROX" 
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The VERSABUSINESS Series 
Each VERSABUSINESS module can be purchased and used independently, 

or can be linked in any combination to form a complete, coordinated business system. 

VERSARECEIVABLES" $99,95 
VERSARECEIVABLES" is a complete menu -driven accounts receivable, invoicing, and 
monthly statement-generating system. It keeps track of all information related to who 
owes you or your company money, and can provide automatic billing for past due ac 
counts. VERSARECENABLES- prints all necessary statements, invoices, and summary 
reports and can be linked with VERSALEDGER II" and VERSAINVENTORY". 

VERSAPAYABLES" $99.95 
VERSAPAYABLES' is designed to keep track of current and aged payables, keeping you 
in touch with all information regarding how much money your company owes, and to 
whom. VERSAPAYABLES^ maintains a complete record on each vendor, prints checks, 
check registers, vouchers, transaction reports, aged payables reports, vendor reports, 
and more. With VERSAPAYABLES ̂ . you can even let your computer automatically select 
which vouchers are to be paid. 

VERSAPAYROLL" $99.95 
VERSAPAYROLL' is a powerful and sophisticated, but easy to use payroll system that 
keeps track of all government-required payroll information. Complete employee records 
are maintained, and all necessary payroll calculations are performed automatically, with 
totals displayed on screen for operator approval. A payroll can be run totally, automati. 
cally, or the operator can intervene to prevent a check from being printed, or to alter 
information on it. If desired, totals may be posted to the VERSALEDGER II'" system. 

VERSAINVENTORY" $99.95 
VERSA INVENTORY^ is a complete inventory control system that gives you instant access 
to data on any item. VERSAINVENTORY" keeps track of all information related to what 
items are in stock, out of stock, on backorder, etc., stores sales and pricing data, alerts 
you when an item falls below a preset reorder point, and allows you to enter and print 
invoices directly or to link with the VERSA RECEIVABLES" system. VERSA INVENTORY" prints 
all needed inventory listings, reports of items below reorder point, inventory value re- 
ports, period and year-to-date sales reports, price lists, inventory checklists, etc. 

iCaf.7PLITRßI:lIC5i 
50 N. PASCACK ROAD, SPRING VALLEY, N.Y. 10977 

VERSALEDGER II'" $149.95 
VERSALEDGER II" is a complete accounting system that grows as your business 
grows. VERSALEDGER 1I" can be used as a simple personal checkbook register, 
expanded to a small business bookkeeping system or developed into a large 
corporate general ledger system without any additional software. 

VERSALEDGER II" gives you almost unlimited storage capacity 
(300 to 10,000 entries per month, depending on the system), 

stores all check and general ledger information forever, 
prints tractor-feed checks, 
handles multiple checkbooks and general ledgers, 
prints 17 customized accounting reports including check registers, 
balance sheets, income statements, transaction reports, account 
listings, etc. 

VERSALEDGER I1' comes with a professionally-written 160 page manual de- 
signed for first-time users. The VERSALEDGER II'" manual will help you become 
quickly familiar with VERSALEDGER II' ", using complete sample data files 
supplied on diskette and more than 50 pages of sample printouts. 

SATISFACTION GUARANTEED! 
Every VERSABQSINESS" module is guaranteed to outperform all other competitive systems. 
and at a fraction of their cost. If you are not satisfied with any VERSABUSINESS- module, you 
may return it within 30 days fora refund. Manuals for any VERSABUSINESS- module may be 
purchased for $25 each, credited toward a later purchase of that module. 

To Order: 
Write or call Toll -free (800) 431 -2818 
(N.Y.S. residents call 914 -425 -1535) 

add $3 for shipping in UPS areas add $5 to CANADA or MEXICO 
add $4 for C.O.D. or non-UPS areas add proper postage elsewhere 

Circle 200 on Inquiry card. 
DEALER INQUIRIES WELCOME 
All prices and specifications subject to change / Delivery subject to availability. 

TRSBO is a trademark of the Radio Shack Division of Tandy Corp. 'APPLE is a trademark of Apple Corp. *IBM is a trademark of IBM Corp. OSBORNE is a trademark of Osborne Corp. 
CP /M is a trademark of Digital Research - *XEROX is a trademark of Xerox Corp. 



Intertec Offers 

TheWarranty 
Your First Computer 
Should've Offered. 



11110 

The rationale behind the 
conventional 90 -day warranty 
is that anything likely to go 
wrong will go wrong in the first 
3 months. 

But it can take 3 months 
just to get comfortable with a 
new system. That's the honey- 
moon- period, when you treat 
your equipment with the deli- 
cacy of a safecracker. 

See- unlike other makers, 
we know what we're standing 
behind. 

We don't slap Intertec 
nameplates on other people's 
parts. We build virtually all our 
equipment ourselves. 

And we assemble it ourselves. 
And we test and re -test it 

ourselves. 

More Bytes 
For Your Buck. 

That's also why 
we can offer you flatly 
superior dollar- values. 

In single -user 
desk tops, for example, 
our SuperBrain offers 
twin Z80s, standard; 

NMI 

CompuStar am network up to 255 intelligent 
terminals and give each of them access to 
common or restricted databases. 

Ah, but now it's 5 months 
down the road, the honeymoon 
is over, your equipment has 
finally begun to justify its cost, 
and that's the afternoon your 
processor's fan succumbs to 
fatigue. 

Or maybe the malfunction 
is more gradual, like a disk - 
head drifting increasingly out 
of alignment. 

Or more elusive, like an in- 
termittent failure due to border- 
line components. 

WhenYou Build Them 
Stronger, You Can Back 

Them Longer. 
And that's why all Intertec 

terminals, computer networks 
and disk storage systems come 
with a full year of coverage. 
Not because you'll need it,but 
to assure you that you won't. 
'CP ;11i u ngimntltmdenavA Digital Rework 
'Miimadt Rarkisu ngisa.xtlrIudenuu-k Cirprrutiai. 

64 kbytes of dynamic ram, 
standard; up to 1.5 mbytes of 
disk storage, standard; 
CP /M 2.2* and MBasic+ 
standard. 

And compared to conven- 
tional multi -user systems, our 
CompuStar systems can give 
you many more hours of 
productive labor every day - 
because, instead of depending 
on a central processor for data 
manipulation, each worksta- 
tion in a CompuStar network 
has its own processor and its 
own 64 kbytes of ram. 

As a result, you can have 
anywhere from 2 to 255 work- 
stations working simultaneously 
without suffering noticeable 
declines in execution -time. 

WhyJust Expand When 
You Can Up- Grade? 
In fact, if you assess your 

expansion alternatives in terms 
of relative payback potential, 

you're very likely to find that 
up- grading with Intertec equip- 
ment from scratch would be 
more cost -effective than 
burdening your existing instal- 
lation with add -on's. 

Dollar for dollar, the Inter - 
tec system is apt to be not only 
faster, more powerful and more 
versatile, but more reliable and 
better supported. 

Service On Site? 
Within 4 Hours? 

In addition to our one -year 
warranty, and the carry -in 
service provided by authorized 
Intertec dealers, we also have 
600 factory -trained technicians 
to provide service on -site in 120 
U.S. cities, often within 4 hours. 

To arrange for that service 

Since we build our 
equipment from 
scratch, we can 
afford to do it right 
and still hold down 
our prices. 

just call our Customer Services 
Department at 803/798-9100. 
At the same time we'll be happy 
to give you the name of your 
nearest Intertec dealer. 

Or write on your letterhead 
to Intertec Data Systems Cor- 
poration, 2300 Broad River 
Road, Columbia, SC 29210. 

intertec 
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Apple® II, IIe 
5 megabyte 
Removable 

HARD_DISK'M 
$1,295 

HARD_DISK is 
designed for fast access 
to large data files. 
The Removable 
HARD_DISK PACTM 

can even replace floppy 
diskettes as a very 
reliable backup media 
and eliminate the need 
to add floppy disk 
drives. 

One Year Warranty 

205-871-0987 

Digital Electronics Systems 
107 Euclid Avenue 

Mountain Brook, AL 35213 

HARD_DISK, PAC are trademarks of Digital Electronic 
Systems, Inc. 
Apple II, Ile is trademark of Apple Computer, Inc. 
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Letters 
guage. 

Perhaps it would be useful to follow the 
example of David Packard, founder of 
Hewlett- Packard. Having witnessed the 
DOD as an insider (he held the title of 
Deputy Secretary of Defense), he later 
ran H -P on the principle that it should 
stay as far away from military business 
as possible. Maybe he knew something 
we all should know. 

Luckily, the nonmilitary option is avail- 
able, and it happens to embody the best 
elements for successful systems 
implementations. 

Lee Scott Jacobson 
Bebo White 
1440 Catalina St. 
San Leandro, CA 94577 

Wanted: a Conversion Program 

I find myself viewing the advent of 
16 -bit personal computers with mixed 
emotions. 

Having purchased an 8 -bit personal 
computer some years ago, I have in- 
vested considerable time and money in 
software for the 6502 MPU. A good deal 
of this investment was expensive "un- 
copyable" business and business- related 
programs. 

My initial reaction of elation for the 
IBM PC quickly disappeared when I real- 
ized the limited software available at that 
time and the inability to convert my ex- 
isting software to the new OS /DOS used 
by that machine. Despite the relatively 
low cost of the IBM PC and its obvious 
advantages, I was discouraged from pur- 
chasing it due to the tremendous expense 
in time and money to convert my existing 
software to the new system. 

As other newer MPUs and machines 
are released to the general market with 
expanded capabilities, the companies 
who published their proprietary pro- 
grams push their early supporters to 
either repurchase the same software (if 
it exists) to upgrade to a new system or 
simply to make do with a smaller, less ef- 
ficient system. 

The personal computer industry takes 
justifiable pride in the tremendous strides 
it has made toward industrial standards, 
while the software industry struggles 
mightily to maintain parity (no pun in- 
tended). The introduction of new MPUs 
results in new OS /DOS systems -CP /M, 
CP /M -86, Concurrent CP /M, CP /NET, 
Unix, Xenix, and the UCSD p- System, to 

name a few. While some of these are 
cross -translatable and others can be used 
on a variety of MPUs, some tremendous- 
ly brilliant software is compatible with 
only one or two systems. No sys- 
tem = no software. 

Now, I'm no expert, and it may be that 
an inexpensive conversion program 
exists, but I haven't seen it advertised at 
any price. On the other hand, if a trans- 
lator doesn't exist, someone stands to 
make a fortune on a single program 
series. 

A small business or serious hobbyist 
simply cannot afford to repurchase or 
retype numerous programs after expend- 
ing the necessary capital to purchase a 
new machine. Therefore he either 
declines to purchase the machine or 
resorts to writing his own programs - 
bugs and all. Either way, one portion of 
the industry suffers. 

It may be poor form to discuss price, 
but for me at least, cost -effectiveness is 
of paramount importance. If I want to 
purchase $8000 to $10,000 worth of equip- 
ment and then be forced to repurchase 
a similar dollar value of software that I 

already own, cost -effectiveness ceases to 
exist. 

John Winney 
8326 228th St. SW 
Edmonds, WA 98020 

Corrected CASE Structure 
for Fig -FORTH 

Your August 1980 issue featured several 
excellent articles on FORTH. Since that 
time, the issue appears to have become 
a reference for individuals and companies 
as more and more attention is paid to 
FORTH. Peopleware Systems specializes 
in FORTH products, and we have re- 
ceived inquiries about the Miller and 
Miller article, "Breakforth into FORTH," 
(p. 50). 

An example on page 180 has a subtle 
bug. The example as it appeared in 
essence is as follows: 

: CASE <BUILDS SMUDGE ] DOES> 
SWAP 2 * + I@ EXECUTE ; 

: OPET ." AARDVARK " ; : 1PET 
." BEAVER " ; : 2PET 
." COUGAR " ; 

CASE: ANIMAL OPET 1PET 2PET ; 

where 1 ANIMAL will print BEAVER, 

Circle 473 on Inquiry card. 
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Letters 
etc 

The problem revolves around ter- 
minating the list of cases after CASE: 
(OPET 1PET 2PET) with { ; }. 

The function of the terminator is to 
reset STATE to 0, which indicates execu- 
tion mode. While { ; } does this, it also 
does some other things in fig systems 
... it toggles the SMUDGE bit, and 
hence the need for SMUDGE in the 
<BUILDS clause in the definition of 
CASE: . { ; } also executes ?CSP, and 
here lies the bug. 

If tht ibuvr t c intplc i.. kc ytc1 ill is 

shown, it will work as expected. How- 
ever, if the stack is altered after defining 
2PET but before defining ANIMAL by 
putting a number on the stack, the ?CSP 
test will fail, giving an error message #14, 

"definition not finished." 
If { [ } is used to terminate the list of 

cases, no ?CSP test will be performed, 
and the problem will be eliminated. If this 
is done, SMUDGE should be omitted 
from the definition of CASE:. 

Better yet, a synonym for { [ } can be 
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leading Edge 1- 80.5100 Distributed Processing. 

$475.00 
Memory transfer rates of 517Kbytes /second, 

direct memory access, memory mapping and 
host to slave requests via interrupt control make 
the CPS -MX fast. And easy to integrate. Fully 
compatible with TURBOdos'", Intercontinental 
Micro System's slaves are available in four 
versions: synchronous or asynchronous serial 
port, 4Mhz or 6Mhz. The choice is yours. The 
CPS -MX also allows the bus master to utilize 
slave memory at the user's discretion. The slave 
then acts as a 64K RAM card. 

The CPS -MX is also easy to integrate with 
Intercontinental's full line of S100 products: 
CPZ -48000 SBC 

single board 
computer with 
64K on board 
RAM, 4 I/O 

channels, memory management, on board 
floppy controller, DMA and vectored priority 
interrupts; and 256K bank selectable or 
contiguous memory. 
A complete line of personality boards allow 
easy interface to anything from a floppy to a 

winchester, including modems and printers, and 
don't take up any S -100 bus space. 

Best of all is the price. The CPS -MX starts at 
$475.00. That's right, up to 65% less than what 
you have been paying for products that may not 
measure up. 

Call Intercontinental Micro Systems today. 
We'd like to send you information 
on the S -100 slave alternative. 

MICIO m-.,«.u. 

1733 South Douglass Road, Suite E, Anaheim, California 92806 (714) 978-9758 Telex: 678401- TAB -IRIN 

TURROdos is a trademark of Software 2000.Inc. 
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defined to terminate the list of cases 

: ENDCASE [COMPILE] [ ; 

IMMEDIATE 

Note that { [ } is IMMEDIATE and, 
therefore, requires the use of [COM- 
PILE]; note also that ENDCASE must be 
IMMEDIATE. 

This bug can show up if CASE: is made 
part of your FORTH kernel. Thus, if you 
boot your FORTH system after turning 
power on and the first definition uses 
CASE: to define a word, CSP will con- 
tain garbage, and the ?CSP error will 
result. Our P -FORTH card automatical- 
ly saves compiled FORTH code in non- 
volatile EEROM, which makes this bug 
more likely to appear. 

The correct example would then be 

: CASE: <BUILDS ] DOES> SWAP 2 

* + @ EXECUTE ; 

: ENDCASE [COMPILE] [ ; 

IMMEDIATE 
: OPET ." AARDVARK " ; : 1PET 

." BEAVER " ; : 2PET ." COUGAR " ; 

CASE: ANIMAL OPET 1PET 2PET 
ENDCASE 

Note the definition of CASE: is a fairly 
advanced FORTH topic, but the use of 
CASE: is very simple. 

Fred Olson 
Peopleware Systems Inc. 
5190 West 76th St. 
Minneapolis, MN 55435 

Coding between the Lines 

I was considering buying the Apple 
Logo for my children until I read Gary 
Drescher's letter (March, p. 20). I have no 
intention of paying for the advertising of 
his favorite cause or anybody else's. I 

wonder what he would think if, for ex- 
ample, his or his friend's child received 
a FORTRAN compiler error message 
such as "Evolution stinks." Would he 
send the ACLU to the rescue or recognize 
the rights of anti -evolutionists to resist? 
Certainly, in a democratic society there 
are less sneaky ways of exercising one's 
rights to differ from and /or resist prevail- 
ing public opinions. 

George Jerinic 
7 Robinwood Rd. 
Acton, MA 01720 
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competition. 

IBC MIDDI CADETTM ALTOS TM ACS 8000-10 

Maximum Users 9 Maximum Users 4 
Disk Storage 20 MB Disk Storage 10 MB 
Memory 256 KB ' * Memory 208 KB 

CPU Speed 6 MHz CPU Speed 4 MHz 
Benchmark (Elapsed time) 1:44 Minutes' Benchmark (Elapsed time) 5:03 Minutes' 
List Price S7495.00 List Price $7995.00 

The IBC MIDDI Cadet is better, faster and less expensive than the ALTOS ACS -8000 -10 and 
others. That's why we call it the heavyweight performer. 
Because the MIDDI is completely software compatible with ALTOS, ONYX'', Dynabyte ' and 
others using CP /MTM 2.2, MP /M" . II or OASIS"'', you can transport your applications software to the 
MIDDI without modification. So why not take the benchmark test yourself. 
If you are an OEM, system integrator, multiple end user, or dealer for any of our competitors, 
send a copy of your application program to IBC. We will run your software on the MIDDI without 
modification and give you the elapsed time in minutes. You be the judge. If it really is faster 
than your current hardware and it is, then you owe it to yourself and your customers to switch to 
IBC. 

So remember! When you want a heavyweight performer at a low price, contact 
OUTSIDE THE USA 

mlr /nlegrated Business Computers 

21592 Marilla Street 
Chatsworth, CA 91311 
(213) 8829007 TELEX NO. 215349 

WITHIN THE USA 

IBC,/ DISTRIBUTION 
1140 36th Street Suite N212 
Ogden, UTAH 84403 
(801) 621.2294 

'Four users under OASIS 

Upgrodeable to 512 K Ryles y/ ti, 
ll/3( J 

__ urmn_ir 
Al IOS is u Iruaemurk nl Al 105 Comfxdur Sylems. ONYX is a trademark of Onyx Systenn. Inc DYNABYTF is a trademark 01 Uynat,yle &nines: !I Iv YYI Coln; Rite's, CP /M & MPIM are trademarks ut Digital Research. and OASIS is a trademark of Phase One Systems 
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Ciarcia's Circuit Cellar 

Bad the Micro 
D-Cam Solid -State 
Video Camera 
Part 1: The IS32 Optic RAM 
and the Micro D -Cam 
Hardware 
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A 64K -bit dynamic RAM chip is the visual sensor in this digital 

If you've followed the activities 
in the Circuit Cellar for any 

period of time, you have probably 
realized that my writing a monthly 
column is just an excuse to investigate 
and experiment with whatever I find 
currently fascinating. One of my 
longtime fascinations has been the 
input of visual data to a computer. 
While I've presented interfaces that 
allow computers to determine direc- 
tion and measure distances, receive 
a variety of sensory inputs via touch 
or remote signal, and even speak 
their minds through voice synthesis, 
until now I have not presented a pro- 
ject that enables a computer to see. 

There was a time when most com- 
puters communicated via klunky 
teletypes at 10 characters per second. 
Improving output technology -high- 
speed video graphics displays, dot - 
matrix printers, and voice synthe- 
sis -has vastly improved the com- 
puter's ability to communicate 
results and conclusions to its user. 
Except in specialized applications, 
however, input technology has been 
discouragingly static. We still plod 
along using keyboards or mice as the 
primary input device even when the 
input data may be graphical. 

So much of our existence involves 
visual recognition that it only stands 
to reason that the potential applica- 
tions of computers would be en- 
hanced if a versatile sensory-input 
channel were available to the ma- 
chines. Then, instead of spending 
hours entering digital coordinates 
from a picture or map into a com- 
puter using a keyboard, you could 
easily use a "computerized camera" 
to make a visual snapshot of the 
material, instantly producing a 
digitized picture. Once you had such 
a picture in the computer, it could be 
interpreted, enhanced, or stored as 
the application might dictate. 

Photo 1: In this prototype, the Optic RAM 
is mounted inside a light -tight box with a C- 
mount lens focusing light onto one of its cell 
arrays. The ribbon cable leads straight from 
the Optic RAM to the interface card in the 
Apple. 

image camera 
Computers and Vidicon Cameras 

Computerized -image cameras are 
not new, but up to now they have 
always been too expensive for wide- 
spread practical use and casual ex- 
perimentation. Most of the computer 
image -input devices currently avail- 
able use a conventional black -and- 
white television camera as the image 
sensor. The camera's video output 
must be converted to digital logic 
levels for the computer: a difficult 
task, because the output, produced 
using a Vidicon -type pickup tube, is 
a high- frequency analog signal di- 
vided into 30 complete frames of pic- 
ture information transmitted and 
scanned each second (or 25 frames 
for most TV systems outside North 
America). 

Most high -quality TV- camera inter- 
faces convert the analog signal for 
computer processing through "frame 
grabbing;' in which one of the frames 
is sampled, digitized, and stored dur- 
ing a 1 /30- second frame -scan interval. 
In these sophisticated visual sensing 
systems, a high -speed A/D (analog - 
to- digital) converter digitizes the 
analog signal in real time at sampling 
rates exceeding 5 megahertz (MHz) 
and stores the PCM (pulse -code 
modulated) data in a high -speed buf- 
fer made of semiconductor memory. 
Because they operate so fast, such 
units are insensitive to camera mo- 
tion and fast scene changes. 

In less sophisticated TV-camera in- 
terfaces, the designer has assumed 
that the camera and the object in its 
view will remain still long enough for 
the picture to be processed by slower, 
cheaper circuitry. When the TV pic- 
ture is stationary, all frames in the 
signal are identical, so a sequential 
line -sampling technique is often em- 
ployed. In units of this type, a low - 
speed A/D converter (sampling from 
100,000 to 1,000,000 times per second) 
operates in bursts of activity shorter 
than a frame interval, with each suc- 
cessive period of activity, or sampling 
window, triggered at a slightly later 
time during the frame interval by line 
and pixel (picture element) position 

Copyright © 1983 Steven A. Ciarcia. All rights reserved. 

counters. In between the sampling 
windows, the support circuitry has 
time to store the digitized informa- 
tion and get ready for the next burst 
of activity. As a result, the interface 
assembles the single image from 
pieces snatched from many frames. 

High -speed frame grabbers gener- 
ally cost more than $10,000, while the 
slower units cost somewhat less, de- 
pending upon speed and resolution. 
You can expect a 256 by 256 pixel - 
resolution low -speed interface, the 
kind used in the computer systems 
often seen at conventions printing 
images on T- shirts, to cost between 
$500 and $1000; half of that price is 
for the camera and lens. 

Solid -State Arrays to the Rescue? 
The problem with the Vidicon -type 

camera is that it is an analog device, 
which must be adapted to work in 
digital applications. It would be far 
better to have a computer video 
camera that is inherently digital and 
dispense with the analog -to- digital 
conversion. Why not use semicon- 
ductor devices, the outputs of which 
are digital signals that change as a 
function of light level? 

The barrier has been price. A va- 
riety of semiconductor optical sen- 
sors, such as photodiode and 
charged -coupled- device (CCD) ar- 
rays, fill the bill nicely. When I first 
started to think about building a 

solid -state image camera, I thought I 
could just order a 256 by 256 pixel 
CCD array and add a few binary - 
counter chips for a quick project. This 
idea evaporated quickly when I dis- 
covered that CCD arrays cost from 
$800 to $2000, depending upon the 
number of bad pixels you get. 

My success with photodiode arrays 
wasn't much better. It seems that for 
about $100 you can buy a 128 by 1 or 
256 by 1 array, but arrays more than 
one element wide are hard to find. 
To create a 256 by 128 or 128 by 128 
picture, I would have needed to 
devise an optical, mechanical, or 
electronic way to move the array 
across the image plane, or move the 
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Figure 1: A schematic diagram of the timing - generator circuit, which contains a CMOS oscillator circuit to generate the fundamental clock 
rate. This signal is divided down to produce the frequencies for various possible output data rates and controlling the IS32. The data -rate -clock 

signals control the sequence of operation of the interrupt generator and the transmitter circuit. 

image across the array, stopping 
periodically for the values of the pic- 
ture elements to be registered and 
stored. After tentatively sketching a 
screw drive and its associated control 
electronics, I gave up in disgust at the 
thought of how hard it would be to 
build. 

If Memory Serves... 
I had almost decided to join the 

bandwagon and use a Vidicon 
camera when I remembered experi- 
menting with the optical sensitivity 
of dynamic RAM (random- access 
read /write memory) chips back in 
1976. I had even seen a design pub- 
lished for a 64 by 64 pixel resolution 
camera that used a type -1103 1K -bit 
dynamic RAM chip as an optical sen- 
sor. If the bit -storage cells in those 
early dynamic RAMs were light -sen- 
sitive, could the newer ones be also? 
If I popped the top off a 64K -bit 
dynamic RAM chip, wouldn't I find 
a 256 by 256 array? 

Well, yes and no. I took the lids off 
a few brands of 64K -bit dynamic 
RAM chips, and it does appear that 
they are light -sensitive. The problem, 
however, is that they were designed 
only as memory devices and not op- 
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tical arrays. To my knowledge, none 
of the 64K -bit dynamic RAMs on the 
market are configured as an ortho- 
gonal array laid out 256 elements 
long by 256 wide. In fact, most have 
4 or 8 sections of 16K or 8K bits, and 
many include redundant sections 
that can be wired in to replace bad 
sections on the chip. The bit ad- 
dresses don't proceed linearly 
through the chip either; one bit may 
be in the upper -left corner and the 
next bit in the lower -right corner. 

Just as I was about to abandon all 
hope, I found an unconventional 
dynamic -RAM manufacturer that has 
recognized the light- sensing potential 
of its 64K byte device. Micron Tech- 
nology Inc., of Boise, Idaho (certain- 
ly an unconventional place to make 
integrated circuits), produces a 
dynamic RAM chip that has its mem- 
ory cells laid out in only two sections, 
both of which are 256 by 128 cells, as 
shown in figure 7 on page 31. With 
this configuration, the chip can easi- 
ly be used as an optical sensor. One 
specially tested 64K bit dynamic 
memory device, called the IS32 Op- 
tic RAM, comes in a package with a 
see -through quartz lid (see photo 4 

on page 30). 

Per pixel, the Micron Technology 
IS32 Optic RAM costs 1000 times less 
than the earlier generation of image - 
sensing chips such as the CCD. The 
Optic RAM's spectral sensitivity is 
generally the same as that of other 
silicon -based light- sensing media, 
but its bit -for -bit uniformity is not as 
good as CCDs. Nevertheless, the Op- 
tic RAM can bring capabilities to your 
computer that were previously avail- 
able only to large industrial users. 

Build the Micro D -Cam 
This month, using the IS32, I'll 

show you how to build a relatively 
low -cost digital image camera I call 
the Micro D -Cam (see photo 1). Its 
resolution of 256 by 128 pixels is ade- 
quate for many applications in graph- 
ics, pattern and character recogni- 
tion, robotics, process control, and 
security. (Of course, the output of the 
Micro D -Cam is a digital signal; it 
cannot be used to directly drive a 
composite -video monitor.) I've put 
together versions of the Micro D -Cam 
for use with the Apple II computer 
(II -Plus and IIe, see photo 3, page 
30) and the IBM Personal Com- 
puter; however; the Micro D -Cam is 
serially interfaced and requires only 



five wires for connection, so I'm also 
working on an RS -232C version that 
can be attached to any computer that 
has a serial port. 

The Micro D -Cam project is rather 
complex, so I'll present it in two 
parts. This month Ill explain how the 
IS32 Optic RAM and the Micro D- 
Cam hardware work. Because appro- 
priate software is vital to the success 
of this project, next month Ill include 
a lengthy listing of a typical control 
program for use with the Apple II- 
Plus version of the Micro D -Cam. 
We'll also look at some of the Micro 
D-Cam's capabilities. 

IS32 Optic RAM 
The IS32 from Micron Technology 

is an all- digital image- sensing device. 
Its pertinent characteristics are 
shown in table 1. 

The IS32 contains 65,536 (64K) 
light- sensitive memory cells laid out 
in two planar, rectangular arrays of 
32,768 elements, each a matrix of 128 
rows and 256 columns. The two 
arrays are separated by an optically 
nonsensitive "dead" zone about 25 
elements wide. To avoid having a gap 
in the image or using complicated op- 
tical systems to eliminate it, only one 
of the arrays is usually used as an 
image sensor. Each of the memory 
elements in the matrix can be ac- 
cessed randomly when the control 
circuitry strobes in the appropriate 
row and column address of the ele- 
ment being accessed. 

Theory of Operation 
An image camera built around the 

IS32 focuses reflected light from the 
viewed object and passes it through 
a lens onto one of the 32,768 -element 
arrays. When an individual element 
is struck by photons of light, the 
capacitor in the cell, which is initial- 
ly precharged to a fixed voltage, 
begins to discharge toward zero volts. 
The capacitor discharges at a rate pro- 
portional to the light intensity 
throughout the duration of the 
exposure. 

After the exposure interval has 
elapsed, the circuitry reads the ele- 
ment by addressing it as a memory 
cell. During the cell access, sense 
amplifiers within the IS32 read the 
capacitor's voltage value and compare 
it to a fixed threshold voltage. If the 
potential is above the threshold, the 
picture element is deemed to be 
black; if the potential is too low, the 
picture element is declared white. 
The Do., pin of the Optic RAM is set 
to a logic 1 or 0 during the corre- 
sponding bit interval as a result of 
this decision. The raw "gray scale" of 
the IS32, therefore, has only two 
shades, white and black. (We'll see 
how to compensate for this shortly.) 

All dynamic -memory devices re- 
quire refreshing for operation; the 
charge representing the data stored 
in each cell capacitor will leak away 
if left alone (exposure to light merely 
hastens the leakage). The charge 
must be sensed and brought back to 

the nominal voltage for the logic state 
it represents This can happen when 
the computer reads a bit value from 
the cell, but more frequently it hap- 
pens when circuitry external to the 
memory chip periodically activates 
the cell's address just for the purpose. 
(Many memory chips, including the 
IS32 Optic RAM, can refresh their 
cells a whole row at a time.) The IS32 
can be used this way as a regular 
memory device can, but in optical 
service there is a twist in the refresh- 
ing. The chip is light- sensitive only 
when it is not being refreshed; the 
key to using it in a camera is to care- 
fully control its sensitivity by per- 
forming the refresh operation in a 
special way. 

In the beginning of an image -sens- 
ing cycle, the Micro D-Cam's circuitry 
addresses all the cells in the active ar- 
ray, filling them with the positive 
voltages that represent logic ls. The 
exposure begins with the receipt of 
a SOAK command, which is the 
equivalent of opening the shutter (to 
allow the array to "soak" in light). 
Then, after the appropriate exposure 
interval has elapsed, the control cir- 
cuitry issues the refresh command, 
which freezes the states of the mem- 
ory cells (or pixel cells, if you will). 
Then the control circuitry activates 
the interrupt state, during which the 
value of one cell is fetched and trans- 
mitted. Interrupt cycles are continued 
until all the bits in the array have 
been transmitted. (The interrupt 

Photo 2a: The Micro D -Cant can focus on UPC bars. Both photos 
shown here used the Apple II's high -resolution graphics routines to 

reproduce the camera's output. 

Photo 2b: The Apple 11's display represents gray levels as different 
densities of white dots. Several different -length exposures are com- 
bined to form the gray -scale image. 
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mode is not maintained constantly 
because the IS32 cannot be refreshed 
during the interrupt.) The Micro D- 
Cam then causes all the cells to again 
be set to 1, and the image- sensing 
cycle starts over. 

A white pixel (logic 0) in the out- 
put indicates that the capacitor was 
exposed to a light intensity sufficient 
to discharge it past the threshold 
point. A black pixel (logic 1) indicates 
the light intensity was not enough to 
discharge the capacitor past the 
threshold point. 

How fast the camera can scan the 
image varies according to the light in- 
tensity. The faster the elements are 
scanned, or read, the greater the light 
intensity required. The Micro D -Cam 
can scan approximately 15 frames per 
second at maximum speed. 

The Optic RAM Resembles Film 
The operation of the digital image 

sensor can be compared to that of a 
black- and -white film emulsion in a 
conventional photographic camera. 
Like the film, the IS32 contains many 
light- sensitive elements lying in a 
single plane. The image is focused 
(optically) on the plane, the user can 
adjust the aperture (measured in f- 

stops) and the length of exposure. 
The aperture is an adjustment of the 
size of the opening through which 
the light is allowed to pass on its way 
to the light- sensitive medium 
(changed in both cases by mechani- 
cally opening or closing an iris). The 
length of exposure (corresponding to 
photographic shutter speed) is ad- 
justed in the Optic RAM by the scan- 
ning function of the drive electronics. 
And in the Optic RAM, the film is 
advanced, so to speak, by refreshing 
the voltage on all the memory 
elements. 

Also like film, the Optic RAM's 
elements respond to light in a binary 
fashion, indicating only black or 
white, the presence or absence of a 
certain amount of light during the ex- 
posure. However, in a photographic 
film, the light- sensitive elements 

1. 126- by 256 -element array measuring 
5.504 by 1.088 millimeters 

2. Element size: 8 microns by 9 microns 
3. Vertical center -to- center spacing: 21.5 

microns 
4. Horizontal spacing: 8.5 microns 
5. Spacing between left and right arrays: 150 

microns 

Table 1: Specifications of the Micron Tech- 

nology 1S32 Optic RAM, a 64K-bit 
memory chip that has the extra talent of 
serving as a digital image detector. 

(grains of silver -halide compounds) 
come in different sensitivities and re- 
spond to different intensities of light, 
whereas the IS32's cells all respond 
at about the same intensity for any 
given condition. To circumnavigate 
this limitation with the Optic RAM, 
varying shades of gray can be re- 
corded by making multiple scans of 
the same optical image, averaging the 
results obtained from either changing 
the sensitivity of the cells, using a dif- 
ferent threshold voltage for each 
scan, or varying the scan rate. 

By changing the threshold voltage 
and keeping both the scanned image 
and light intensity constant, areas on 
the Optic RAM where intermediate- 
ly bright portions of the image fall 
will give differing output levels. The 
nominal threshold potential, 2.1 volts 
(V), can be adjusted though pin 1 

(Analog Threshold) on the IS32 from 
1.5 V to 3 V, but Micron Technology 
suggests that gray -scale capability be 
achieved by varying the scan rate 
rather than by adjusting the thres- 
hold voltage. Changes will be ex- 
hibited in the response of the pixels 
where the image is gray (of inter- 
mediate brightness) so that the 
amount of light striking the cell 
capacitors is near the threshold volt- 
age. Of course, a darker area of the 
image will generate more logic 1s as 
output than logic Os, and a lighter 
area will generate more logic Os. By 
averaging these outputs over a num- 
ber of scans, the appropriate shade 

of gray can be produced in a com- 
posite image representation. 

The Micro D -Cam may not contain 
a mechanical shutter, but its elec- 
tronic equivalent is easily controlled 
by sending the appropriate com- 
mands to the control circuitry. The 
Optic RAM's sensitivity to light varies 
according to the electrical voltages 
present on it, allowing for precise 
continuous control of the Micro D- 
Cam s exposure values. 

Ease of Use 
Hooking up the Micro D -Cam to a 

computer is easy. The unit's control 
circuitry provides all the requisite 
timing signals and circuitry to execute 
commands received from the corn- 
puter. The Micro D -Cam automati- 
cally sequences the Optic RAM so 
that each image- sensing cell is ac- 
cessed and the appropriate video in- 
formation transmitted to the com- 
puter for display or processing. 

The Micro D -Cam uses a C -mount 
lens (the type commonly used in 
16- millimeter movie cameras and 
small television cameras) with vari- 
able focus. The lens I chose was de- 
signed for viewing objects from a dis- 
tance of at least 18 inches (45 cm); 
from this distance, the Micro D -Cam 
can distinguish characters of the size 
you are now reading. For viewing ob- 
jects under greater magnification, 
you can insert a close -up adapter be- 
tween the lens and its mount to ex- 
tend the focal length of the lens. (See 
photo 2.) 

The link between the computer 
and the Micro D -Cam is a TTL- 
(transistor- transistor logic) level serial 
interface. The external data -rate clock 
signal allows the computer to be syn- 
chronized to the Micro D -Cam, so 
the camera can operate at a speed of 
its own choosing. 

Five lines run between the camera 
and the computer, carrying the trans- 
mit, receive, ground, and external 
clock signals and +5 V power. A gen- 
eral- purpose type -6850 ACIA (asyn- 
chronous communication interface 

Editor's Note: Steve often refers to previous Circuit Cellar articles as reference material for each month's current article. Most of these past articles are available 
in reprint books from BYTE Books, McGraw -Hill Book Company, POB 400, Hightstown, NJ 08250. 

Ciarcia's Circuit Cellar, Volume I covers articles that appeared in BYTE from September 1977 through November 1978. Ciarcia's Circuit Cellar, Volume 
II contains articles from December 1978 through June 1980. Ciarcia's Circuit Cellar, Volume III contains articles from July 1980 through December 1981. 
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adapter) buffered chip performs 
serial -to- parallel and parallel -to- serial 
data conversion, mating the Micro D- 
Cam's nonspecific circuitry to the 
host computer, as illustrated by the 
Apple II Plus in this article. 

Hardware Details: Timing, 
Refreshing, and Interrupts 

The timing -generator circuit (see 
figure 1), which generates the timing 
signals for the operation of the Micro 
D -Cam, contains a CMOS (comple- 
mentary metal -oxide semiconductor) 
oscillator circuit that generates the 
fundamental clock rate. This signal is 
divided down to produce the fre- 
quencies for various possible output 
data rates and controlling the IS32. 
The data -rate -clock signals control 
the sequence of operation of the 
interrupt generator and the transmit- 
ter circuit. 

The oscillator circuit emits a fun- 
damental 4.9152 -MHz signal, which 
is buffered by a type 74C04 inverter 
section (IC20a). This clock signal is 
divided again by a type -D flip -flop 
and brought out to a set of data - 
rate- selection jumper connections. 
IC26 divides the frequency by in- 
creasing powers of 2; these various 
subharmonic outputs lead to other 

IC7 
7aCOA 

SERIAL 
COMMAND 13 1 

INPUT 
( TTL LEVEL) 

16 X CLOCK 

data - rate -selection jumpers. Jumper 
connections 5 through 8 select the 
data rate used in the transmitter and 
interrupt- generator circuit (figure 5 
on page 28), while connections 1 

through 4 are 16 x clock signals used 
in the receiver circuit. The output of 
IC26's pin 7 drives the Optic RAM's 
timing circuitry, which generates the 
familiar RAS (row- address strobe), 
CAS (column- address strobe) and 

R/W (read /write) signals as used by 
most dynamic RAM chips. 

When the camera is transmitting 
data from the Optic RAM, it is in the 
interrupt mode, and the CAS and 
R/W signals are provided to the 
Optic RAM. When the camera is not 
transmitting, the interrupt mode is 
off, and CAS and R/W are dis- 
abled; the active -high interrupt sig- 
nal INT is low and its complement 
INT is high, so the output of the 
AND gate driving CAS remains 
high and the OR gate driving R/W 
remains low. 

During an interrupt cycle, INT 
goes high and INT goes low, enabl- 
ing CAS and R/W . The high state 
of RAS' (RAS- bar -prime) passes 
through a delay line consisting of two 
inverter sections (IC20d and f) and an 
R/C (resistance /capacitance) network, 

and then, combined with INT 
through an AND gate (IC9c), causes 
CAS to go high. When this hap- 

pens, the column address is latched 
into the Optic RAM. At this time the 
R/W signal is still high, so the value 
stored in the accessed pixel is read 
out. After another delay period, 
R/W goes low, writing a 1 bit into the 
accessed cell to restore its charge and 
make it again able to react to light. 
When RAS' returns low, the inter- 
rupt cycle is terminated and CAS 
and R/W are disabled. 

Command -Receiver Circuit 
The serial command line carries 

commands from the computer to the 
camera. This data enters the com- 
mand- receiver section (figure 2) a 
single bit at a time and is assembled 
according to the following protocol. 
The first bit to arrive is the start bit, 
followed by 8 data bits and then the 
stop bit. The start bit enables opera- 
tion of the input shift register and 
starts the shift- register clock, which 
is initially low. When the clock goes 
high, the start bit, always a high level, 
is latched into the first of eight data 
positions in the shift register. When 
the clock goes low, the first data bit 
arrives at the shift register's input. 

9 

2 

1 

11 

10 
PR 

D 

IC6 
74C74 

CLOCK 

CLR 

8 

t 5%, 

NO CONNECTION /-' 
10 7 9 13 14 15 16 

P LOAD DO 01 D2 D3 T 

CLEAR 

CLOCK 

IC 25 
74LS161 

00 01 02 03 
r14 13 12 ill 

NO CONNECTION 

8 

9 

IN A 

CLEAR 

CLOCK 

01 02 

IC13 
74C164 

03 04 05 06 07 08 
3 

N/C 

4 

3 

5 

a 

6 

6 

10 

11 

11 

13 

12 113 

14 

IC7 
7aCOa 

DO DI D2 D3 D< 05 

IC19 
74 C174 CLEAR 

CLOCK 
00 01 02 03 04 05 

2 5 7 l0 12 15 

%MI 

SOAK 

2 ARRAY 

7 -BIT 

WIDE PIK 

ALTBIT 

Q E OF 
(END OF FRAME) 

Figure 2: The serial command line carries commands from the computer to the camera. The data enters the command - receiver section serially 
and is assembled by the shift register into a decodable word stored in the latch. 
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When the rising edge of the clock 
pulse is detected, the shift register 
moves the high start bit from position 
1 to position 2 and shifts the first data 
bit from the shift register's input in- 
to position 1. As successive bits ar- 
rive, each one is shifted into the shift 
register when the rising edge of the 
clock pulse is detected. 

When the start bit finally reaches 
position 8, the camera has received 
the entire command byte, so the first 
6 data bits are transferred from the 
shift register into a latch (a 1 -byte 
memory) called the command register. 
The clock is then disabled and the 
shift register cleared, leaving the 6 

camera -command bits in the com- 
mand register. The receiver is now 
ready to accept another command. 

Address Registers 
The address registers of the circuit 

(see figure 3) latch the row -address, 
column- address, and refresh pointers 
for the Optic RAM addressing. Ad- 
dress registers IC22 and IC16 hold the 
row and column addresses, respec- 
tively, while the third register, IC10, 
is the refresh register. 

The first two registers are activated 
only when the camera is to fetch and 

INT 
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07 

2ARRAY 
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10 
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74C00 
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74C32 

NEXT 
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CLOCK 

transmit a single bit of information 
from the Optic RAM. (This fetch 
operation is the interrupt cycle, 
which, as we saw before, is initiated 
by the INT signal going high.) The 
cycle starts on the occurrence of the 
falling edge of the RAS signal and 
ends on the next falling edge of RAS. 
When the camera is not fetching in 
an interrupt cycle, the refresh register 
is active. This third address register 

An unconventional 
dynamic -RAM 

manufacturer has 
recognized the light - 

sensing potential of its 
64K -bit device. 

continually increments the row - 
address value from 0 through to 255. 
Except during interrupts and expo- 
sures, this value passes through to 
the address lines of the IS32, per- 
forming a refresh operation. All three 
address registers have three -state out- 
puts (that is, their outputs can 
assume a high -impedance condition, 
not driving the bus either high or 
low), and only one register is active 

at any one time. 
The selected register drives its data 

onto a common bus called the present - 
address bus. The present address 
passes through the descramble -and- 
soak circuitry (which will be dis- 
cussed shortly) to the Optic RAM, 
where it is used to select a row or col- 
umn. The present- address bus also 
connects to the address circuit, where 
a value of 0, 1, or 2 (depending upon 
software -selected options) is added to 
the present- address value. The re- 
sulting sum is driven out of the adder 
onto the next- address bus, which con- 
nects to the inputs of each of the ad- 
dress registers. The value on the next - 
address bus is latched into the 
selected address register, and then 
that register is disabled. 

The array- selection circuit simply 
selects whether one or both of the 
IS32's cell arrays are to be used. If 
2ARRAY is high, the output of the 
OR gate (IC21, pin 11) is always high, 
and the row -register value (IC22) will 
never be less than 128, so only the 
second array (rows 128 to 255) will 
be addressed and transmitted. If 
2ARRAY is low, however, the OR 
gate will appear transparent and the 
value on the next -address -bus line D7 
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Figure 3: This section of the circuit latches the row- address, column -address, and refresh pointers for the Optic RAM addressing. Address 
registers IC22 and IC16 hold the row and column addresses, respectively, while the third register, IC10, is the refresh register. 
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will be driven onto IC22. This means 
all addresses from 0 to 255 will be 
selected and the values in both arrays 
will be transmitted. 

Address Descramble 
and Array Soak 

The internal circuitry in the Optic 
RAM scrambles the row and column - 
address values when accessing a cell. 
(After all, the IS32 chip was designed 
for use only as a memory device, not 
as an optical sensor.) But because ele- 
ment location is a critical issue in op- 
tical work, the address -descramble 
circuit (see figure 4, below) un- 
scrambles the values into a new ad- 

05 

dress, which the Optic RAM de- 
codes to access the desired pixel. 

Charged with the task of trans- 
forming the data from the address 
registers into a new address, which 
the Optic RAM decodes to access the 
desired pixel, the descrambling cir- 
cuit consists of two inverters, three 
exclusive -OR gates, and a multiplex- 
er (IC11). The inverters and exclu- 
sive-ORs do the actual descrambling 
on the row and column addresses; 
the multiplexer selects between the 
descrambled row and column ad- 
dresses at the appropriate times and 
transmits the address to the Optic 
RAM. 
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The multiplexer uses RAS to 
determine which address is selected. 
If RAS is low at the multiplexer's 
SELECT input (IC11, pin 1), the de- 
scrambled row addresses (on the B 

inputs) are selected. When RAS is 
low, the A inputs, or descrambled 
column -address inputs, are selected. 

The purpose of the SOAK circuit 
is to prevent the refresh addresses 
from reaching the Optic RAM during 
the exposure cycles. (Remember, the 
Optic RAM is light- sensitive only 
when it is not being refreshed.) Dur- 
ing periods when INT is inactive -low 
(with the refresh register therefore ac- 
tive) and SOAK is active -low, the 
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Figure 4: Consisting of two inverter sections, three exclusive -OR gates, and a multiplexer, the address- descrambling circuitry undoes the 
internal address scrambling done by the Optic RAM. The soak circuit makes the Optic RAM light -sensitive by depriving it of refresh cycles. 
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Figure 5: The circuitry for transmitting the pixel data to the host computer and for generating the interrupt states that allow data to be 
read from the pixels in the 1S32. 
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output of NOR gate IC15d is high. 
This sets the multiplexer's enable in- 
put high and drives the multiplexer's 
outputs low. The high NOR -gate 
(IC15d) output also forces a low state 
at the inverter output IC18d, which 
forces the outputs of the four AND 
gates IC23a, b, c, and d low. These 
AND gates stand between the pre- 
sent- address bus and the IS32's four 
low -order address inputs. Thus, the 
Optic RAM's address inputs remain 
low, and the refresh function is per- 
formed on only address O. When 
SOAK goes inactive -high, the 

multiplexer and AND -gate outputs 
are enabled and the refresh ad- 
dresses reach the Optic RAM so that 
the entire chip is refreshed, making 
it insensitive to light. 

Transmitter and 
Interrupt- Generator Circuit 

This circuit, shown in figure 5, 

transmits the pixel data serially to the 

ALT BIT 

RAS' 

INT 

INTL> 

IC7 
74C04 

host computer, inserting start and 
stop bits where appropriate, and 
generates the INT and INT signals 
for fetching the pixel information 
from the IS32. 

At the heart of this circuit is the rip- 
ple counter, IC4, enabled when the 

The output of the 
Micro D -Cam is a 

digital signal; it cannot 
be used to directly 

drive a composite -video 
monitor. 

Micro D -Cam has been commanded 
to transmit data. It inhibits the inter- 
rupt generator when start and stop 
bits are being transmitted (preventing 
accessing of the Optic RAM) and 
enables the interrupt circuit when it 
is transmitting data. The transmitter's 
frequency is determined by the data - 
rate clock. During each clock cycle 
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only one start, stop, or data bit is 
transmitted. 

The interrupt generator is enabled 
by both the ripple counter (IC4) and 
the data -rate clock, but the interrupt 
cycle itself is clocked by RAS. Be- 
cause the purpose of the interrupt 
cycle is to fetch a single pixel for 
transmission, only one pixel can be 
transmitted on each clock cycle. The 
rising edge of the data -rate clock 
enables the interrupt circuit. The next 
falling edge of the RAS waveform 
initiates the interrupt cycle, causing 
a pixel to be read from the Optic 
RAM. The INT signal feeds back 
into the interrupt circuit, resetting the 
interrupt enable. 

When RAS goes low again, the 
interrupt cycle is terminated. The 
next falling edge of the data -rate clock 
enables the interrupt circuit again 
(unless a start or stop bit is to be 
transmitted). Thus, only one pixel is 
transmitted during each data -rate- 

13 

9 6 2 

8 12 

15 /77 

DO Dl D2 D3 

04 05 06 07 

+5V Q U U U 
110 ,5 

Al VCC B1 

CO 

11 7 4 16 

B2 B3 B4 

C4 IC27 
74C83 

A2 
A3 A4 £1 Z2 £3 £4 

3 1 9 6 2 15 

ûûûû 
D4 D5 D6 D7 

+ 5V 

144 

PR 

D IC 6 
?4C74 

CLOCK 

CLR 

IC9 
74C08 

12 

13 

+5V 

D11 2 

IC15 
74CO2 

10 

9 8 

+5V 

PR 

D IC24 
74C74 

CLOCK 

C LR 

+55V 

E>EOF 

NEXT - ADDRESS CLOCK 

LINE 

LINE 

Figure 6: The adder circuit allows the Micro D -Cam to keep track of the proper values for the row, column, and refresh registers. 
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Photo 3: The control circuitry for the Micro D -Cam image camera is shown here in pro- 

totype form mounted in an input /output slot in an Apple II Plus computer. 

r ¡ N I 

Photo 4: The 1532 Optic RAM, a 64K -bit dynamic memory device specially packaged with 
a quartz lid for optical use in image- sensing applications, is made by Micron Technology 
Inc., 2805 East Columbia Rd., Boise, ID 83706, (208) 383 -4000. 

Number Type +5V GND Number Type +5V GND 

Cl 74C00 14 7 IC17 IS32 16 8 
C2 74C08 14 7 IC18 4069 14 7 

C3 74083 5 12 IC19 74C174 16 8 
C4 4017 16 8 IC20 4069 14 7 

C5 74C86 14 7 IC21 74032 14 7 

C6 74C74 14 7 IC22 740374 20 10 
C7 74004 14 7 IC23 74C08 14 7 

08 74C74 14 7 IC24 74C74 14 7 

C9 74008 14 7 IC25 74LS161 16 8 
010 74C374 20 10 IC26 4040 16 8 
C11 740157 16 8 IC27 74C83 5 12 

012 74C86 14 7 IC28 74000 14 7 

C13 740164 14 7 IC29 74C74 14 7 

C14 74LS74 14 7 IC30 MC6850 12 1 

C15 74002 14 7 IC31 74LS245 20 10 
016 74C374 20 10 

Table 2: Power wiring for integrated circuits in the Micro D -Cam. 

30 September 1983 © BYTE Publications Inc. 

clock cycle. 
The WIDEPIX circuit is used to 

help compensate for the mismatch in 
aspect ratios of the Optic RAM and 
most computer graphics screens. The 
Optic RAM has a ratio of 2.5:1, corn- 
pared with the 4:3 aspect ratio of 
most cathode -ray -tube (CRT) dis- 
plays, and the pixels are not square. 
If the image data is displayed on a 
screen with an aspect ratio that close 
to 1:1, the image will appear to have 
been squeezed horizontally. The 
WIDEPIX circuit helps compensate 
for this by causing each pixel to be 
transmitted twice, doubling the 
width of the image. The circuit is 
enabled when the Micro D -Cam is 
transmitting and the WIDEPIX com- 
mand line is high. This causes the 
flip -flop IC8a s output to toggle on 
every data -rate -clock cycle. This flip - 
flop inhibits the interrupt cycle on 
alternate data -rate clock cycles. Dur- 
ing data -rate -clock cycles in which 
the interrupt is inhibited, the pixel 
from the previous interrupt cycle is 
transmitted again. 

The LINE and LINE signals indi- 
cate that the column -address register 
has reached terminal count, meaning 
that the last column has been 
scanned. These signals, when active, 
inhibit the occurrence of further in- 
terrupts during the transmission of 
the current byte so that the value of 
the last accessed data bit is repeated 
to fill out the bits in the byte. This 
guarantees that the next byte trans- 
mitted will start off with information 
from the next row, i.e., that no single 
byte will contain picture information 
from two rows. When the stop bit is 
to be transmitted, assertion of the 
LINE signal at one input of exclusive - 
OR gate IC5b causes an interrupt re- 
quest, and assertion of LINE at the 
input of the NAND gate IC1b ensures 
that the interrupt flip -flop is enabled. 
This "dummy" interrupt is used to in- 
crement the row -address register. The 
pixel that is accessed during this cycle 
is blanked by the transmission of the 
stop bit. 

Adder and End -of -Frame Circuit 
The adder and end -of -frame sec- 

tion, shown in figure 6, adds the 



proper increments to the row, col- 
umn, and refresh registers and gen- 
erates signals indicating end -of -frame 
(EOF) in the Optic RAM. 

When any one of the address reg- 
isters drives a value onto the present - 
address bus, the adder circuit re- 
ceives this value, adds a 0, 1, or 2 to 
it (depending on the control inputs 
RAS, LINE, ALTBIT and INT), and 

places the sum onto the next -address 
bus. When the refresh register is ac- 
tive, the INT line causes a 1 to be 
added each cycle. During interrupt 
cycles, the row and column registers 
are active. The adder sequences these 
registers through the Optic RAM in 
a "column- fast" mode, i.e., the adder 
adds 0 to the row address and 1 to 
the column address until the end of 
the column (or end of the line) is 
reached. The adder then adds a 1 to 
both the row and column, thus in- 
crementing the row register and 
resetting the column register to O. 

The ALTBIT input simply adds an 
extra 1 to the value on the present - 
address bus during interrupt cycles; 
thus the row and column registers 
are incremented by a total of 2 rather 
than 1. 

Control and Use 
The software routines that control 

the Micro D -Cam are menu -driven. 
While the camera is running, several 
real -time commands are available to 
alter the operation of the camera from 
frame to frame. The real -time options 
are displayed on the screen. 

When the camera is first turned on, 
you start the image- gathering process 
by selecting one of the options from 
the menu offered by the software, 
which I'll discuss in detail next 
month. If everything is working 
properly, an image of what the Micro 
D -Cam is seeing is shown on the 
computer's video -display screen. If 
the display screen remains dark, the 
exposure interval may be insufficient; 
this situation may be remedied by in- 
creasing the exposure time. If the ex- 
posure time is excessive, the screen 
will be white. This situation may be 
remedied by decreasing the exposure 
time or changing the aperture on the 
lens. Eventually, a clear picture will 
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Figure 7: A diagram of the topology and pinout configuration of the IS32 Optic RAM (not 
to scale). Each of the two cell regions, visible through the quartz package lid, contains a 128 - 

by 256 -cell array. 

appear on the computer's screen as 
you reach the proper adjustments. 

Next Month: 
In part 2, we'll look at the software 

you'll need to read the Micro D -Cam's 
images, including a complete listing for 
the Apple II Plus, and I'll explain the 
computer interface and how the Micro D- 
Cam communicates with its user. 

Steve Ciarcia (POB 582, Glastonbury, CT 06033) 
is an electronics engineer and computer consultant 
with experience in process control, digital design, 
nuclear instrumentation, product development, and 
marketing. In addition to writing for BYTE, he has 
published several books. 

Special thanks to Carl Baker and Jim Herrud of 
Micron Technology for their contributions to this 
project. 

To receive a complete list of Ciarcia's Or- 
cult Cellar project kits, circle 100 on the reader 

service inquiry card at the back of the 
magazine. 

The following items are available from: 
The Micromint Inc. 
561 Willow Ave. 
Cedarhurst, NY 11596 

(800) 645 -3479 (for orders) 
(516) 374 -6793 (for information) 

1. Complete Micro D -Cam unit including 
interface card, extension cable, IS32 
Optic RAM, lens, remote housing, 
operators manual, and utility software. 
Specify Apple II (Plus or E), or IBM 
Personal Computer. 
Assembled and tested $295 

2. Same as Item 1 except in kit form. 
Specify Apple 11 or IBM Personal Com- 
puter version. 
Complete kit $260 

3. IS32 Optic RAM sold separately 
IS32 each $42 

4. RS- 232C- interfaced Micro D -Cam for 
general use. Call for price and delivery. 

Please add $4 shipping and insurance in 
continental United States, $20 overseas. 
New York residents please include 7 per- 
cent sales tax. 

September 1983 © BYTE Publications Inc. 31 



Innovative technology 
brings you quality color 
printing 

for only $599 

-I- he technology of the all -new Transtar 315 color printer 
revolutionizes color impact printing! Unlike old- fashioned 

printers needing multiple passes with pins to print color, the 
Transtar 315 employs an innovative 4- hammer print head to 
allow 7 colors and more than 30 shades to be printed in 
a single pass! 

A unique 4 -color diagonal ribbon maximizes the efficiency 
of the 315's color imaging and enhances its simple reliability. 
Built by Seikosha, the most experienced manufacturing 
company of the famous Seiko group, the Transtar 315 is 

available now and has been designed to be compatible with 
the IBM, Apple I I /Ile and Franklin personal computers. An 
optional PICS card also allows Apple and Franklin users to 
simply depress the 315's "copy" button to print any high - 
or low- resolution screen without exiting a program! 

Transtar is bringing the technology of tomorrow to you 
today. Your future in color printing is only $599 away. 

Transtar 
P.O. Box C- 96975, Bellevue, Washington 98009 

Circle 455 on inquiry card. 



Run 

Portable computers are definite- 
ly the wave of the future. Incorpor- 
ating new design concepts, innovative 

r hardware, and easy -to -use software, these 
diminutive machines are bound to change 
the way we think about computers. This 
mónth's theme articles will take you on a guided 
tourlofthe industry, the main features portables offer 

and httw to choose from among them, and the com- 

puters Nlernselves. 
Practicliy every major computer manufacturer has intro- 

duced, has pOns for, or is in the process of introducing a por- 
table computèr, Not a month goes by that BYTE doesn't get wind 
of a new portable computer system. According to the Venture 
Development Corporation's report, "The Portable Briefcase Computer 
and Terminal Industry, 1982 -1987: A Strategic Analysis," portable com- 
puter sales are expected to reach more than $4 billion by 1987. That figure is 

just for briefcase and transportable computers; it doesn't include hand -held 
computers" 

This plethora of portables gives buyers more computing power and convenience 
for their money than per before. But it also means that selecting a portable computer 
for personal or business use is more involved than ever. Each manufacturer has a different 
design philosophy for producing a portable. Sorting through the number of features and 
options available on the portables makes selecting the right one for your needs even more 
difficult than choosing a desktop computer. 

This issue will help to eliminate some of the confusion surrounding portable computers. In addi- 
tion to Mahlon Kelly's analysis of the Radio Shack Model 100, we'll take a look at the Pied Piper, a 

briefcase CP /M system; the powerful HP -75; and the Access Matrix portable, which some disparagingly 
refer to as the "Swiss army knife" of portables, while others swear by its conveniently built -in printer and 
acoustic modem. We also review the Kaypro II and its big brother, the Kaypro 10, with its built -in 10- megabyte 
hard disk; you'll see why these portables are giving the Osborne a run for its money. The Corona Portable PC, 
which comes under one reviewer's scrutiny, is described as an IBM- compatible portable that goes beyond being a 
?nere clone. 

In addition to system reviews, this issue offers in -depth views of the larger issues that affect the portable marketplace. 
A comprehensive article on CMOS technology explains how improvements in chip fabrication technology have brought down 
the price of CMOS RAMs. The problems of moving delicate equipment are addressed in "The Challenge of Hard Disk Port- 
ability." To top off the issue, you can read about how the designers of the new Gavilan portable computer decided on which features 
to include in their computer. 

To start you off, the article that follows offers a general overview of the portable field and covers some of the major features 
of portable computers, their pros and cons, and how to choose the portable that best suits your needs. The Portable Computer 
Comparison Table starting on page 36 lists the latest portables available and their specifications. 

-Stanley J. Wszola 
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How to Choose a Portable 

Photo 1: The Sharp PC -1500 is a typical pocket computer. 

Factors to consider before you take the plunge 

by Stanley J. Wszola 
lem with this abundance of portables 
is that buyers often don't know 
where to begin. To that end, we'll 
start with an explanation of what a 

portable computer is and then ex- 
plore its various components. While 
that won't tell you which portable to 
buy, it will provide some signposts to 
help you make an informed choice. 
(For a directory of portable com- 
puters, see table 1.) 

The sudden appearence of portable 
computers results from a con- 

Just a year and a half ago the 
Osborne 1 portable microcomputer 
had no competitors. Today at least 50 
portables fight for a share of the 
market, and new machines are an- 
nounced almost daily. 

There's definitely something going 
on out there, and it bodes well for the 
consumer. Manufacturers, trying to 
outdo the competition, are offering 
better, more powerful, and more at- 
tractive portable computers. It's the 
free market at its best. The only prob- 
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vergence of technologies. Many fea- 
tures found on portable computers 
have been used and refined on prod- 
ucts such as digital watches and 
pocket calculators. In addition, the 
products of the years of research and 
development that went into creating 
today's desktop microcomputer have 
finally come together in the portable 
computer. What we have is reliable 
hardware and proven software in a 

machine that can be shuttled easily 
from office to home or wherever. Por- 



table computer users include busi- 
ness people who like the flexibility of 
working at home or on the road, 
scientists and engineers who take 
their portables into the field for on- 
site computer applications, and peo- 
ple who simply like to take their com- 
puting power with them. 

What Is a Portable? 
A portable computer is, of course, 

a computer first and foremost. It 
must have a central processing unit, 
memory, a method for data entry, a 
device for or method of displaying 
data output, and usually a means of 
storing data. 

A portable computer must be easy 
to carry from place to place. Don't 
confuse "portable" with "transport- 
able." Any computer can be trans- 
portable if you have a big enough 
truck. For the purposes of this arti- 
cle, a portable computer is one that 
can be carried by one person -but 
not necessarily easily carried. Cur- 
rently, portable computers can be 
divided into three rough categories: 

Pocket computers: These can be 
characterized as pocket -size, battery- 
powered, lightweight computers 
with a 1 -line display, limited memory 
(0.5 to 10K bytes), and usually BASIC 
in ROM (read -only memory). Most 
use cassette tape for data storage. The 
keyboards on these computers are 
not suitable for touch -typing, and the 
1 -line display is adequate only for 
simple programming. Many of these 
computers can accept accessories 
(i.e., printers, serial- and parallel -port 
interfaces, and modems) to increase 
their usefulness. A good example of 
an adaptable pocket computer is the 
Sharp PC -1500 pictured at left. 

Briefcase computers: As the name 
implies, these computers are small 
enough to be placed in a briefcase. 
They usually have a 4- to 8 -line dis- 
play, a full -size keyboard, provision 
for increasing internal memory, serial 
and /or parallel ports, and AC or bat- 
tery power. Most briefcase computers 
feature BASIC in ROM, and some in- 
clude applications programs for word 
processing, telecommunications, and 
appointment scheduling. Data stor- 
age can involve micro- or full -size 
cassette tapes, auxiliary floppy -disk 

drives, or bubble and CMOS (com- 
plementary metal -oxide semiconduc- 
tor) memory cartridges. Most have 
full-size keyboards that are suitable 
for touch -typing. Their light weight 
(5 to 10 pounds) and small size let 
you use them almost anywhere. One 
example of a briefcase computer is 
the Radio Shack Model 100. 

Transportable computers: These 
are the heavyweights of the portable - 
computer field in terms of size, 
weight, and capabilities. I've used the 
term transportable because some so- 
called portable computers are noth- 
ing more than a boxed desktop 
computer with a handle on top. Most 
are the size of a small suitcase, weigh 
15 to 40 pounds, and usually have a 
CRT (cathode -ray tube) display with 
one or more floppy -disk drives. Most 

Any computer can be 
transportable if you 
have a big enough 

truck. 

use CP /M -80 or CP /M -86 and MS- 
DOS operating systems. These com- 
puters can do anything the desktop 
models can do, but their portability 
is limited by the necessity for AC 
power or a heavy battery pack. The 
Osborne Executive is a transportable 
computer. 

Power Sources 
The growing use of low -power 

CMOS RAM (random- access read/ 
write memory) chips and CMOS 
microprocessor chips, such as the 
80085 used in the Radio Shack 
Model 100, has decreased depen- 
dency on AC power sources. Battery- 
powered portables can be used 
almost anywhere. But batteries can 
be a curse as well as a blessing; they 
add overall weight to the package and 
always run out just when you need 
them most. 

Most portable computers can run 
from 2 to 10 hours before they need 
a recharge. Battery life depends on 
the power requirements of the corn - 
puter, the length of time it has been 
operating, and the rating of the bat- 
tery. Some portables have low- voltage 

indicators to alert you when the bat- 
teries run low. The transportable 
models are more power hungry than 
the smaller portables. The CRT and 
the disk drives in the transportables 
require a lot of energy. 

Some briefcase computers use 
CMOS memory chips and an aux- 
iliary nickel- cadmium battery to 
preserve data in memory if the main 
batteries fail. For example, the nickel - 
cadmium batteries in the Model 100 
can maintain data for 8 to 30 days, 
depending on how much memory 
the computer has. This gives you an 
extra margin of safety if you are 
unable to replace or recharge the 
main batteries right away. 

Many transportable computers 
have auxiliary battery packs as op- 
tions. Of course, you still face the 
problem of carrying the batteries as 
well as the computer. Finally, some 
manufacturers offer an optional auto 
adapter, which lets you plug your 
computer into your car's cigarette 
lighter. They recommend using the 
computer with the engine off to 
eliminate lost data due to voltage 
spikes and surges. That's just as well; 
you don't want to be downloading a 
program and downshifting at the 
same time. 

Video Displays 
The new portables use one of three 

types of displays: CRT, LCD (liquid - 
crystal display), or ELD (electro- 
luminescent displays). CRTs have 
been around for a long time and are 
a proven medium. LCDs, although 
limited in their ability to display 
graphics, are lightweight and don't 
consume too much power. The newer 
ELDs have the same display capabil- 
ities as CRTs with an extra advan- 
tage -their flat shape makes them 
ideal for use in portables. I'll explain 
each in detail. 

The most commonly used display 
for portable computers is the reliable, 
flexible, and easy -to -use CRT Most 
users are already familiar with it. Its 
primary disadvantages are a bulky 
shape and high power consumption. 
The CRT itself, a large, fragile glass 
tube, must be protected from harsh 
environments and airport baggage 
handlers. 

Text continued on page 44 
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Manufacturer /Location Type of 
Model Size (Inches) Weight Power Supply Price Microprocessor 

Access Matrix Corp. San Jose, CA 
Access 

16.5 by 10 
by 10.8 

33 lbs. AC $2495 Z80A 

Adcock Johnson Fort Worth, TX 
Model 3000 (TRS -80 Model Ill in a briefcase) 

191/2 by 141/2 

by 8V2 

28 lbs. AC $2895 Z80A 

Athena Computer and Electronics Systems 
San Juan Capistrano, CA 

3% by 11% 
by 141/2 

15 lbs. batteries or AC $3950 NSC -800 
(low -power Z80) 

Athena I 

Casio Inc. Fairfield, NJ 
Model FP -200 

121/2 by 21/4 

by 84/5 

4 lbs. batteries or AC $499 proprietary 

Casio Inc. Fairfield, NJ 
Model FX -700P 

61/2 by 2% 
by % 

4.2 oz. batteries or AC $99.95 proprietary 

Casio Inc. Fairfield, NJ 
Model FX-801P 

6% by 31/2 

by 3/4 

9.1 oz. batteries or AC $149.95 proprietary 

Columbia Data Products Inc. Columbia, MD 18 by 16 by 8 32 lbs. AC $2995 8088 
Columbia VP 

Commodore Business Machines Wayne, PA 141/2 by 141/2 27.6 lbs. AC $995 to 6510 (optional 
Executive 64 by 5 $1495 Z80 for CP /M) 

Compaq Computer Corp. Houston, TX 

Compaq Portable Computer 
20 by 151/3 

by 81/2 

28 lbs. AC $2995 8088 

Computer Devices Inc. Burlington, MA 
DOT 3000B 

18 by 143/4 

by 71/2 

31 lbs. 110 or 220V AC 
(optional battery 
pack) 

$4344 8088 

Compel Beverly Hills, CA 9 by 20 by 15 26 lbs. AC $1995 Z80A 
Electric Briefcase 

Computershop Cambridge, MA 
STAR -Lite 

16 by 16 
by 71/2 

34 lbs. AC $2695 Z80A 

Computer Systems St. Clair Shores, MI 

PC /8088 
19 by 16 

by 71/2 

25 lbs. AC (optional 
12V DC battery- 
power supply) 

$3388 8088 

Corona Data Westlake Village, CA 20 by 20 by 8 30 lbs. AC $2395 8088 
Corona Portable PC Models PPC -1 and PPC -2 

Digital Microsystems Oakland, CA 
DMS -3 /F Fox 

171/2 by 143/4 

by 73/4 

30 lbs. 110 or 220V AC $3995 Z80A 

Digital Microsystems Oakland, CA 
DMS-15 

171/2 by 143/4 

by 73/4 

36 lbs. 110 or 220V AC $7495 Z80A 

Table 1: The portable computer comparison table. 
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Operating 
System 

RAM Memory 
Min. /Max. 

CP /M -80 64K 

TRS -DOS 1.3 48K min., 
64K max. 

CP /M -80 68K 

n.a. 

n.a. 

Casio BASIC 

CP/M-86 
MS-DOS 

Commodore 
DOS 

Compaq -DOS 
(same as 
MS -DOS) 

MS -DOS 

CP /M -80 

CP /M -80 

MS -DOS 

MS-DOS or 
CP/M-86 

CP/M-2 2 

CP/M-2.2 

8K min., 
32K max. 

2K min. 
2K max. 

2K min. 
2K max. 

128K min., 
256K max. 

64K min. 
64K max. 

128K min., 
512K max. 

128K min., 
704K max. 

64K 

64K min., 
1 MB max. 

64K min., 
512K max. 

128K min., 
512K max. 

64K min., 
64K max. 

64K min., 
64K max. 

Mass Storage 
Type, Size 

2 51/4 -inch 
floppy -disk 
drives 

2 51/4 -inch 
floppy -disk 
drives 

1 megabyte 
RAM disk, 
optional 51/4 -inch 
floppy -disk 

cassette, n.a. 

cassette, n.a. 

n.a. 

2 51/4 -inch 
floppy -disk 
drives 

1 or 2 51/4 -inch 
floppy -disk 
drives 

1 or 2 51/4 -inch 
floppy -disk 
drives 

2 31/2 -inch 
floppy -disk 
drives 

2 51/4 -inch 
floppy -disk 
drives 

2 51/4 -inch 
floppy -disk 
drives 

2 51/4 -inch 
floppy -disk 
drives 

1 or 2 51/4 -inch 
floppy -disk 
drives . 

2 51/4 -inch 
floppy -disk 
drives 

2 51/4 -inch 
floppy -disk 
drives, 
1 15- megabyte 
hard -disk drive 

Display 
Type, Size 

7 -inch CRT, 
80 characters 
by 24 lines 

9 -inch CRT, 
64 characters 
by 16 lines 

LCD, 
80 characters 
by 4 lines 

LCD, 
20 characters 
by 8 lines 

LCD, 
20 characters 
by 1 line 

LCD, 
20 characters 
by 1 line 

9 -inch CRT, 
80 characters 
by 25 lines 

7 -inch CRT, 
40 characters 
by 25 lines 

9 -inch CRT, 
25 lines 
by 80 characters 

5- by 9 -inch 
CRT, 25 lines by 
80 characters 

9 -inch CRT. 
80 characters 
by 24 lines 

9 -inch CRT, 
80 characters 
by 24 lines 

7- or 9 -inch 
CRT, 
80 characters 
by 24 lines 

9 -inch CRT, 
80 characters 
by 25 lines 

Color or Software 
Graphics Included 

n.a. 

n.a. 

n.a. 

n. a. 

n.a. 

n.a. 

Perfect Series and 
Fancy Font 

n.a. 

JRT Pascal, 
Profit Plan, 
Mini -Vedit 

built -in electronic 
spreadsheet 

program library for 
math, science, 
finance, other uses 

program library for 
math, science, 
finance, other uses 

Comments 

graphics Perfect Series, IBM PC compatible 
Home Accountant 
Plus, Fast Graphs, 
and others 

16 colors 
and 
graphics 

graphics 

graphics 

n.a. 

n.a. 

n.a. 

n.a. 

n.a. 

n.a. 

Perfect Series 

color and n.a. 
graphics 

graphics GSX graphics 
interpreter, 
Multimate word 
processor and 
an assembler 

9 -inch CRT, n.a. 
80 characters 
by 25 lines 

9 -inch CRT, n.a. 
80 characters 
by 25 lines 

n.a. 

n.a. 

compatible with all 
software for the 
Commodore 64 

IBM PC compatible 

IBM PC compatible, 
optional built -in modem 
and printer 

S -100 system bus with 
4 expansion slots for 
peripherals 

IBM PC compatible 
with optional color CRT 

IBM PC compatible 

can link with HiNet 
local -area network, 
HiNet electronic mail 

can link with HiNet 
local -area network, 
HiNet electronic mail 
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Manufacturer /Location Type of 
Model Size (Inches) Weight Power Supply Price Microprocessor 

Dynalogic Info-Tech Ottawa, Ontario 
Hyperion 

181/3 by 111/2 

by 8% 
18 lbs. 120 or 240V AC $3395 8088 

Dynalogic Info-Tech Ottawa, Ontario 
Hyperion Plus 

181/3 by 111/3 

by 8% 
21 lbs. 120 or 240V AC $4995 8088 

Epson America Inc. Torrance, CA 
Epson HX -20 

111/3 by 81/2 

by 13/4 

3 lbs., 
13 oz. 

batteries or AC $795 Dual 6301 
CMOS 

Gavilan Computer Corp. Campbell, CA 
Gavilan Computer 

11% by 11% 
by 23/4 

9 lbs. batteries or AC $3995 8088 

GRID Systems Mountain View, CA 
Compass 

111/2 by 15 
by 2 

10 lbs., 
121/2 oz. 

110 or 220V AC $9210 8086, 
8087 

Hewlett- Packard Palo Alto, CA 
HP -75C 

11/4 by 5 
by 10 

26 oz. batteries or AC $995 CMOS HP 
Series 80 

Jonos Anaheim, CA 
Escort C1100 

171/4 by 131/4 

by 71/4 

25 lbs. 110 or 220V AC $3995 Z80A 

Jonos Anaheim, CA 
Escort C2100 

171/4 by 131/4 

by 71/4 

25 lbs. 110 or 220V AC $3995 Z8OB 

Management Techniques Inc. Boston, MA 
Escort Assistant 

71/2 by 171/4 

by 131/4 

25 lbs. AC $3995 Z80 

Management Techniques Inc. Boston, MA 
Escort Administrator 

71/2 by 171/4 

by 131/4 

25 lbs. AC $5995 Z80 

Micro Source New Lebanon, OH 17 by 20 by 7 32 lbs. 120 or 220V AC $3900 Z80A 
M6000P- Voyager 

Modular Computer Systems Inc. Ft. Lauderdale, FL 
Zorba 2000 

171/2 by 5 

by 9 
21 lbs. AC $1995 Z80 

Modular Computer Systems Inc. Ft. Lauderdale, FL 
Zorba 2000/4 

171/2 by 5 

by 9 

21 lbs. AC $2495 Z80A 
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Operating 
System 

MS -DOS 

MS -DOS 

n.a. 

MS-DOS 

INGRID 
(proprietary) 
or MS -DOS 

RAM Memory 
Min. /Max. 

256K min., 
256K max. 

256K min., 
256K max 

16K min., 
32K max. 

80K min., 
336K max. 

256K min., 
256K max. 

proprietary 16K min., 
24K max. 

CP/M 

CP/M 

CP/M 

CP/M 

CP/M 

CP/M 

CP/M 

64K min., 
128K max. 

128K min., 
128K max. 

64K min., 
64K max. 

64K min., 
64K max. 

64K min., 
512K max. 

64K min., 
320K max. 

64K min., 
320K max. 

Mass Storage 
Type, Size 

51/4 -inch 
floppy -disk 
drive 

2 51/4-inch 
floppy -disk 
drives 

microcassettes, 
35K /side 

3 -inch 
microfloppy- 
disk drive 

Display Color or Software 
Type, Size Graphics Included Comments 

7 -inch CRT, 
80 characters 
by 25 lines 

7 -inch CRT, 
80 characters 
by 25 lines 

LCD, 
20 characters 
by 4 lines 

LCD, 
66 characters 
by 8 lines 

348K nonvolatile 6 -inch ELD, 
bubble memory 80 characters 

by 24 lines 

magnetic card, 
n.a. 

2 51/4 -inch 
floppy -disk 
drives 

2 31/2 -inch 
floppy -disk 
drives 

2 31/2 -inch 
floppy -disk 
drives 

2 31/2-inch 
10 -Mb hard -disk 
drives 

2 51/4 -inch 
floppy -disk 
drives 

51/4 -inch 
floppy -disk 
drive, 
DS /QD 

2 51/4-inch 
floppy disk 
drives, 
DS /DD 

LCD, 
32 characters 
by 1 line 

graphics 

graphics 

graphics 

n.a. 

Microsoft BASIC 

Microsoft BASIC, 
Multiplan, In:scribe, 
In:touch 

Skiwriter word - 
processing pro- 
gram in ROM 

optional word - 
processing 

graphics GRID -PLAN, 
-PLOT, -FILE, 
-TERM, -WRITE 

9 -inch CRT, n.a. 
80 characters 
by 25 lines 

9 -inch CRT, n.a. 
80 characters 
by 25 lines 

9 -inch CRT n.a. 
80 characters 
by 24 lines 

9 -inch CRT n.a. 
80 characters 
by 24 lines 

9 -inch CRT, n.a. 
80 characters 
by 24 lines 

9 -inch CRT, 
80 characters 
by 24 lines 

9 -inch CRT, 
80 characters 
by 24 lines 

n.a. 

n.a. 

text editor, time of 
day, scheduler, 
optional HP -IL inter- 
face loop for 
printer, digital 
cassette drive, and 
CRT adapter 

BASIC -80, 
Multi -Plan, 
Spellbinder, 
Spellcheck 

(see above) 

BASIC -80 

(see above) 

BASICZ, Wordstar, 
Calcstar, 
Mailmerge, 
Spellstar, Superfile, 
Archivist, 
6 expansion slots 

word processor, 
spelling checker, 
spreadsheet, 
database man- 
ager mailing list, 
and CBASIC 

(see above) 

IBM PC compatible, 
can be upgraded to 
Hyperion Plus level 

IBM PC compatible 
with built -in direct 
connect modem 

built -in 24- column 
dot -matrix printer 

communications 
scheduling and 
electronic spreadsheet 
packages in capsules 

built -in modem, 
software update and 
more file storage in 

GRID Central main- 
frame computer 

optional dot -matrix 
printer attaches to 
back of computer 

(see above) 

Multiplan, Spellbinder, 
Spellguard 

(see above) 

6 expansion slots; 
can add 8086 
processor for IBM PC 
compatibility 

optional 8088 
coprocessor and 
and internal 
300- to 1200 -bps 
modem; can read 
other disk formats. 

optional 8088 
coprocessor and 
internal 300- to 
1200 -bps 
modem; can read, 
write, and format disks 
for 30 different 
microcomputers. 
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Manufacturer /Location 
Model 

Modular Computer Systems Inc. Ft. Lauderdale, FL 

Zorba 2000/8 

Size (Inches) 

17'/2 by 5 

by 9 

Weight 

21 lbs. 

Power Supply 

AC 

Price 

$2495 

Type of 
Microprocessor 

Z80A 

Modular Computer Systems Inc. Ft. Lauderdale, FL 

Zorba 2000/16 
171/2 by 5 
by 9 

21 lbs. AC $2995 Z80A, 
8088 

NEC Electronics Chicago, IL 
PC -8201 

11% by 81/2 

by 21/2 

3.8 lbs. batteries or AC $675 80085 

Non -Linear Systems Solana Beach, CA 19 by 16 by 8 26 lbs. 110 or 220V AC $1595 Z80A 
Kaypro II 

Non -Linear Systems Solana Beach, CA 19 by 16 by 8 26 lbs. 110 or 220V AC $1995 Z80A 
Kaypro 4 

Non -Linear Systems Solana Beach, CA 19 by 16 by 8 27 lbs. 110 or 220V AC $2795 Z80A 
Kaypro 10 

Olympia USA Inc. Somerville, NJ 
Portable Computer OL -H004 

1'/4 by 9 
by 33/4 

21 oz. batteries or AC $380 proprietary 

Olympia USA Inc. Somerville, NJ 
Portable Computer OL -0008 

11/2 by 9 
by 33A 

21 oz. batteries or AC $480 proprietary 

Osborne Computer Corp. Hayward, CA 
The Executive 

20'/2 by 13 
by 9 

28 lbs. AC $2495 Z80A 

Osborne Computer Corp. Hayward, CA 
Executive II 

201/2 by 13 
by 9 

28 lbs. AC $3195 8088 

Osborne Computer Corp. Hayward, CA 
Osborne 1 

201/2 by 141/2 

by 8'/2 
23 lbs., 
8 oz. 

AC $1795 Z80A 

Otrona Corp. Boulder, CO 
Attache 

12 by 131/2 

by 53/4 

18 lbs. 120 or 220V AC $3995 Z80A 

Panasonic Co. Secaucus, NJ 1 by 9 by 3 21.9 oz. batteries or AC $380 proprietary 
Hand -Held Computer RL -H1800 

Panasonic Co. Secaucus, NJ 
JR -800 

101/4 by 55/B 

by 13/e 

1 lb., 
10 oz. 

batteries or AC $499.95 80085 
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Operating 
System 

CP/M 

RAM Memory 
Min. /Max. 

64K min., 
320K max. 

CP /M, 64K min., 
CP /M -86, 512K max. 
MS -DOS 

proprietary 16K min., 
64K max. 

CP /M 64K min., 
64K max. 

CP /M 64K min., 
64K max. 

CP /M 64K min., 
64K max. 

proprietary 

proprietary 

CP /M, 
UCSD Pascal 

MS -DOS, 
CP /M -86, 
UCSD Pascal 

4K min., 
4K max. 

8K min., 
8K max. 

128K min., 
256K max. 
(with copro- 
cessor) 

256K min., 
384K max. 

CP /M 64K min., 
64K max. 

CP/M 

n.a. 

proprietary 

64K min., 
156K max. 

8K min., 
8K max. 

16K min., 
24K max. 

Mass Storage Display 
Type, Size Type, Size 

2 51/4 -inch 
floppy -disk 
drives, 
DS /QD 

9 -inch CRT, 
80 characters 
by 24 lines 

2 51/4 -inch 9 -inch CRT, 
floppy -disk 80 characters 
drive, by 24 lines 
DS /QD 

cassette. n.a. LCD, 
40 characters 
by 8 lines 

2 51/4 -inch 9 -inch CRT, 
floppy -disk 80 characters 
drives by 24 lines 

2 51/4 -inch 9 -inch CRT, 
floppy -disk 80 characters 
drives, by 24 lines 
DS /DD 

51/4 -inch 9 -inch CRT, 
floppy -disk 80 characters 
drive, 1 10 -Mb by 24 lines 
hard -disk drive 

Color or Software 
Graphics Included 

n.a. 

n.a. 

n.a. 

n.a. 

n.a. 

n.a. 

n.a. LCD, n.a. 
26 characters 
by 1 line 

n.a. LCD, n.a. 
26 characters 
by 1 line 

2 51/4 -inch 7 -inch CRT, n.a. 
floppy -disk 80 characters 
drives by 24 lines 

2 51/4 -inch 7 -inch CRT, n.a. 
floppy -disk 80 characters 
drives by 24 lines 

2 51/4 -inch 5 -inch CRT, n.a. 
floppy -disk 52 characters 
drives by 24 lines 

word processor, 
spelling checker, 
spreadsheet, 
database manager, 
mailing list and 
CBASIC 

(see above) 

built -in text 
processor and 
communication 
software 

MBASIC, SBASIC, 
Profitplan, Perfect - 
Writer, -Speller, 
-Calc, -Filer 

MBASIC, SBASIC, 
Profitplan, Perfect - 

Writer, -Speller, 
-Calc, -Filer 

MBASIC, SBASIC, 
Profitplan, Perfect - 
Writer, -Speller, 
-Calc, -Filer 

n.a. 

n.a. 

Wordstar, 
Mailmerge, 
Supercalc, Personal 
Pearl, CBASIC, 
MBASIC 

(see above) 

CBASIC, 
MBASIC, 
Wordstar, 
Mailmerge, 
Supercalc 

2 51/4 -inch 51/2-inch CRT, graphics BASIC -80, 
floppy -disk 80 characters Wordstar Plus, 
drives by 24 lines Charton, Valet 

cassette, n.a. LCD, n.a. n.a. 
26 characters 
by 1 line 

cassette, n.a. LCD, n.a. 
32 characters 
by 8 lines 

n.a. 

Comments 

optional 8088 
co- processor and 
internal 300- to 
1200 -bps modem; can 
read other disk 
formats. 

optional internal 
300- to 1200 -bps 
modem; can read 
other disk formats. 

optional 32K bubble 
memory cartridge 

IBM PC compatible 

optional double- density 
disk drives 

modular construction 
allows 1 -hour repair 
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Manufacturer /Location Type of 

Model Size (Inches) Weight Power Supply Price Microprocessor 

Peripheral Systems Marlton, NJ 
Eagle 

Quasar Franklin Park, IL 

Quasar Hand -Held Computer 

Radio Shack Fort Worth, TX 
PC 1 

Radio Shack Fort Worth, TX 
PC 2 - 

Radio Shack Fort Worth, TX 
TRS -80 Model 100 

Sarasota Automation Sarasota, FL 
Husky 

Seequa Computer Annapolis, MD 
Chameleon 

Sharp Electronics Corp. Paramus, NJ 
PC -1250 

Sharp Electronics Corp. Paramus, NJ 
PC -1500 

Sharp Electronics Corp. Paramus, NJ 
PC -5000 

SKS Computers Inc. Columbus, OH 
SKS 2502 Nano 

SKS Computers Inc. Columbus, OH 
SKS 252 Pico 

SMC Corp. Atlanta, GA 
Compucase by 13 

18 by 171/4 18 lbs. 110 or 220V AC $3495 Z80A 
by 8 

31/4 by 89 /K1 14 oz. batteries or AC $329 6502 
by 11/4 

6% by 23/4 6 oz. batteries or AC $149.95 proprietary 
by 11 

/Á6 

711/16 by 3% 1 lb. batteries or AC $199.95 proprietary 
by 11/16 

11 % by 81/2 4 lbs. batteries or AC $799 80085 
by 2 

91/2 by 8 4.5 lbs. batteries or AC $2995 Z80 
by 13/4 

18 by 151/2 28 lbs. 110 or 220V AC $1995 8088 
by 8 

55/16 by 23/4 4 oz. batteries or AC $110 proprietary 
by % 

73/4 by 1 2 lbs. batteries or AC $300 proprietary 
by 32/5 

1213/18 by 12 11 lbs. batteries or AC $2995 8088 
by 37/16 

15% by 181/6 30 lbs. AC $2495 Z80A 
by 61/2 

15% by 181/8 22 lbs. AC $2495 Z80A 
by 61/2 

51/2 by 18 25 lbs. AC $7995 Z80A 

SORD Computer Tokyo Japan 
M23P 

STM Electronics Corp. Menlo Park, CA 
Pied Piper I 

171/4 by 15/1s 16 lbs. 110 or 220V AC $2595 Z80A 
by 53/18 8 oz. 

201/5 11 lbs. 115 or 230V AC $1299 Z80A 
by 104/5 by 4 
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Operating 
System 

CP/M 

n.a. 

n.a. 

n.a. 

proprietary 

CP/M 

MS-DOS or 
CP/M-86 

n a. 

n.a. 

MS-DOS 

CP/M 

CP/M 

CP/M 

CP/M 3.0 

CP/M 

RAM Memory 
Min. /Max. 

64K min., 
156K max. 

2K min., 
8K max. 

1.9K min., 
1.9K max. 

2.6K min., 
16K max. 

8K min., 
32K max. 

16K min., 
144K max. 

128K min., 
700K max. 

2.2K min., 
2.2K max. 

16K min., 
20K max. 

128K min., 
256K max. 

80K min., 
80K max. 

80K min., 
80K max. 

64K min., 
64K max. 

128K min.. 
128K max. 

64K min., 
128K max. 

Mass Storage Display 
Type, Size Type, Size 

2 31/2 -inch 
floppy -disk 
drives 

cassette, n.a. 

cassette, n.a. 

cassette, n.a. 

cassette, n.a. 

n.a. 

2 51/4-inch 
floppy -disk 
drives 

cassette, n.a. 

cassette, n.a. 

128K bubble - 
memory 
cartridge 

2 51/4 -inch 
floppy -disk 
drives 

2 31/2 -inch 
floppy -disk 
drives 

51/4 -inch 
floppy -disk 
drive 

2 31/2 -inch 
flopppy -disk 
drives 

51/4 -inch 
floppy -disk 
drive 

Color or Software 
Graphics Included 

7 -inch CRT, graphics 
80 characters 
by 24 lines 

LCD, n.a. 
32 characters 
by 1 line 

LCD, n.a. 
24 characters 
by 1 line 

LCD, n.a. 
26 characters 
by 1 line 

LCD, n.a. 
40 characters 
by 8 lines 

LCD, 
32 characters 
by 4 lines 

9 -inch CRT. 
80 characters 
by 25 lines 

LCD, 
24 characters 
by 1 line 

LCD, 
26 characters 
by 1 line 

LCD, 
80 characters 
by 8 lines 

5- by 9 -inch 
CRT, 
80 characters 
by 24 lines 

5- by 9 -inch 
CRT, 
80 characters 
by 24 lines 

gas plasma, 
50 characters 
by 12 lines 

LCD, 
80 characters 
by 8 lines 

n.a. 

n.a. 

electronic 
spreadsheet, 
spelling checker, 
word processor, 
inventory control 

n.a. 

n.a. 

n.a. 

built -in text editor, 
scheduler, 
address handler, 
and communi- 
cations program 

n.a. 

graphics MBASIC, 
Perfect -Writer, 
-Calc 

n.a. n.a. 

n.a. n.a. 

Comments 

optional built -in modem 
and hard -disk drive 

built -in direct -connect 
modem 

IBM PC compatible 

graphics word processing, optional printer, 
electronic floppy -disk drive, 
spreadsheet, modem, and cassette 
database man- recorder 
ager and scheduler 

n.a. 

n.a. 

n.a. 

Perfect Series 

Perfect Series 

n.a. 

color and SORD BASIC, 
graphics PIPS 

graphics Perfect -Writer, 
-Speller, -Calc, 
-Filer 

optional 80186 
microprocessor 

optional 80186 
microprocessor 

optional port for bit - 
mapped graphics 
with color or mono- 
chrome monitor 

requires a monitor or 
television screen, 
optional LCD with 80 
characters by 2 lines 
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Manufacturer /Location Type of 
Model Size (Inches) Weight Power Supply Price Microprocessor 

16 by 9 by 2 41/2 lbs. batteries or AC NSC800A Sunrise Systems Inc. Carroltown, TX 
KP -C8 

Teleram Communications White Plains, NY 
Teleram 3000 

Televideo Systems Inc. Sunnyvale, CA 
Teletote I 

Texas Instruments Inc. Lubbock, TX 
CC -40 

Toshiba America Inc. Tustin, CA 
T100 

Universal Data Inc. Clarkston, MI 
UDI -500 

13 by 93/4 8 lbs., 
by 31/2 13 oz. 

approx. 
$2000 

Built -in recharge- $2995 
able 12 -V bat- 
tery (3 -10 hrs.) 

18 by 8 by 15 23 lbs. AC 

91/2 by 53/4 22 oz. batteries or AC 
by 1 

161/2 by 4 n.a. AC 
by 11 

11 by 13 12 lbs., batteries or AC 
by 31/4 13 ozs. 

Z8OL 

$1499 Z80A 

$249.95 TMS 9995 

$1995 Z80A 

$3995 LH5080 
(CMOS Z80), 
1805 

But the advantages of the CRT out- 
weigh the disadvantages. First, it is 
a luminescent display -it produces 
light. Therefore, it can be used under 
poor lighting conditions. Second, it 
is extremely flexible. Given a monitor 
with sufficient resolution, you can 
display any type of image upon it, in- 
cluding color, such as with the Com- 
modore Executive 64. Finally, there's 
enough software available to take ad- 
vantage of that flexibility. 

The second most popular form of 
display is the small, lightweight LCD, 
which usually requires little power 
and is relatively immune to damage. 
One disadvantage is that an LCD's 
response time is slower than that of 
a CRT display in terms of speed re- 
quired to write and erase a character 
on the display. Additionally, the LCD 
bit -mapped graphics are at best crude 
because the individual pixels (picture 
elements) aren't small enough to give 
sharp definition. And at tempera- 
tures below freezing, the LCDs may 
slow down even more or stop 
altogether. 
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The Sharp PC -5000 has the largest 
LCD currently available on a portable 
computer, 8 lines by 80 characters 
(see photo 2). Whether such a display 
is large enough for effective work is 
a matter of personal taste. Portable 
computers with a 1 -line display are 
minimally usable. The HP-75 has a 
1 -line by 32- character display. The 
Epson FIX-20 (see photo 3) has 4 lines 
by 20 characters. The Radio Shack 
Model 100 has an 8 -line by 40 -char- 
acter display. You can work with all 
of these displays, but they are only 
a fraction of the size of a standard 
CRT display of 80 characters by 24 
lines. You should carefully consider 
the display size in terms of your par- 
ticular application and choose the 
portable that best fits your needs. 
Word processing on a 4 -line display 
is awkward at best. 

Finally, the new ELD and gas - 
plasma display technologies provide 
still another choice. ELDs use a 
chemical coating and a wire grid 
placed between two glass plates. The 
chemical coating emits light when an 

AC voltage is applied to the wires. 
Alphanumeric characters can be 
formed by applying the voltage to the 
correct sequence of wires. The gas - 
plasma display is similar to the ELD 
except that a gas fills the space be- 
tween the two plates. The Grid Corn - 
pass computer has an ELD screen. 

ELDs combine the advantages of 
the CRT and the LCD. They can dis- 
play a full 80 characters by 24 lines, 
offer good bit -mapped graphics res- 
olution, and their flat shape makes 
them ideal for portable applications. 
The only disadvantage is that both 
their price and power consumption 
exceed the level of other displays. For 
now, field testing will have to deter- 
mine whether the electroluminescent 
and gas -plasma displays are econo- 
mical and reliable enough to replace 
the CRT display for portable 
computers. 

Data Storage 
Developments in data -storage tech- 

nology have enabled portable corn - 
puter users to take their data along 



Operating 
System 

proprietary 

CP/M 

CP /M 

proprietary 

CP /M 

CP /M, 
Micro DOS 

RAM Memory 
Min. /Max. 

Mass Storage Display 
Type, Size Type, Size 

80K min., microcassette, 
144K max. 512K 

64K min., 
64K max. 

64K min., 
160K max. 

6K min., 
16K max. 

32K min., 
64K max. 

64K min., 
256K max. 

256K nonvolatile 
bubble memory 

LCD, 
40 characters 
by 6 lines or 
80 characters 
by 3 lines 

LCD, 
80 characters 
by 4 lines 

51/4 -inch 9 -inch CRT, 
floppy -disk 80 characters 
drive by 24 lines 

n.a. LCD, 
31 characters 
by 1 line 

2 51/4 -inch LCD, 
floppy -disk 40 characters 
drives by 8 lines 

2 31/2 -inch LCD, 
floppy -disk 40 characters 
drives by 8 lines 

Color or Software 
Graphics Included 

color and 
graphics 

n.a. 

built -in word 
processing, 
calendar, 
communications, 
and auto -dialer 

Teletalk 
communications 
program 

graphics Wordstar, 
Visicalc 

n. a. 

graphics 
and color 

n.a. 

22 applications 
packages 

Word Right 
word -processing 
package 

Vedit 
text pro- 
cessor and 
communications 
package 

Comments 

optional flat -pack 
expansion box for 
8088 microprocessor 
and floppy -disk drives 

optional portable disk 
drive can read Apple, 
Osborne, and IBM for- 
mats; optional office 
station with CRT, disk 
drive, and 8 ports 

includes mouse port 

optional plotter, printer, 
and stringy -floppy 
drive 

optional CRT display 

built -in 300 -bps 
modem and card slot 
for use with RCA 
CMOS microboards 

with them. The newer half- height 
51/4 -inch and 31/2cinch floppy -disk 
drives have as much storage capaci- 
ty as the older 8 -inch drives. Hard 
disks are also becoming portable. For 
example, the Kaypro -10 has a built -in 
10- megabyte hard -disk drive. Some 
portables feature bubble- memory 
cartridges for convenient long -term 
data storage. 

Memory is the working medium of 
any computer, and portables are no 
exception. Yet portables, because they 
incorporate the latest technology, of- 
fer more memory options than stan- 
dard desktop computers. You can 
have a portable with CMOS RAM, 
bubble -memory cartridges, mini- or 
micro -floppy- disk drives, or hard 
disks. Each option has its own par- 
ticular advantages and disadvan- 
tages. 

CMOS memory is widely used in 
briefcase computers because of its 

Photo 2: The flip -up 80- character by 8 -line 
LCD screen on the Sharp PC -5000 is only 
one -third the size of a standard CRT screen. 
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Photo 3: Space limitations on the front panel forced the designers 
of the Epson HX -20 to use a 20- character by 4 -line display. 

low power consumption. The recent 
improvement in chip- manufacturing 
technology has lowered the price and 
increased the performance of these 
memory devices. CMOS chips are 
still slower in operation than cor- 
responding TTL (transistor- transistor 
logic) memory devices, but their 
speed is improving. In actual use the 
speed of a CMOS memory chip does 
not adversely affect the operation of 
a portable computer. 

Bubble -memory cartridges have 
been around for a while but haven't 
been widely used because of their 
high price. But, like CMOS memory, 
their price is dropping and their use 
is increasing, especially for the brief- 
case computers. Bubble -memory car- 
tridges offer several advantages over 
other storage media such as floppy 
disks. They operate like a floppy -disk 
drive but much faster; they have no 
moving parts and no disk -drive head 
to move from track to track. Data is 
stored in the cartridge as a pattern of 
magnetic bubbles, and when the car- 
tridge is removed or power fails, the 
stored data is retained. The cartridges 
do not require an auxiliary battery to 
retain data. They require very little 
power to operate and are much more 
rugged than conventional floppy 
disks. 

Floppy disks are still very much the 
medium of choice for people who 
work with portable computers. They 
are widely used, dependable, and 
have a broad base of available soft- 
ware. With the introduction of half- 
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Photo 4: The Kaypro I1 has the ability to read and write to a variety 
of disk formats. 

height and microfloppy -disk drives, 
floppy disks remain the primary 
data -storage medium. The disadvan- 
tages of floppy disks include occa- 
sional incompatible recording for- 
mats for 51/4 -inch disks and the con- 
fusing differences between the 
various standards for the micro - 
floppy -disk drives. 

Before buying a portable or trans- 
portable computer, find out if it can 
read and write to disks from other 
computers. The Kaypro II (see photo 
4), for example, can read and write 
to disks created with a Xerox 820 -II. 
And the Kaypro Users Group has 
software available that will enable the 
Kaypro II to read other disk formats. 

Rather than carry a lot of floppy 
disks, you can opt for a portable with 
a built -in hard -disk drive. Portables 
such as the Kaypro -10 (see photo 5) 

Photo 7: The Columbia VP is one of the best 

of the IBM -compatible computers. 

with its 10- megabyte hard disk and 
the Starlite HD20 (see photo 6) with 
its 20- megabyte hard disk can serve 
users with very large data -storage 
needs. Both have a staggering 
amount of storage for a portable com- 
puter system and can handle almost 
any application. 

Hard -disk -drive manufacturers 
carefully studied the typical environ- 
ment of a portable computer and 
have developed drives that have 
special shock mountings and head - 
positioning controls to withstand 
shock and vibration. For example, 
both the Kaypro -10 and the Starlite 
HD20 have utility programs to posi- 
tion the read /write head in a "safety 
zone" on the disk that is isolated 
from the data tracks; if a head crash 
occurs while the computer is in tran- 
sit, you will probably be able to 
recover your data. In addition, the 
read /write heads have been rede- 
signed to be lighter and less prone to 
shock. 

Hard -disk drives are an expensive 
option, but their price is dropping. 
However, they are heavier than 
floppy -disk drives and consume 
more power because the disk is con- 
stantly spinning while it's on. An- 
other potential problem is the possi- 
bility of data loss due to a head crash. 
This occurrence is more serious with 
a hard disk loaded with great quan- 
tities of data than for a set of floppy 
disks. 

For most of the transportable com- 
puters that use the Z80 micropro- 



Photo 5: With its 10- megabyte hard disk preloaded with the bundled Photo 6: The Starfite HD 20 offers a staggering 20 megabytes of 
software, the Kaypro -10 can store 50 disks' worth of information. storage in a portable computer. 

cessor, the de facto operating system 
is CP /M. Compatibility is reasonably 
assured regardless of the type of 
computer, magnetic media, or dis- 
play used. Practically every major 
software application package is avail- 
able in a CP /M format. By using a 

standard operating system, you have 
access to a tremendous number of 
programs, programming utilities, and 
languages. 

But the issue of compatibility 
becomes much more complicated 
when computer manufacturers try to 
make their computer emulate the 
functions of another machine, as is 
the case with the many IBM Personal 
Computer work -alikes. This con- 
tinues to be a confusing issue 
because three levels of compatibility 
have emerged. 

Incompatible disk formats or differ- 
ent -size media characterize the first 
level. For example, the DOT com- 
puter uses an 8088 microprocessor 
and runs MS -DOS, but it uses the 
Sony 31/2cinch floppy -disk drives, 
which are not compatible with the 
standard 51/4 -inch drives used on the 
IBM. As a result, you would have 
some work to do to transfer programs 
from the IBM to the DOT computer. 

The second level is data compati- 
bility. Most "IBM- compatible" com- 
puters fall into this category. With a 

data -compatible portable, you can 
transfer data created on an IBM disk 
to a portable computer. But you can- 
not transfer the program used to 
create those data files. For example, 

you can create a data file with an elec- 
tronic spreadsheet program on the 
IBM and use that data on a compati- 
ble portable as long as you have the 
same version of the spreadsheet pro- 
gram for the portable. 

The last level of compatibility in- 
cludes computers that are "almost a 
clone." These systems, such as the 
Columbia VP (see photo 7), offer the 
same graphics capabilities and key- 
board as the IBM and use the same 
software. They differ from the IBM 
PC only with respect to the informa- 
tion stored in ROM. The PC has a 
copyright notice in its ROM. Some 
programs such as Visicalc only work 
correctly after locating the copyright 
notice in ROM. Most software will 
work correctly, but in some cases you 
need to get a version of the program 
specifically tailored to your computer. 
Before choosing a portable, find the 
software you want, and then make 
sure it runs on the computer you like. 

Software 
Bundled software is a great value. 

It lets you get the computer up and 
running as soon as you take it home. 
Manufacturers usually offer word - 
processing, electronic spreadsheet, 
database -manager, and perhaps com- 
munications packages. Some por- 
table computers have as much as 
$2500 worth of software bundled 
with the hardware. Bundled software 
also enables you to try the various 
programs before you buy a complete 
system. 

But don't let the lure of bundled 
software sway your decision on 
which portable computer to buy. You 
may not like a particular software 
package that is included with the 
portable computer you choose. 
Selecting software is sometimes a 
very subjective decision. The soft- 
ware and hardware must combine to 
meet your needs. If they don't do 
what you need, you shouldn't buy 
them. 

Defining the Workplace 
When considering the purchase of 

a portable computer, ask yourself one 
more question, "Where do I need a 

computer most ?" Do you really need 
a heavy -duty CP /M system that can 
be transferred from the office to 
home? Or do you need a computer 
that can go on the road for data col- 
lection in the field? You may be the 
ultimate computer junkie who likes 
to work in pajamas in bed at 2 o'clock 
in the morning. Your ideal working 
environment is critical in your choice 
of a computer. 

Summary 
Choosing a portable computer isn't 

easy. The number of portables and 
the variety of available features make 
the choice a tough one. But with the 
right background and some in -depth 
research, you'll be able to find one 
that suits your needs. 

Stanley J. Wszola is a BYTE technical editor. 
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Rana's disk drive was 
twice as good as Apple's 

with one head. 



We added another head 
so you won't have to buy another disk. 

That's the beauty of a double sided head. A 
floppy disk which allows you to read and write on 
both sides. For more storage, for more information, 

for keeping larger records, 
and for improved perfor- 
mance of your system. 
That's what our new Elite 
Two and Elite Three offers. 
It's the first double headed 
Apple® compatible disk 
drive in the industry. And of 
course, the technology is 
from Rana. We're the com- 
pany who gave you 163K 

bytes of storage with our Elite One, a 14% increase 
over Apple's. And now with our high tech double 
sided heads, our Elite Two and Three offers you two 
to four times more storage than Apple's. That's 
really taking a byte out of the competition. 

We put our heads together 
to give you a superior disk drive. 

We designed the Elite Three to give you near 
hard disk capacity, with all the advantages of a 
minifloppy system. The double sided head oper- 
ates on 80 tracks per side, giving you a capacity of 
652K bytes. It would take 4Y2 Apples to give you 
that. And cost you three times our Elite Three's 
reasonable $849 pricetag. 

IM IN 

Rana's double sided heads give Apple 
II superior disk performance power 
than second generation personal com- 
puters such as IBM s. 

It takes 4'x Apples to equal the capacity 
of our superior Elite Three. 

I 

The Elite Two offers an impressive 326K bytes 
and 40 tracks on each side. This drive is making a 
real hit with users who need extra storage, but 
don't require top -of- the -line capacity. Costwise, it 
takes 2Y2 Apple drives to equal the performance of 
our Elite Two. And twice as many diskettes. Leave it 

to Rana to produce the most cost efficient disk 
drive in the world. 

We've always had the guts to be a leader. 
Our double sided head may be an industry 

first for Apple computers, but nobody was surprised. 

a, Apple is a registered trademark of Apple Computer, Inc. 

Circle 379 on inquiry card. 

They've come to expect it from us. Because Rana 
has always been a leader. We were the first 
with a write protect feature, increased capacity, 

2.,(% 
Your word processor stores 5 times as many pages of text on an Elite Three 
diskette as the cost ineffective Apple. 

and accurate head positioning. A first with attrac- 
tive styling, faster access time, and the conve- 
nience of storing a lot more pages on far fewer 
diskettes. We were first to bring high technology to 
a higher level of quality. 

So ask for an Elite One, Two, or Three. 
Because when it comes to disk drives, nobody 
uses their head like Rana. 

NOW AVAILABLE FOR THE APPLE III.. . 

THE ELITE TWO.THREE AND ELITE THREE.THREE 

RanaSystems i 
21300 Superior St., Chatsworth, CA 91311 (213) 709.5484. For dealer Information call toll 
free: 1.800421.2207. In California only call: 1600482.1221. Source Number. TCT654 

Available at all participating Computerland stores and other line computer dealers. 
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re 
The Micromint MPX -16 Microcomputer System. 

These are all 
to build the w 

single boar 
The Micromint MPX 
Once assembled, the most useful tool will be your own 
imagination. The possibilities are limitless. Micromint will 
help you tailor the MPX -16 system to your particular needs 
and budget. Purchase the MPX -16 as a bare pc board, as 
a semi -kit with all the IC sockets, I/O connectors and 
discreet components wave soldered to the pc board, 
or as an assembled and tested unit. 

Directly boots CP /M -86 or MS -DOS' 
Runs all CP /M -86 or MS-DOS* applications 
programs. 

On board features. 
IBM PC bus compatible with 9 expansion slots. 
Intel 8088 16-bit microprocessor. 
Optional Intel 8087 math coprocessor. 
256K bytes on board memory. 
Up to one megabyte of system memory. 
Up to 64K bytes of system ROM /EPROM. 
Two RS -232C serial I/O ports. 
Three parallel I/O ports. 
Floppy disk controller for 51/4" or 8" single or 
double density disk drives. 
Four independent DMA channels. 
Sixteen levels of vectored interrupts. 

*Available Soon. 

As featured on the cover of "BYTE" magazine, November 1982. 
Also featured in Ciarcia's Circuit Cellar, November, December 1982 & January 1983. 

he tools you'll need 
rld's most powerful 
microcomputer. 
6. Put one together tonight. 

To get the MPX -16 up and running only requires one disk 
drive, power supply and serial terminal. 

MPX -16 single board computer assembled, tested 
and burned in with 64K bytes of RAM, CP /M -86 

or MS -DOS operating system $1,895.00 
MPX -16 with 256K bytes of RAM $2,135.00 

MPX -16 Semi -Kit (wave soldered pc board) less IC's $595.00 
Complete kit of IC's burned in and tested with 64K 

bytes of RAM $595.00 
With 256K bytes of RAM $800.00 

MPX -16 Unpopulated (bare) pc board, silk screened 
and solder masked $300.00 

CP /M -86 Operating System on 51/4" or 8" diskette $200.00 
MPX -16 Switching Power Supply including 

power supply harness $300.00 
MPX -16 Technical Reference and User's Manual $50.00 

Call for current pricing on seria terminals, floppy disk 
drives, metal enclosures, hard disk systems, etc. 

To Order: Call Toll Free MICROMINT INC. 
1- 800 -645 -3479 561 Willow Avenue 
In N.Y. 1-516-374-6793 Cedarhurst, NY 11516 

Circle 290 on inquiry card. MPXI6 Micromint 
The System with the Winning Combination. 

IBM PCs a trademark of International Business Machines. Inc . CP M 86 is a trademark of Digital Research. Inc MS -DOS is a trademark of Microsoft Corp 



High -IQ Modems 
A new generation of intelligent modems lets users concentrate on 

applications rather than on modem -interfacing details 

With the incorporation of 
sophisticated microcomputers, high - 
density RAMs, and advanced com- 
munications ICs, the so- called dumb 
modem is being replaced by a new 
generation of intelligent modems. 
These modems not only offer fea- 
tures that enhance data- communica- 
tions applications, but also can deter- 
mine the parameters of the systems 
in which they're installed and adjust 
their operation to meet system re- 
quirements. Some models, for exam- 
ple, can learn such system specifica- 
tions as a host computer's bit speed 

by Stephen Durham 

and parity and set their own opera- 
tion accordingly. 

The high degree of "intelligence" 
contained in this new generation of 
modems allows telephone links be- 
tween computers to be operated vir- 
tually unattended. This capability 
makes possible a wide range of new 
telecommunications applications, in- 
cluding electronic mail, central -data- 
base access, remote diagnostics, and 
remote -peripheral sharing. 

The level of intelligence incorpo- 
rated into modems determines their 
ability to disappear into the back- 

ground of your computer system and 
to provide unattended communica- 
tions capability. 

By and large, while most of these 
new -generation high -IQ modems 
provide such features as automatic 
dialing, automatic answering, and 
automatic disconnecting, they do not 
take full advantage of the advanced 
microprocessor and memory tech- 
nologies with which they are built. 
Largely ignored are a wide range of 
what can be called "system con- 
figuration" problems, which result 
from differing transmission proto- 

Photo 1: A command -driven auto -dial, auto -answer modem (Cermetek's Info -Mate 212A). 
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Circle 21 on inquiry card. 

ALPHA 
OMEGA 

CO1911°LI TC 12 r11c OD1_IC T5 

DISKETTES 

SCOTCH 3M SS DD 24.00 
MAXELL MD2 DD DD 39.00 

PRINTERS 

CITOH 8510 PARALLEL CALL 
GEMINI 10 X 295.00 
OKIDATA MICROLINE 92 509.00 
EPSON FX -80 $CALL$ 
EPSON FX -100 699.00 

MODEMS 

HAYES SMARTMODEM 300 205.00 
HAYES SMARTMODEM 1200 495.00 
HAYES SMARTMODEM II 265.00 

MONITORS 

TAXAN 12" AMBER 122.00 
USI PI 3 12" AMBER 147.00 
AMDEK 300 G 133 
AMDEK COLOR I 13" 275.00 
AMDEK COLOR II 13" RGB 419.00 

IBM PERIPHERALS & SOFTWARE 

TANDON TM55 -2 THIN LINE... $CALL$ 
TANDON TM100 -2 245.00 
MICROSOFT MOUSE 145.00 
QUADRAM QUAD BOARD W/64K275.00 
KRAFT & T.G. JOYSTICKS 46.00 
DBASE II 395.00 
WORDSTAR 264.00 
HOME ACCOUNTANT + 98.00 
VOLKSWRITER 125.00 
LOTUS 1,2,3 $CALL$ 
MULTIPLAN 175.00 
FLIGHT SIMULATOR 34.00 

APPLE PERIPHERALS & SOFTWARE 

VIDEX VIDEOTERM 80 COLUMN . 219.00 
MICROSOFT PREMIUM PAK .... 469.00 
MICROSOFT 16K RAMCARD 69.00 
KRAFT & T.G. JOYSTICKS 44.00 
QUENTIN APPLEMATE DRIVES . . 235.00 
SUPER 5 THIN LINE DRIVES .... 265.00 
WIZARD BP016K BUFFERED INT . 139.00 
EPS KEYBOARD 299 
COOL & TIME (Fan. Time, Surge) .. 69.00 
PFS FILING SYSTEM 83.00 
PFS REPORT 83.00 
DBASE II 395.00 
WORDSTAR 264.00 

CALL FOR COMPLETE PRODUCT 
LINE AND CURRENT PRICING 

(213345-4422 
4847 LA MONTANA CIRCLE a TARZANA, CA 91356 

All products are in factory sealed packages. We 
guarantee all items for30days. Within this period, 
defective merchandise returns must be accom- 
panied by RMA number. All other returns will be 
subject to a 10% restocking fee. For prepaid 
orders there will be a 3% shipping charge. $5.00 
minimum. There will be an additional $4.00 sur 
charge on COD orders. Cash orCashiersCheck is 
required on COD orders. Calif . residents add 6.5% 
sales tax. Prices subject to change without notice. 
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cols, differing modem bit rates, lack 
of automatic dial -mode selection, 
conflicting parity states, and the lack 
of any means of testing the computer, 
the modems, or the transmission line 
to determine where potential failures 
could occur. 

The traditional solution to system - 
configuration problems has been no 
solution at all. Hence, the user has 
been left to take care of all those nas- 
ty little details by either tweaking the 
hardware or reconfiguring specific 
application programs. In neither case 
is the modem operating procedure 
transparent to the user. 

How well intelligent modems per- 
form system- configuration functions 
depends not so much on how 
sophisticated and advanced the built - 
in microprocessor is or on how ad- 
vanced the applications software 
used by the computer to operate the 
modem is but on the efficiency and 
cleverness of the modem's firmware 
design. In other words, the degree to 
which a modem performs such func- 
tions depends on how transparent its 
implementation can be made to the 
user by incorporating functions into 
the internal operation of the modem 
itself. 

While the price difference between 
a dumb modem and an intelligent 
modem is still substantial, it is much 
less so between a moderately intel- 
ligent modem and one with a maxi- 
mum of transparency. That's because 
the ability of an intelligent modem to 
perform is not a function of how 
much expensive and sophisticated 
electronics hardware it uses but of 
how much thought has gone into its 
overall design and into the internal 
firmware instructions that tell the 
microprocessor what to do. To deter- 
mine a modem's IQ and therefore 
how easily it can be integrated into 
a data -communications system, you 
can examine its ability to handle auto - 
dial, auto -answer, and auto- discon- 
nect operation as well as automatic 
system- configuration tasks. 

Auto -Dial Operation 
First, consider modem auto -dial 

operation, which is much more corn - 
plex than simple automatic genera- 
tion of dial tones or rotary -dial 

pulses. The modern must resolve all 
of the call -failure conditions that 
commonly exist when dialing to 
allow its host to make efficient use of 
the communications facility. Corn - 
mon call -failure features include line 
busy, no modem -answer tone, voice 
answer, no answer (constant ringing), 
no dial tone, and inability to break 
dial tone. 

These functions are roughly 
equivalent to the functions of an 
operator making a call, including lift- 
ing the telephone handset, waiting 
for the correct dial tone or tones, 
dialing each digit of the telephone 
number in proper sequence, waiting 
while the phone rings until the dialed 
number answers, hanging up and 
possibly redialing later if the number 
is busy or if the call has not been 
answered after a reasonable length of 
time, and hanging up the handset at 
the end of the completed call. 

When properly implemented, the 
auto -dial feature dramatically in- 
creases line utilization. 

Auto Answer Operation 
When integrated into a modem, an 

auto -answer feature enables the 
modem to be placed in the answer 
mode automatically upon receipt of 
a telephone -line- ringing signal. A 
modem with this feature makes it 
possible for data transmission to oc- 
cur between a remote terminal and a 

computer or another terminal inter- 
faced to a modem with auto -answer 
capability without operator interven- 
tion at the receiving end. A modem 
with auto -answer capability is also 
useful in timesharing installations 
where a large calling population calls 
a number of computer dial -in lines 
on a random basis. 

Auto -Disconnect Operation 
An auto -disconnect feature permits 

a modem to either disconnect if a car- 
rier signal is not maintained after a 

data call has been set up or upon 
command from the host computer. 
This feature is useful in preventing 
the tie -up of expensive computer 
facilities due to such things as 
wrong- number calls, failure of the 
distant party to disconnect from a 
timesharing system, or line failures. 



THE FORTH SOURCETM 
MVP -FORTH 

Stable - Transportable - Public Domain - Tools 
You need two primary features in a software development package a 
stable operating system and the ability to move programs easily and 
quickly to a variety of computers. MVP -FORTH gives you both these 
features and many extras. This public domain product includes an editor, 
FORTH assembler, tools, utilities and the vocabulary for the best selling 
book "Starting FORTH'. The Programmer's Kit provides a complete 
FORTH for a number of computers. Other MVP -FORTH products will 
simplify the development of your applications. 

MVP Books - A Series 
Volume 1, All about FORTH by Haydon. MVP -FORTH 
glossary with cross references to fig- FORTH, Starting FORTH 
and FORTH -79 Standard. 2 "d Ed. $25 

H Volume 2, MVP -FORTH Assembly Source Code. Includes 
CP /M5 . IBM -PC"- and APPLE"' listing for kernel $20 

MVP -FORTH Software - A Transportable FORTH 
MVP -FORTH Programmer's Kit including disk, documen- 
tation. Volumes 1 & 2 of MVP -FORTH Series (All About 
FORTH, 2 "d Ed & Assembly Source Code). and Starting 
FORTH. Specify .. CP /M, . CP /M 86, I CP /M +. L: APPLE. 

4 L; IBM PC. L 1 MS -DOS. ì Osborne, [ ; Kaypro.:_: H89/Z89, 
44' ' ' Z100. H TI -PC, H MicroDecisions. i ì Northstar, 

Compupro. L . Cromemco $150 

MVP -FORTH Cross Compiler for CP /M Programmer's Kit. 
Can also generate headerless code for ROM or target 
CPU $300 

U MVP -FORTH Meta Compiler for CP /M Programmer's kit. Use 
for applicatons on CP /M based computer. Includes public 
domain source $150 

MVP -FORTH Fast Floating Point for APPLE Programmer's 
Kit. Includes 9511 math chip on board with disk and 
documentation $400 

G MVP -FORTH Programming Aids for CP /M, IBM or APPLE 
Programmer's Kit. Extremely useful tool for decompiling, 
callfinding, and translating. $150 

MVP -FORTH by ECS Software for IBM -PC or ATARI"-' 
400/800. Standalone with screen editor. License required. 
Upgradeable $100 

I ' MVP -FORTH by ECS Software for IBM -PC or ATARI 400/800. 
Enhanced with color animation, multitasking sound, utilities, 
and unlimited run time license. $175 

. MVP -FORTH Professional Application Development System 
(PADS) for CP /M, IBM -PC, or APPLE. A three level integrated 
system with complete documentation. Complete system $400 

MVP -FORTH PADS 

H MVP -FORTH PADS 

L7 MVP -FORTH PADS 

Enhanced virtual system 

Programming Aids 

Meta Compiler 

$150 

$150 

$150 

* * * MVP -FORTH operates under a variety of CPU's. computers. and 
operating systems CP /M" disks can be supplied 8 ", SS/SD. 3740 
format or 5'/4 for Osborne' Northstar' Micro Decisions' Kaypro' or 
H89/Z89" Specify your computer and operating system * * * 

FORTH DISKS 
FORTH with editor, assembler, and manual 

APPLE by MM $100 H IBM -PC' by LM $100 
APPLE by Kuntze $90 H NOVA by CCI 8" DS /DD$150 
ATARI' vaIFORTH $60 Z80 by LM $50 
CP /M' by MM $100 8086188 by LM $100 
HP -85 by Lange $90 VIC FORTH byHES. VIC20 
HP -75 by Cassadya¢r, $150 cartridge $60 

Enhanced FORTH with. F- Floating Point. G- Graphics. T 'Tutorial. 
S -Stand Alone, M -Math Chip Support. MT- Multi- Tasking, X -Other 
Extras. 79- FORTH -79 

APPLE by MM. 
F. G. & 79 $140 
ATARI by PNS. F.G. & X. $90 

CP /M byMM.F &79 $140 
Apple, GraFORTH by I $75 

Multi- Tasking FORTH by SL. 
CP /M. X & 79 $395 
TRS -8011 or III by MMS 
F. X. & 79 $130 
Timex by FD, tape G.X, & NEW 
79 $45 
TUTORIAL by LH. includes 
Starting FORTH $95 

Extensions for LM Specify 
IBM, Z80. or 8086 

Software Floating 
Point $100 
8087 Support 

(IBM -PC or 8086) $100 
9511 Support 

(Z80 or 8086) $100 
Color Graphics 

(IBM -PC) $100 
Data Base 

Management $200 
Requires LM FORTH disk. 

Victor 9000 by DE, G.X NEW 
$150 

fig -FORTH Programming Aids for decompiling. callfinding, 
and translating GP /M. IBM -PC, Z80. or Apple $150 

CROSS COMPILERS Allow extending, modifying and compiling for 
speed ana memory savings. can also produce ROMabte code. 
Requires FORTH disk. 

I CP /M $300 f ( IBM $300 
8086 $300 i Z80 $300 
Northstar $300 H Apple II/11+ $300 

FORTH Computer - Jupiter Ace 
. 16K RAM Pack 

48K RAM Pack aka 
Par /Sec Interface 

Key to vendors: 
CCI Capstone Computing Inc 
DE Dai -E Systems 
FD Forth Dimension 
I Insolt 
LH Laxen and Harris 

$150 
$50 

$125 
$100 

LM Laboratory Microsystems 
MM MicroMotion 
MMS Miller Microcomputer Services 
NS Nautilus Systems 
PNS Pink Noise Studio 
SL Shaw Labs 

FORTH MANUALS, GUIDES & DOCUMENTS 

ALL ABOUT FORTH by 
Haydon See above $25 
FORTH Encyclopedia by 
Derick & Baker. 2 "c Ed 
Programmer's manual to fig - 
FORTH with FORTH -79 
references Flow chartedr$25 

FORTH Encyclopedia aQ 
Pocket Guide $7 

And So FORTH by Huang A 
college level text $25 

FORTH Programming by 
Scanlon $17 

FORTH on the ATARI by E 

Floegel $8 

Starting FORTH by Brodie 
Best instructional manual 
available (soft cover) $18 
Starting FORTH (hard 
cover) $22 

1980 FORML Proc. $25 

1981 FORML Proc 2 Vol $40 

1982 FORML Proc. $25 

1981 Rochester FORTH 
Proc. $25 

1982 Rochester FORTH 
Proc. $25 
A FORTH Primer $25 

Threaded Interpretive 
Languages $23 
AIM FORTH User Man $12 

APPLE User's Manual 
MM $20 
METAFORTH by 
Cassady $30 
Systems Guide to fig - 
FORTH $25 
Caltech FORTH Manual $12 

Invitation to FORTH $20 

POP -11 User Man. $20 

CPIM User's Manual, 
$20 

FORTH -79 Standard $15 

FORTH -79 Standard 
Conversion $10 

Tiny Pascal fig -FORTH $10 

NOVA fig -FORTH by CCI 
Source Listing $15 

NOVA by CCI User's Manual 4 
includes editor. assembler. <4. 
and utilities $25 

Installation Manual for fig -FORTH $15 

Source Listings of fig- FORTH, for specific CPU s and computers. The 
Installation Manual is required for implementation. Each $15 

1802 

8080 
PACE 

I 1 68000 

116502 ;:6800 
18086/88 r..: 9900 

1 1 6809 : i NOVA 

I Eclipse I 1 VAX 

AlphaMicro 
APPLE II 

. PDP- 11/LSI -11 
Z80 

Ordering Information: Check. Money Order (payable to MOUNTAIN VIEW PRESS. 
INC 1. VISA. MasterCard COD's $5 extra No billing or unpaid PO's. California 
residents add sales lax Shipping costs in US included in price Foreign orders, pay 
in US funds on US bank. include for handling and shipping by Air $5 for each item 
under $25. $10 for each item between $25 and $99 and $20 tor each item over 
$100 Minimum order $15 All prices and products subject to change or withdrawal 
without notice Single system and/or single user license agreement r eQU"ed on 
some products 
DEALER 8 AUTHOR INQUIRIES INVITED 

MOUNTAIN VIEW PRESS, INC. 
PO BOX 4656 MOUNTAIN VIEW, CA 94040 (415) 961 -4103 
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 300/1200 -bps operation 
FCC Part 68 registered telephone -line 
interface (DAA) 
Serial modem command interpreter 
Intelligent command protocol 
Auto /manual dialing 
Five dialing procedures: 
DIAL LAST, IMMEDIATE, ALTERNATE, 
FROM MEMORY, or UNTIL 
ANSWERED 
Fifty -two 32 -digit telephone numbers or 
log -on message memory locations 
32 -digit last- number -dialed storage 
DTMF (dual -tone multifrequency) and 
pulse -dialing: adaptive or interpretive 
selection of DTMF or PULSE -DIALING 
Auto /manual answer 
Auto speed select 
Auto parity select 
Call-progress-tone detection: 
DIAL, BUSY, RING -BACK, MODEM - 
ANSWER TONE, and THE HUMAN 
VOICE 
Eight diagnostic test modes 

Table 1: Info -Mate 212A features. 

Automatic System Configuration 
What good is a highly intelligent 

modem if its installation into the host 
terminal or computer system is un- 
manageable or difficult? While it's not 
absolutely essential in an intelligent 
modem, automatic system configura- 
tion does make such devices much 
easier to use. And incorporating this 
capability into the modem does not 
add significantly to its cost. 

It is not uncommon to encounter 
computer- or modem -option incom- 
patibilities during installation. Such 
parameters as serial speed, data bits 
per word, parity, and stop bits per 
word can initially have settings that 
prohibit data transmission through 
the modem. An installer can, of 
course, get out the users manuals of 
all the equipment involved and, 
through a detailed process of posi- 
tioning option straps on each ma- 
chine, effect a compatible installation. 
Many times, however, determining 
the specific parameters that are not 
aligned can be complex, especially 
for someone who is not an expert in 
communications technology. 

System -configuration features en- 

54 September 1983 © BYTE Publications Inc. 

(ADAPTIVE) 
DIALING 

DIAL 
TONE 

F 

YES 

5-SECOND 
TIME OUT 

P 

YES 

BETUR 
NO DIALTONE 
STATUS 
MESSAGE TO 

OST COM- 
PUTER 

TONE 
DIAL 

DIGIT 

IAL 
TONE 
STILL 

PRESENT 
P 

TONE 
DIAL 
REMAINING 
DIGITS 

YES 

( STOP ) 
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DIAL 
ALL 
DIGITS 
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Figure 1: The adaptive -dialing procedure, in which tone -dialing is preferred. If the local 
telephone equipment does not accept tone -dialing, the intelligent modem uses pulse -dialing. 

able a modem to be installed and 
used by a nonspecialist in communi- 
cations, assuring that the modem 
user can concentrate on data -corn- 
munication application problems in- 
stead of modem compatibility. 

A Typical High -IQ Modem 
Typical of the more advanced 

"high -IQ" modems now becoming 
available is Cermetek's Info -Mate 
212A, shown in photo 1. This 
modem's architecture bears a strong 
superficial resemblance to others 
now on the market. 

Where it does differ, however, is in 
the nature of the instructions incor- 
porated into its firmware. As shown 
in table 1, this 212 -type intelligent 
modem incorporates not only the 
standard automatic dial, answer, and 
disconnect features but a wide range 
of system- configuration enhance- 
ments as well. All of these features 
may not be necessary for any one ap- 
plication, but the degree to which 
they are implemented in a modem is 
a good indicator of how much 
thought and design went into the 
modem. 

The Info -Mate modem automatical- 
ly selects tone- or pulse -dialing, as 
shown in figure 1. Tone -dialing is 
preferred, but if it is not accepted by 
the local telephone equipment, the 
modem falls back to pulse- dialing. 
After dialing is completed, the 
modem monitors the following call - 
progress conditions and reports them 
back to the host data terminal or com- 
puter over the serial RS -232C link: 
dial tone, busy tone, ring -back tone, 
modem -answer tone, and voice. Each 
call -progress signal detected is in- 
dicated to the host through a serial 
status message. 

The host can direct control over the 
selection of pulse- or tone -dialing 
through the DIAL command. 
Call- progress monitoring can also be 
deleted under host -command con- 
trol, which enables the modem to 
auto -dial on telephone systems that 
use nonstandard call -progress tones. 
This method of dialing is generally 
referred to as "blind" dialing, but a 
more accurate term would be "deaf" 
dialing. In either the automatic or 
blind -dialing modes, the modem 
supports the following dialing pro- 
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If you're hungry for value 
and efficiency, order an SBC -II 
from Teletek. You'll love every 
byte. 

TELETEK 
4600 Pell Drive 
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Command 

<corn> Answer <CR> 

<com> Break n <CR< 
<corn> Count n <CR> 

<corn> Dial s <CR> 

<corn> End <CR> 
<corn> List <CR> 
<corn> Message n <CR> 

<corn> New n<CR> 

<corn> Originate<CR> 

<corn> Program n <CR> 

<corn> Query<CR> 

<corn> Reset <CR> 
<corn> Store n 's' <CR> 

<corn> Test n <CR> 
<corn> Unlisten n <CR> 

<corn> Zzzz<CR> 

Command Summary 
Description 

Force off hook and answer call 

Send break, n x 250 ms 

Ring and ring -back counter: 0- ignore ring signal, 
1.9- answer after n rings; give up dialing after n +4 
ring -back signals 

Dial last, immediate, from memory, next number, or 
until answered 

Hang up immediately 

List stored telephone number or log -on messages 

Send stored log -on message or messages to the 
remote modem 

Set new value of command character <corn> to n 

Force off hook and enter originate data mode 

Set internal modern options 

Return modem status 

Reset modem options to defaults 

Store telephone number or log -on message at loca- 
tion n (32 characters maximum) 

Start/stop modern tests 

Set modem to LISTEN or UNLISTEN to commands 
during data transmission 

Make modem quiet 

Table 2: Info -Mate 212A command notation. 

Command Notation Description 

Command character; defaults to control N at power - 
up but can be set to another character with the NEW 
command 

<LF> Linefeed 

<CR> Carriage return 

( ] Optional parameter 

I ]^ Optional parameters that may occur 0 to n times 

n...m Specifies the inclusive set n through m 

<SP> Space 

<letter> A...Z or a...z 

<command> Command, including argument if needed 

<n> Number 

<quote> Single quote or apostrophe 

<number> Dialed- number string 

< com > 

Table 3: A description of the Info -Mate 212A's commands. 

cedures: dial last number, dial im- 
mediate, dial from memory, dial 
alternate number(s), and dial until 
answered. 

All modem functions are controlled 
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by ASCII (American National Stan- 
dard Code for Information Inter- 
change) encoded commands issued 
from the host terminal or computer 
over the serial RS -232C interface. 

The Info -Mate automatically adapts 
to the host's speed (110, 300, or 1200 
bps) and parity (odd, even, mark, 
and space) using a simple training se- 
quence. To train the modem, you 
must send the sequence "XY. The 
modem uses the trained speed to 
originate calls at either 110, 300, or 
1200 bps. On answering calls, the 
modem automatically adapts to the 
transmitting modem's speed but 
sends a serial change -speed status 
code to the host at the old speed 
before switching. 

Command Structure Is the Key 
Key to an intelligent modem's abili- 

ty to protect the user from the dirty 
details of its operation is its command 
structure, or its ability to interpret 
commands from the host. In this 
context, the Info -Mate supports 16 

different host commands (see table 
2), each of which is preceded by a 

single command character < corn > . 

Each command line is terminated by 
a carriage return < CR > . Multiple 
commands can be placed on one line 
and separated by commas. Table 3 
describes the commands available. 

Each command consists of the 
command character followed by the 
command word, a delimiter, all argu- 
ments, and then the closing carriage 
return or comma. The maximum 
length of any command line, how- 
ever, is 40 characters. Two examples 
of commands include the following: 

< corn > DIAL '(408) 996 -1010' 
<CR> 

< corn > DIAL '(408) 996 -1010, 
QUERY < CR > 

In both cases, the notation < corn > 
is equivalent to the single command 
character. The delimiter separating 
the command from the arguments is 
always a space. Only the first char- 
acter of the command is significant. 
All remaining characters are ignored 
up to the first space following the 
command. In other words, DIAL and 
DANCE are treated identically by the 
command interpreter. Both upper- 
case and lowercase characters are ac- 
cepted. You can transmit the com- 
mand character itself by sending it 
twice in a row- <corn> <com > -if 

Circle 23 on Inquiry card.110 
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the modem is in the middle of a data 
call. Two other methods of transmit- 
ting the command character exist: 
changing it to another character and 
then transmitting the former corn- 
mand character, or placing the 
modem in the UNLISTEN mode to 
be discussed and then transmitting 
the character. 

If an argument is not given in the 
command, the modem assumes the 
default value as the argument. The 
arguments are all ASCII numbers 
and /or characters. The numbers 
themselves are ASCII -encoded hexa- 
decimal (0 to 9 and A to F) characters. 
All commands are absorbed by the 
modem, which means it doesn't send 
them on through the telephone line. 

Once a command is received by the 
modem, it returns a status message 
to the host. These status messages 
are framed as follows: 

< corn > < status character > 
<LF> <CR> 

A command character precedes each 
message to let the host know that the 
message regards status and not data 
from a remote modem. All status 
messages are made up of a single 
status character, except for those re- 
sulting from the commands LIST, 
QUERY, and DIAL. These three com- 
mands are necessarily longer to 
return command information. Table 
4 summarizes the Info -Matés reper- 
toire of status messages. 

Dialing Command Variations 
There are five basic variations of 

the dialing command: dial last, dial 
immediate, dial- immediate alternate, 
dial from memory, and dial -from- 
memory alternate. All dialing com- 
mands can initiate either DTMF or 
rotary-pulse dialing. 

Each dialing variation refers to a 
number string as a source for the 
number to be dialed. For immediate - 
type dialing commands, the number 
string is supplied with the command, 
whereas the dial -last- and dial -from- 
memory-type commands refer to 
number strings previously entered 
into the modem. 

Along with the telephone digits, 
the number string can contain con- 



trol characters that direct the Info - 
Mate to dial adaptively or inter- 
pretively using tone- or pulse- dialing. 
Pause or wait characters can also be 
inserted that enable tandem dialing 
through PBXs or carrier facilities such 
as MCI or SPRINT. Table 5 shows the 
characters allowed in the number 
string. Table 6 shows some typical 
number strings. 

After a dialing command is given 
to the Info -Mate, it interprets the ap- 
propriate number string to determine 
how the dialing process should pro- 
ceed. As the number is dialed, the 
dialed number string is returned to 
the host in the form of a status 
message: 

<com> <NUMBER> 
<LF> <CR> 

This message enables the host to fol- 
low the progress of the number 
dialed. 

During the dialing process, if the 
modem is directed to pause and wait 
for the dial tone, and if the tone is not 
found after 5 seconds, the modem 
aborts the call, returning a number 
string that terminates with the failed - 
pause- for -dial -tone character. In ad- 
dition to this character, a NO DIAL 
TONE status is returned: 

<com> <TERMINATED NUMBER 
STRING> <LF> <CR> 

<com> X <LF> <CR> 

After a call has been successfully 
dialed, the modem monitors the tele- 
phone line for call -progress tones. If 
the number string is terminated with 
a Z, however, the modem takes no 
further action. Instead, the modem 
is left OFF HOOK, with its 
modulator silenced. Employing this 
OFF -HOOK mode is typically how 
you would use the modem to initiate 
a voice call. 

Phone Number Storage 
The modem can store as many as 

fifty -two 32- character strings, either 
phone numbers or log -on messages, 
or a combination of both. Each entry 
is stored by sending the following 
command from the host to the 
modem: 

Status 

<com>A<LF> <CR> 
<com>B<LF> <CR> 
<com>D<LF> <CR> 
<com>N<LF> <CR> 
<com>R<LF> <CR> 
<com>V<LF> <CR> 
<com>W<LF> <CR> 
<corn> <LF> <CR> 
<com>?<LF> <CR> 

<corn> <DIALED 
NUMBER> <LF> <CR> 

<corn> <H1H2> <LF> <CR> 

Description 

Data call answered 

Busy number reached 

Modern disconnect 

No answer or command failure 

RING -BACK tone or ring signal 

Voice received 

Modern answer but host is at wrong speed 

Command -complete acknowledgment 

Command -entry error 

Number dialed 

H1H2 represent hexadecimal status of the program 
register 

Table 4: Info -Mate 212A status messages. 

Number -String 
Character Positions 

0..9 1 

' and # 1 

A 2 

T 

P 

TB 

PB 

B 

0 

Z 

) 

<SP> 
1 

Meaning 

Dialed digits 

Dialed digits, tone only 

Adaptive dialing; pauses for dial tone, then automatically 
selects tone- or pulse -dialing for the remaining number - 
string digits. At the beginning of each number string, 
adaptive dialing is assumed unless otherwise specified. 

2 Pauses for dial tone, then dials the remaining digits in 

the number string using DTMF tones 

2 Pauses for dial tone, then dials the remaining digits in 
the number string using pulse -dialing 

4 Inserts a blind wait of 2 seconds into the dialing se- 
quence without monitoring dial tone, then continues to 
dial the remaining digits in the number string using 
DTMF tones 

4 Inserts a blind wait of 2 seconds into the dialing 
sequence, then continues to dial the remaining digits in 
the number string using rotary -type pulses 

2 Inserts a 2- second pause in the dialing sequence 

2 If the number string is terminated with an "0," only the 
modem -answer tone is monitored for call -progress after 
dialing 

2 If placed as the last character in the number string, the 
modem terminates the dialing command without going 
into the originate -data call mode. The modem stays OFF 
HOOK with its modulator squelched 

2 Placeholding characters 

Spaces are illegal 

Table 5: Permissible dialing- string characters. 
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Control & 
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Starbuck Model 8232 
A general purpose real -world 
interface: connects to ANY 
computer or terminal via RS -232 

TYPICAL APPLICATIONS: 

Use with printing terminal: 
create low -cost data logger 

Use with modem and phone for 
remote acquisition & control 

Capture data bursts for 
subsequent analysis /plotting 

Monitor experiments; transfer 
data daily to main computer 

FEATURES: 

8 analog inputs, 0 -5 VDC 

8 digital input channels 

8 opto- isolated outputs 

All inputs and outputs fully 
protected to withstand abuse 

8 bit (0.4 %) analog accuracy 

On -board 2000 point buffer 

Up to 5000 analog readings /s 

Triggered acquisition 

Units may be chained for 
extra channels 

Controlled by ASCII strings 

Application manual details 
interfaces for common sensors 

Applications engineer on call 

THRIFTY PRICE: $540. complete! 
Applications manual only: $5. 
TRS -80 version also available * STARBUCK * 

DATA COMPANY 

PO Box 24, Newton, MA 02162 
(617) 237 -7695 

Dealer and OEM inquiries welcome 
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Number Strings Meaning 

767 -1111 Dials 767 -1111 and adaptively selects tone- or pulse - 
dialing, if unspecified adaptive dialing is assumed 

T767-1111 Dials 767-1111 using tones after pausing for dial tone 

P767-1111 Dials 767 -1111 using pulses after pausing for dial tone 

BT767 -1111 Dials 767 -1111 using tones after waiting 2 seconds. After 
dialing, call -progress -tone detection is limited to modem 
answer tone. 

TB767-1111 Dials 767 -1111 using tones after waiting 2 seconds. After 
dialing, call -progress -tone detection is limited to modem 
answer tone. 

PB767-1111 Dials 767-1111 using pulses after waiting 2 seconds. After 
dialing, call- progress -tone detection is limited to modem 
answer tone. 

PB767-1111Z Same as previous number string except after dialing 
767 -1111 the modem does not go into the originate -data 
mode. It stays off hook with its modulator squelched, 
waiting for the next command. This is very useful for 
placing voice calls. 

T9A(408)745 -0450 Tone -dials 9 after pausing for dial tone, then adaptively 
selects tone- or pulse -dialing to dial 745 -0450. This is a 
typical format used for dialing tandem calls through a 
PBX. 

T9P7771234T12345T4087671111 Tone -dials 9 after pausing for dial tone, then waits for dial 
tone again before pulse -dialing 777 -1234. After pausing 
for dial tone a third time, the number 12345 is tone di- 
aled. Finally, after a fourth pause for dial tone, the 
number (408) 767 -1111 is tone dialed. This is a typical 
number string used for calling through long- distance- 
carrier facilities such as MCI or SPRINT. It should be 
noted that the number string is 31 characters long, one 
less than the maximum allowed. 

Table 6: Typical dialing commands. 

<com> STORE <LETTER> 
' MESSAGE ' <CR> 

In this command sequence, LET- 

TER specifies one of fifty -two 
32- character memory locations. Al- 
though it can be a word of any 
length, it must begin with an alpha- 
betical letter (A to Z or a to z). The 
message to be stored- MESSAGE- 
can be a telephone number or a log - 
on message, but it must be bounded 
by single quotes or apostrophes. Any 
character except < corn > , QUOTE, 
and Control -H can be embedded be- 
tween the quotes, even < CR > and 
< LF > characters. QUOTEs are 
reserved as delimiters, while Control - 
H or the backspace key is used to 
backspace over entry errors. If a 
<com >is entered in the message, 
the entire command is aborted and 
a new one is begun. 

The @ sign is a special storage char- 
acter that, when entered as the first 
character in the message, inhibits dis- 

play of that memory location when 
using the LIST command. Only an @ 

is listed as a placeholder, which is 
meant to ensure log -on or pass- 
word- message security. 

To list the numbers or log -on 
messages stored in the modem, a 
host need only send the following 
command to the modem: <com> 
LIST < CR > . In response, the list ap- 
pears on the video screen, with the 
last number stored listed first, fol- 
lowed by as many as 52 stored num- 
ber or log -on- message locations. 

For example, to send a message 
stored in location A to a remote 
modem for database -password ac- 
cess, the following command would 
be sent to the modem: 

<com> M A <CR> 

As many as 16 letters can be specified 
within the message (M) command. 
After the message referred to by the 
first letter, the modem sends the sec- 
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Automatic Screen Design (ASD): This 
feature permits you to specify the design 
of a form (which may be multi -page) that 
you wish to use for data entry and data 
viewing. You simply layout a screen mask 
and within seconds, without any 
programming, a data entry program can 
be generated. 

See DataVu'' at your local 
software dealer. We also 
have a demonstration 
system up and running. You 
can dial in and try most of the 
DataVu- features. Call us for 
more information. 

Thinkers 
Soft, Inc. 

P.O. Box 221 
Garden City, NY 11530 
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Automatic Menu Generation: This feature 
permits you to design your own menus in 
which each option in the menu may invoke 
an executable program ora batch file. You 
simply layout the menu pages, and within 
seconds, without any programming, your 
menu program can be generated. This 
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menu -driven packages. 
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Report Generation: Reports generated 
from your data base(s) that become 
routine and have enduring value may be 
specified by you in detailed format to the 
Report Generation feature. It is designed 
to retrieve information from the data base 
with simple statements and perform 
arithmetic operations. 

Relational Data Base Management: 
Having established data base(s) through 
use of the ASD feature, you may use the 
Relational Data Base Management feature 
to manipulate and retrieve these data. This 
feature supplies 12 commands and four 
utility programs to support activities like 
Select, Sort, Index, Join, Reformat, and so 
on. 
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If you want to impress your boss, or 
your friends, we'll gladly charge you 
$700. for this software package. 
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Query- Status Table 

OFF HOOK asserted 

carrier detected 

high speed (1200 bps) 

self -test enabled 

analog loop test enabled 

remote originated digital 
loop 

digital loop locally enabled 

UNLISTEN mode enabled 

modem Xecho's transmitted 
data 

remote digital loop enabled 

current hexadecimal TEST 
error count 

Table 7: Query- status symbols. 

and referenced message, and so on. 
Each message can be any length but 
must begin with an alphabetical let- 
ter. Only the first letter is interpreted 
to determine which one of the fifty - 
two 32- character memory locations is 
selected. Messages sent are not dis- 
played in order to protect the log -on 
password security. 

Questioning the Modem 
At any point during the operation 

of the modem, it is useful to deter- 
mine its current status. With the Info - 
Mate, status can be determined by 
entering the following command: 

<com> QUERY <CR> 

If modem status is normal, the 
message <com> OCHSARDUXZ/ 
X1X2 < LF > < CR > is sent to the 
host system. Each character has a 

specific meaning, as shown in table 
7. If a period (.) replaces any of the 
status characters, it implies the nega- 
tive or opposite status condition. 

Testing the System 
No matter how sophisticated or in- 

telligent the modem, if, for some 
reason, you cannot communicate 
your data, all the features in the 
world are no help at all. When a fail- 
ure occurs, it is normally a rather 
long and drawn -out process to deter- 
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Info -Mate Test Modes 

When a problem occurs during transmis- 
sion of a message over your modem, you 
can direct the Info -Mate 212A to perform 
any of eight self-diagnostic tests. The test 
numbers shown in parentheses replace the 
argument n in the test command described 
in the main text. 

Analog loop tests (0,1). In these two 
tests for the originate and answer modes, 
respectively, the host's transmitted data is 

modulated and looped back through the 
modem's demodulator, and the resultant re- 

ceived data is transmitted to the host. This 
mode lets you determine if the modem and 
data -terminal host are operating correctly 
together by checking to see if the received 
data matches the transmitted data. 

Analog loop self tests (2,3). These 
two tests are similar to the analog loop 
tests, except that the modem transmits a 

pseudorandom data pattern in place of the 
host data. It then checks to see that the cor- 

rect data pattern is received. These tests 
check the modem itself. 

Digital loop test (4). This test loops 
the demodulated received data back to the 
transmit modulator, enabling the modem 
to retransmit all data sent to it from a re- 

mote modem. 
Remote digital loop (5). In this test, 

a remote modem rather than the local 
modem is requested to begin the digital - 
loop test. The procedure enables the host 
computer to send data through the local 
modem to the remote modem and inspect 
the returned data for accuracy. This test 
verifies that both local and remote modems 
and the telephone line are operational. 

Remote digital loop self test (6). This 
test is the same as the remote digital loop 
test, except that data from the modem's in- 
ternal random pattern generator and 
checker is substituted for the host's data. 

Self test, end -to -end (7). In this test, 
the local modem sends a pseudorandom test 
pattern to the remote modem and expects 
to see that same pattern front the remote 
modest. This test can isolate data errors 
down to the direction of transmission. 

mine where in the system the error 
has occurred: in your modem, in the 
telephone line, or in the other 
modem. This diagnostic process is 
simplified considerably in the Info - 
Mate, which can perform any of eight 
different tests (see box, "Info -Mate 
Test Modes ") upon transmission of 
the command < com > TEST 

n < CR > , where the argument n in- 
dicates the appropriate test mode. 

To Listen Or Not to Listen 
The Info -Matés on -board com- 

mand interpreter supports two 
operational modes: LISTEN and 
UNLISTEN. In the LISTEN mode, 
host commands are decoded and ex- 

ecuted. But in the UNLISTEN mode, 
host commands are transmitted just 
like data and are not interpreted. This 
mode allows the modem to ensure 
total data transparency. A unique 
algorithm allows the host terminal or 
computer to dynamically direct the 
modem to move in or out of the 
LISTEN mode. 

Either of these modes is initiated 
using the UNLISTEN command: 
<com >UNLISTEN n <CR >, 
where n is either 0 or 1. 

When n =1, the modem does not 
listen for commands in the data 
mode. When n =0, the modem does 
not listen for commands in the data 
mode until the host transmits a break 
(a start bit, all -0 data bits, and a 0 stop 
bit). Thereafter, the modem listens 
for the host until it is commanded to 
again UNLISTEN. The host's break 
signal is absorbed by the command 
interpreter and does not pass 
through to the phone line. This corn- 
mand assures that inadvertently em- 
bedded commands in blocks of data 
sent through the modem do not af- 
fect the data transmission. Both 
binary and ASCII files can therefore 
be passed through the modem with 
complete data transparency ensured. 

Quiet, Please 
Finally, there is the ZZZZ com- 

mand- <com >ZZZZ n <CR >- 
which, appropriately enough, makes 
the modem quiet. When the corn - 
mand is given, the modem silences 
its transmitter and stays OFF HOOK. 
This command typically serves as a 
transition from data mode to voice - 
communication mode. To return to 
the data mode, the ORIGINATE or 
ANSWER command may be issued. 
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