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OFTEN FIRST - ALWAYS THE BEST

When we introduced the 'S’ system last year we knew that we were ahead of the industry.

We didn’t realize just how far.

WE KNEW THE NEEDS—

When we began designing the S/09 computer, we
knew that the normal eight-bit microprocessor sys-
tem was not adequate for any but the smallest,
single user business applications. What was worse
there was little that could be done to expand the
capabilities of the system if the customer needed
it. There is nothing much worse to a business
customer than a “‘dead end’’ system.

MEMORY IS THE KEY—

Obviously a business system should be able to
operate with multiple terminals if needed. It
should also be able to do a variety of jobs; not just
data processing, but also word processing and com-
puter aided instruction. With a system limited to
64K bytes of memory addresses such a system is
just not practical. The amount of user memory
available to each terminal is too small for useful
work.

HOW DO YOU GET IT—

The common solution to this problem is called
bank switching. This process is similar to a selector
switch that turns on the bank of memory that you
want to work with. This, however, has a few pro-
blems. It is inefficient, therefore expensive, plus
being slow. It is also extremely clumsy when data
must be exchanged between two different pro-
grams. Besides with all this you still cannot use
more than 64K of memory for any one program.
So what is the alternative?

DO IT RIGHT—

The alternative is an address bus with more than
the normal 16 bits found on eight-bit microproces-
sors. By using 20 address bits you can, for instance,
address up to a million memory locations directly.

This way you have access to any part of memory at
any time without any intermediate processes. Pro-
gram interaction is now no problem at all.

SOFTWARE MUST MATCH—

So far we have a computer system with a large
memory capacity and the ability to operate with
many terminals, but this is not enough. You need
an operating system just as sophisticated as the
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hardware to complete the job. It must be a multi-
tasking (therefore multiuser) operating system and
it must be fast if it is to be useful with multiter-
minal systems. UniF LEX® fills these requirements
and more. It also has multiple directories, log-in
and password features. UniFLEX® was patterned
after UNIXT™™. which is one of the most highly re-
garded operating systems around.

PERIPHERALS TOO—

To complete the system we offer our smart ter-
minals, and a variety of disk systems. We have
everthing from a 390K byte floppy to a 40 Meg/
byte Winchester drive. All peripherals are compa-
tible and so you can start with a small single
terminal system and upgrade if necessary to a fully
expanded system—16 terminals, 768 bytes of RAM
memory and 96 Meg/bytes of disk storage.

GET THE WHOLE STORY—

If you are planning to install, or sell business
systems you should get our information package
on the most versatile and cost effective system on
the market, the S/09. You can get a 128K system
(less printer) for a little over $5,000.00.

*UNIX is a Trademark of Bell Laboratories.

SYSTEM SOFTWARE

Languages Operating Systems
Assembler FLEX™
BASIC UniFLEX
FORTRAN
Pascal
PILOT

Word Processing
Word Processing Editor

Data Processing Text Processor

General Ledger
Accounts Receivable
Accounts Payable

Payroll Utilities

Jobcost Debug Package
Inventory Sort-Merge
Mail List Diagnostics

*Supplied with over 40 ulililies

SOUTHWEST TECHNICAL PRODUCTS CORPORATION
219 W. RHAPSODY
SAN ANTONIO, TEXAS 78216

(512) 344-0241
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Ultrasonic heart sector scan

MIGH PO

RESOLUT O

High-resolution display with alphanumerics

Get the professional color
display that has
BASIC/FORTRAN simplicity

LOW-PRICED, TOO

Here’s a color display that has
everything: professional-level resolution,
enormous color range, easy software,
NTSC conformance, and low price.

Basically, this new Cromemco Model
SDI* is a two-board interface that plugs
into any Cromemco computer.

The SDI then maps computer display
memory content onto a convenient color
monitor to give high-quality, high-
resolution displays (756 H x 482 V pixels).

When we say the SDI results in a high-
quality professional display, we mean you
can’t get higher resolution than this
system offers in an NTSC-conforming
display.

The resolution surpasses that of a color
TV picture.

BASIC/FORTRAN programming

Besides its high resolution and low
price, the new SDI lets you control with
optional Cromemco software packages
that use simple BASIC- and FORTRAN-
like commands.

Pick any of 16 colors (from a
4096-color palette) with instructions like
DEFCLR (c, R, G, B). Or obtain a circle of
specified size, location, and color with
XCIRC (x, y, r, ©).

*U.S. Pat. No. 4121283

Circle 1 on inquiry card.

Model SDI High-Resolution Color
Graphics Interface

HIGH RESOLUTION

The SDI's high resolution gives a
professional-quality display that strictly
meets NTSC requirements. You get 756
pixels on every visible line of the NTSC
standard display of 482 image lines. Ver-
tical line spacing is 1 pixel.

To achieve the high-quality display, a
separate output signal is produced for
each of the three component colors (red,
green, blue). This yields a sharper image
than is possible using an NTSC-composite
video signal and color TV set. Full image
quality is readily realized with our high-
quality RGB Monitor or any conventional
red/green/blue monitor common in TV
work.

Z-ZH
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Model SDI plugs into Z-2H 11-megabyte
hard disk computer or any Cromemco
computer

DISPLAY MEMORY

Along with the SDI we also’ offer an
optional fast and novel two-port memory
that gives independent high-speed access
to the computer memory. The two-port
memory stores one full display, permit-
ting fast computer operation even during
display.

CONTACT YOUR REP NOW

The Model SDI has been used in scien-
tific work, engineering, business, TV,
color graphics, and other areas. It's a
good example of how Cromemco keeps
computers in the field up to date, since it
turns any Cromemco computer into an
up-to-date color display computer.

The SDI has still more features that
you should be informed about. So contact
your Cromemco representative now and
see all that the SDI will do for you.

Cromemco

280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 ¢ (415) 964-7400

Tomorrow’s computers today
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Here’s the state of the art
in low-cost hard-disk computers

11 MEGABYTES
OF
FAST HARD-DISK STORAGE
Yes, the Cromemco Model Z-2H
is in a class by itself in the computer
field.
These Z-2H features tell you why:
® 11 megabytes of hard-disk
storage
® 64 kilobytes of fast RAM
® Two dual-sided floppy disk
drives
® Z-80A type processor .
@ Fast 4 MHz operation—150
nanosecond access time
® Fast hard-disk transfer rate of
5.6 megabits/second
® Low cost
And that’s not all you get. Not
nearly.

BROAD
SOFTWARE SUPPORT

You also get Cromemco software
support—the broadest software sup-

Circle 1 on inquiry card.

port in the microcomputer field. Soft-
ware that Cromemco is known for.
Like this:

Structured BASIC

FORTRAN IV

RATFOR (RATional FORtran)
COBOL

Z-80 Macro Assembler

Word Processing System

Data Base Management

And more all the time.

FIELD PROVEN

The Z-2H is clearly in a class by it-
self. We introduced it last summer.
It’s field proven. It's reliable.

And it’s rugged. Housed in a sturdy,
all-metal cabinet.

EASILY EXPANDABLE
As always with Cromemco, you get
expandability. The fast 64K RAM in
this Model Z-2H can be expanded to
512 kilobytes. That amount of RAM
combined with 11 megabytes of hard-
disk storage gives you enormous

Cromemco

computer power—the equal or even
beyond what much larger computers
sometimes offer.

What's more, this computer gives
you a 12-slot card cage. That's to plug
in your special circuits as well as
additional RAM and interface cards.

This expandability is supported by
still more Cromemco value — the
Z-2H'’s heavy-duty power supply that
gives you 30A at 8V and 15A at =18V
to support plug-ins.

LOW COST — SEE IT NOW

The Z-2H is real. It's been in the
field for many months. It’s proven
itself.

You should see the Z-2H now. Con-
tact a Cromemco representative and
arrange for a demo. Learn that Cro-
memco is a survey-winner for reli-
ability.

And learn that the Z-2H is under
$10K.

In the long run it always pays to
get the best.

280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 » (415) 964-7400

Tomorrow’s computers today
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22 A BUILD-IT-YOURSELF MODEM FOR UNDER $50
by Steve Ciarcia

This originate-only modem will allow you to get started in intercomputer communica-
tion with minimal expense.

58 THE HARD-DISK EXPLOSION: HIGH-POWERED MASS
STORAGE FOR YOUR PERSONAL COMPUTER
by Tom Manuel

Thanks to new hard-disk technology, personal computer users can add millions of bytes
of mass storage to their systems at a reasonable cost.

100 WHAT IS FORTH? A TUTORIAL INTRODUCTION
by John S James

Here is an overview of FORTH that lays the foundation for the other theme articles in
this BYTE.

150 BREAKFORTH INTO FORTH by A Richard Miller
and Jill Miller

If you can’t imagine any personal use for FORTH, can you imagine a 96-line program
that plays a fast, animated game with sound on the TRS-807

164 FORTH EXTENSIBILITY: OR HOW TO WRITE A COM-
PILER IN TWENTY-FIVE WORDS OR LESS by Kim Harris

This tutorial explains the capability for defining new families of FORTH words.

210 CONSTRUCTION OF A FOURTH-GENERATION VIDEO
TERMINAL, PART 1 by Theron Wierenga

Part 1 of this article presents a new design using the 8275 controller and a dedicated
Z80 microprocessor.

Background

76 THE EVOLUTION OF FORTH, AN UNUSUAL
LANGUAGE by Charles H Moore

The inventor of the language recalls its design and how it evolved over a 10-year
period.

198 KHACHIYAN'S ALGORITHM, PART 1: A NEW SOLU-

TION TO LINEAR PROGRAMMING PROBLEMS
by G C Berresford, A M Rockett, and ] C Stevenson

Now you can study the algorithm that promised to revolutionize linear programming.

Nucleus
6 Editorial: Threads of a FORTH 94 BYTELINES

Tapestry 98 Selected FORTH Vendors

14 Letters 196 A FORTH Glossary

40 Product Review: The Ohio Scien- 226 Clubs and Newsletters
tific CA-15 Universal Telephone In- 230 Event Queue
terface 234 Ask BYTE

46 Product Review: The Heath H-89 248 What's New?
Computer 302 Unclassified Ads

72 Programming Quickies: Self- 303 BOMB, BOMB Results
Reproducing Programs 304 Reader Service
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ON THE COVER

This month's cover by Robert Tinney shows a rocket-like needle
threading its way through granite cubes Ilabeled:
DOUBLE , DUPLICATE , and + . The threaded path of the
needle is a representation of the process used in FORTH and other
threaded languages to create a new word (here, DOUBLE ) with
previously defined words (here, DUPLICATE and + ).

Other aspects of this fascinating language are described in the
editorial, “Threads of a FORTH Tapestry,” and in the theme
articles for this issue. ;
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RS-170 com-
posite or direct
drive output

Local or
external sync ="
generation

4 or 5 Mhz
Z80 micro-
processor

60 hertz real-
time clock

8level . e
interrupt tie-in :

I[EEE S100 bus
compatible

Screenware™ Pak I

A 4K byte operating system resident in PROM
on MicroAngelo™ Pak I emulates an 85 char-
acter by 40 line graphics terminal and provides
over 40 graphics commands. Provisions exist
for user-defined character sets and directly
callable user extensions to Screenware Pak .

SCION Corporation
8455-D Tyco Road
Vienna, Va. 22180

(703) 827-0888

i lil:!M!HIIIIIlIIIIIllIlIIIlIIllIIlI i

CROANCELO

HIGH RESOLUTION GRAPHICS SINGLE BOARD COMPUTER

SCION

CORPORATION

Light pen
. interface

Time multi-
plexed refresh

4K resident

. Screenware™
Pak I operating
system

32K RAM
isolated from
host address
space

92 High speed
= communica-
tions over
parallel bus
ports

Host Resident Terminal Software

An interface software package that coordi-
nates input/output from the MicroAngelo™
graphics board, the MicroAngelo™ keyboard,
and your computer. The result is a flexible,
yet sophisticated graphics terminal.

European Distributor:
Micro Diversions UK Ltd.
17/19 Mesnes Street
Wigan, England WN1 1QP
09-423 4311
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You'’ll save money,

have fun, and learn

by building it yourself

— with easy-to-assemble
Heathkit Computers.
See all the newest in
home computers, video
terminals, floppy disk
systems, printers and
innovative software.

Send today
for your

FREE

Heathkit
Catalog

If coupon is missing, write
Heath Co., Dept. 334-682
Benton Harbor, M| 49022

Send to: Heath Co., Dept. 334-682,
Benton Harbor, Ml 49022.

Send my free Heathkit Catalog now.
| am not currently receiving your
catalog.

Name

Address

City State
CL-728 Zip
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Threads of a FORTH Tapestry

Editor’s Note: This month's editorial is by BYTE Editor Gregg Williams.
Gregg was responsible for the preparation of this month's special section
devoted to the FORTH language. Carl Helmers returns next month with
an editorial....CM

What do a portable heart monitor, the new Craig Language

Translator, a peach-sorting machine, and a movie called Battle
Beyond the Stars have in common? The answer is FORTH, a not-so-new
language as comfortable in industrial machinery as it is in a personal com-
puter. In fact, it was originally used by its inventor, Charles H Moore, to con-
trol the telescope and equipment at the Kitt Peak Observatory.

Although I have known about FORTH for about a year, it was only during
the preparation of this issue that I began to actively keep my ears open for
mention of this unusual language. I have uncovered a lot of information (and
some experience) about FORTH and its variations. The language is so unusual
that no single line of thought could give you a picture of what the language is
like. Instead, the following sections represent several threads from the rich
tapestry called FORTH.

FORTH in the Real World

No language I know of is as comfortable in real-world situations as FORTH.
Here are some examples of the breadth of applications that have been created
using FORTH:

® Elicon Inc of Brea, California, is using FORTH software to drive the
same kind of computer-controlled cameras that were used to film the
sophisticated space-battle scenes in Star Wars. New World Productions of
Venice, California, is using this camera system to film the spaceship sequences
in the motion picture Battle Beyond the Stars. In a related development,
Magicam Inc (which devised a number of the special effects for the recent
movie Star Trek) is in the process of converting control of its master-slave
camera pair from an analog computer to a digital computer running FORTH
software. In the Magicam process, the master camera follows actors on a
special blue stage while the computer guides the slave camera across a detailed
model. Later, the two images are optically combined, producing the effect of
the actors actually being in the landscape depicted on the model.

® Allen Test Products of Kalamazoo, Michigan, has developed an igni-
tion analyzer for use in service stations and automobile repair shops that
analyzes the behavior of automobile ignition systems and displays both
diagnostic and corrective information. Formerly, the voltage waveform from a
spark plug was displayed on an oscilloscope, after which a mechanic would
attempt repairs based on his interpretation of the waveforms.

® Atari Inc is using FORTH in two of its divisions and is rumored to be
contemplating other uses for the language. In its Coin-Operated Division,



“For reliable data storage,

you can’t beat Shugart’s

Miniflopp

“I sell systems my customers can depend
on. That’s why most of the personal and
small business computer systems sold here
feature Minifloppy disk drives. I know
from experience I can rely on the
Minifloppy””

Since 1976 Shugarts Minifloppy has
been used by more small computer system
manufacturers than any other drive. In
fact, more than half-a-million Minifloppys

TM~—Minifloppy is a trademark of Shugart Associates.

99 ™ Raymond Schlitzer, Owner—

( ] Computerland, San Francisco

have been installed. The Minifloppy looks
small—but it stores a lot of data. 250
kilobytes on one side, or up to 500 kilo-
bytes in the double-sided model. That’s
about 50 pages of printed information on a
single-sided Minidiskette, and twice that
on the double-sided version. You’ll have
plenty of storage capacity for your pro-
grams, letters, forms, or ledger entries.
And you find your data fast, too, because
the Minifloppy is a random access device

that eliminates the need to search for your
data serially as you must with a tape
cassette unit.

No matter what problem you’re
solving with your computer system, you
can rely on Shugarts Minifloppy for data
storage. We’re known as the Headstrong
company for good reason. We’re
Headstrong about reliability, quality, and
value. Ask your dealer. He knows us.

Relyon the

Headstrong Company.

JA.Shugart

475 Oakmead Parkway, Sunnyvale, California 94086



which develops and markets the
stand-alone games found in pinball
arcades and restaurants, a 6502-based
development system employs
FORTH software to debug and test
arcade circuit boards. In addition,
Atari has developed its own custom
version of the language, called game-
FORTH, that is awaiting its first use
to replace machine code as the lan-
guage used to create arcade games.
Someday soon, you may play a coin-
operated game without knowing that
you are actually running a FORTH
program.

In the Consumer Group of Atari, a
version of FORTH that has been ex-
tended to allow manipulation of the
video screen and game peripherals
has been developed for the Atari 800
computer. Although no definite plans
have been made, Atari may market it
as an option for the Atari 800, or, like
the Coin-Operated Division, use it in
a “transparent” mode to implement
games and other programs.

® FORTH is used in a portable
1802-based computer that aids in the
treatment of patients with infrequent
heart flutter. The device, small
enough to be worn comfortably by

the patient during his or her daily ac-
tivities, constantly updates a “snap-
shot” of the patient’s heart activity
every 7 seconds. In addition to re-
cording this information in real time,
the device analyzes the data for evi-
dence of a heart murmur. When a
murmur is detected, the device stores
the data containing the evidence and
signals the patient to return with the
device to the doctor’'s office for
analysis and diagnosis.

® In another medical applica-
tion, FORTH is the sole language
used in a computer at the Cedar-Sinai
Medical Center in Los Angeles, Cali-
fornia. Using FORTH, a Digital
Equipment Corporation PDP-11/60
simultaneously performs, among
others, the following tasks: manages
32 remote terminals; stores patient in-
formation from an optical reader into
a large data base; runs a statistical
package that analyzes the patient
data base in search of trends in the
physical makeup, treatment, and
results of similar patients; and
analyzes blood samples and heart
behavior in real time while a patient
is exercising on a treadmill machine.
Spencer SooHoo, in the pulmonary

A CREATION OF COMPUTER HEADWARE

WHAISTIE:

(Wow! How'd All That
Stuff get in There?)

A sophisticated, self-indexing filing system—
flexible, infinitely useful and easy to use,
that adapts to your needs.

WHATSIT comes ready to run on your Apple, NorthStar, or
CP/M computer. See your dealer. . .or write or call:

léA DHAT
ojtware

P.O. Box 14815 » San Francisco, CA 94114  Tel: (415) 621-2106
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medicine section, is also developing a
portable 6800-based FORTH system
to be used for monitoring intensive-
care patients.

® A stripped-down version of
FORTH was used to create the hand-
held Craig M100 Language Trans-
lator under time, size, and other
design constraints. This same lan-
guage also runs the software inside
the translator unit. In a related pro-
duct, a hand-held ASCII terminal
manufactured by MSI Data Corpora-
tion of Costa Mesa, California, also
uses FORTH internally.

® In what must be the most in-
teresting FORTH application I have
encountered, a central California
fruit farming cooperative uses an
8080-based machine running FORTH
to adaptively sort and grade peaches.
Infrared sensors send information to
the computer on the coloring and
quality of pitted peach halves that
pass the sensors on a conveyer belt.
After analyzing this data, the FORTH
program causes flippers to knock the
peach halves into appropriately grad-
ed bins—extra fancy, fancy, etc. In
addition, the program keeps track of
the percentage of peaches in each bin
and changes its selection criteria to
maintain a certain fixed ratio among
the various grades of peaches.

® Last but not least, FORTH: is
used in several aerospace applica-
tions. A FORTH-like language called
IPS (running on an 1802-based
system) is orbiting Earth in an
amateur radio satellite called the
OSCAR Phase III. Avco Inc is using
another 1802-based system (again,
for the small size and power com-
sumption of the 1802 microprocessor)
to monitor temperature and take care
of ground-to-satellite and satellite-to-
ground telemetry in a military
satellite.

Who Should Try FORTH?

FORTH is an easy language: a high
school student, Arnold Schaeffer,
wrote an arcade-type game called
BREAKFORTH. (See “Breakforth in-
to FORTH,"” by A Richard Miller and
Judy Miller, on page 150.)

FORTH is a difficult language: it
easily beats APL as a “write-only
language”; you can write a program
in the language, but you can't easily
read what you've written.

Given these two valid extremes,
your initial reaction might be, “This
doesn’t make sense.” True, learning



At Intersystems,
‘dump” is an instruction.

Not a way of life.

[Or; when you're ready for IEEE S-100, will your
«computer be ready for you?)

We're about to be gadflies again.

While everyone’s been busy
trying to convince you that large
buses housed in strong metal
boxes will guarantee versatility
and ward off obsolescence, we’ve
been busy with something better.
Solving the real problem with the
first line of computer products
built from the ground up to con-
form to the new IEEE S-100 Bus
Standard. Offering you extra ver-
satility in 8-bit applications today.
And a full 16 bits tomorrow.

We call our new line Series
™ And even if you don't need the
full 24-bit address for up to 16
megabytes (!) of memory right
now, they’re something to think
about. Because of all the perform-

ance, flexibility and economy
they offer. Whether you're looking
at a new mainframe, expanding
your present one or upgrading
your system with an eye to the
future. (Series Il boards are com-
patible with most existing S-100
systems and all IEEE S-100 Stan-
dard cards as other manufacturers
get around to building them.)
Consider some of the fea-
tures: Reliable operation to 4MHz
and beyond. Full compatibility
with 8- and 16-bit CPUs, pe-
ripherals and other devices. Eight
levels of prioritized interrupts. Up
to 16 individually-addressable
DMA devices, with IEEE Standard
overlapped operation. User-selec-
table functions addressed by DIP-
switch or jumpers, eliminating sol-
dering. And that’s just for openers.
The best part is that all this
heady stuff is available now! In
our advanced processor—a full
IEEE Bus Master featuring Memory
Map™ addressing to a full mega-
byte. Our fast, flexible 16K Static
RAM and 64K Dynamic RAM
boards. An incredibly versatile and

economical 2-serial, 4-parallel
Multiple 1/O board. 8-bit A/D-D/A
converter. Our Double-Density
High-Speed Disk Controller. And
what is undoubtedly the most flex-
ible front panel in the business.
Everything you need for a com-
plete IEEE S-100 system. Available
separately, or all together in our
new DPS-1 Mainframe!

Whatever your needs, why
dump your money into obsolete
products labelled “IEEE timing
compatible” or other words peo-
ple use to make up for a lack of
product. See the future now, at
your Intersystems dealer or call/
write for our new catalog. We'll
tell you all about Series Il and the
new IEEE S-100 Bus we helped
pioneer. Because it doesn’t make
sense to buy yesterday’s products
when tomorrow’s are already here.

\Y ™
[nnferSyysiemns
Ithaca Intersystems Inc.,
1650 Hanshaw Road/P.O. Box 91,

Ithaca, NY 14850
607-257-0190/TWX: 510 255 4346




FORTH takes some time; it's some-
what like learning a foreign language.
So far, my experiences with FORTH
remind me of my attempts at learning
a smattering of Russian; both lan-
guages are so different from any ['ve
seen before—French or Spanish,
BASIC cr FORTRAN—that I have to
mentally shift gears to work in the
new language.

You should give FORTH a try if
you are excited by what you see here.
Especially important in this respect
are the articles, “What is FORTH? A

Tutorial Introduction,” by John
James, and “ A FORTH Glossary,”
pages 100 and 186, respectively. Your
best bet is to get to a computer that
can run a version of FORTH; or, bet-
ter yet, get someone who knows the
language to demonstrate it to you.
My first experience with FORTH
was at the Fourth West Coast Com-
puter Faire in May 1979. A member
of the FORTH Interest Group was
demonstrating the language using an
Apple II and an Advent television
screen. First, he defined a word called

Get all the details on our 84
standard open frames
in our new 1978 catalog.
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COUNT, like this:

: COUNT o0 DO I . LOOQOP ;
Then he said { 6 COUNT } (note:
the braces are not part of the expres-
sion; see the accompanying text box),
the computer replied with
{ 012345 OK }.Iwas instant-
ly hooked on learning more about
FORTH. What he had done closely
paralleled the iota function in APL,
and anything that even resembled
APL was going to get my full atten-
tion.

If you are at all dissatisfied with the
capabilities of your current com-
puter, or if you feel that there should
be more to computers than BASIC
and assembly language, you should
try FORTH. Once you get accus-
tomed to its peculiar syntax, you can
make it do nearly anything you want
it to. In fact, you can even make it
have features it did not previously
have. Assembly language is like this
to some extent, but FORTH is a
higher-level language with the same
abilities—only magnified. FORTH is
what I call a “homebrew” language;
its enthusiasts carry with themselves
the same look-how-this-works en-
thusiasm as do most hardware
hackers who build their own hard-
ware. If we ever have a homebrew
software issue, FORTH will certainly
be included.

FORTH is the ultimate software
hacker’s language because, like a bag
of components before a hardware
hacker, you can do anything you
want to with it. It can be argued that
assembly language is the ultimate
programming language; strictly
speaking, this is true, but it takes so
much more time to craft a piece of
software in assembly language that it
is practically ruled out in most cases.

However, this total freedom carries
with it complete responsibility. Since,
for example, the FORTH program
you write is free to use an array
subscript that is out of bounds, you
must be responsible enough to either
(a) put in error-checking routines
(you can take them out later), or (b)
build your program up from small
tested modules to assure that your
program will never execute an im-
proper subscript. If you would rather
have the language system do this kind
of work for you, stick to BASIC or

whatever you're running now.
Text continued on page 128
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Maybe we can
save you a call.

Many people have called with the
same questions about the AIO.
We'll answer those and a few more here.

@: Does the AIO have hardware handshaking?

A: Yes. The serial port accommodates 3 types—RTS,
CTS, and DCD. The parallel port handles ACK, ACK,
BSY, STB, and STB.

Q: What equipment can be used with the AIO?

A: A partial list of devices that have actually been tested
with the AIO includes: IDS 440 Paper Tiger, Centronics
779, Qume Sprint 5, NEC Spinwriter, Comprint, Heathkit
H14, IDS 125, IDS 225, Hazeltine 1500, Lear Siegler
ADM-3, DTC 300, AJ 841.

@Q: Does the AIO work with Pascal?
A: Yes. The current AIO serial firmware works great
with Pascal. If you want to run the parallel port, or both

the serial and parallel ports with Pascal, order our
“Pascal Patcher Disk?”

Q: What kind of firmware option is available for

the parallel interface?

A: Two PROM's that the user installs on the AIO card
in place of the Serial Firmware PROM’s provide:
Variable margins, Variable page length, Variable
indentations, and Auto-line-feed on carriage
return.

@: How do I interface my new printer to my Apple
using my AIO card?

A: Interconnection diagrams for many popular
printers and other devices are contained in the
AIO Manual. If your printer is not mentioned,
please contact SSM’s Technical Support Dept.
and they will help you with the proper
connections.

@: I want to use my Apple as a dumb terminal
with a modem on a timesharing service like
The Source. Can I do that with the AIO?

A: Yes. A “Dumb Terminal Routine” is listed
in the AIO Manual. It provides for full and
half duplex, and also checks for presence
of a carrier.

@z What length cables are provided?
A: For the serial port, a 12 inch ribbon cable
with a DB-25 socket on the user end
is supplied. For the parallel port, a 72 inch
ribbon cable with an unterminated user
end is provided. Other cables are available
on special volume orders.

The AIO is just one of several boards
for the Apple that SSM will be introducing
over the next year. We are also
receptive to developing products to
meet special OEM requirements.
So please contact us if you have

v : ; s
L aneed and there is nothing available

aragon Drive
2190 Pdfd%a\'\iom\a 95131 :
San Jose€. to meet it.
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SSM Microcomputer Products
2190 Paragon Drive

San Jose, California 95131
(408) 946-7400







ht and the Apple.

If you could talk to Thomas Edison,
he’d tell you what it was like to turn the

lights on in 1879. You could tell him about

some bright ideas of the 20th century...

particularly, a technological phenomenon
that can handle everything from solar heat

control to lighting your home via voice

command. The Apple personal computer.

Expand your own
inventiveness with the

always-expandable Apple.

Take a look inside your local computer

store. There’s a range of Apple systems
for you...whether you want expansion
capabilities of four or eight accessory
slots...or memory expandable to 64K

bytes or 128K bytes. With this kind of flexi-

bility, the possibilities for creating your
own computer system are endless.
Want to add an A to D conversion
board? Apple makes it happen. Want to
plug into time sharing, news and elec-

high speed and low cost. No

wonder this drive is the most

popular on the market.

But now Apple goes one
better with the DOS Tool Kit.
A series of utility programs,
it gives you the freedom to
easily design 280hx192v
graphic displays in a palette
of living color...depending
on your choice of Apple
system.

Edison was first with the

movie camera and projector.

Now, with Apple’s DOS Tool
Kit, you can be first to work
wonders with colorful
creative animation.

Imagine the
broadest line
of software
programs ever.

Edison had the first movie
camera...and Apple has
the DOS Tool Kit that takes
you into the colorful world

Pascal, FORTRAN, PILOT and
0502 assembly language.
Use these languages to score
a sonata. Apple will play
back your musical master-
piece on its built-in speaker.
Edison listened to his
voice on a revolutionary
phonograph in the 1800s. ..
now you can listen to the
sounds of today with Apple’s
inventive family of personal
computers.

Where to find even
more illuminating
Apple experiences.

There’s always something
new being invented at Apple to
set your imagination soaring.
And there’s always an expert
to tell you all about it in
detail. Your Apple dealer. If you

already own an Apple, there’s
a whole future ahead to
challenge man, mind and machine.

If you're considering a personal com-
puter, stop by the computer store and
compare. Apple’s reliability, proven perfor-
mance and recognized technological leader-
ship will help you see the light. Don’t
let history pass you by. Visit your nearest
Apple dealer, or call 800-538-9696.

In California, 800-662-9238.

Apple’s broad line of
peripherals is equalled only
by the most extensive line of software
you'll find in the personal computing
world. Since more than 170 companies
offer software for the Apple family, you
can have one of the most impressive
program libraries ever.

When you write your own programs,
your Apple speaks creatively in BASIC,

of animation.

With Apple, Edison could’ve written a
program to determine why some filaments
burned longer than others.

j‘j“qpple@computer

tronic mail services? Apple does it all.
Because Apple is the most popular per-
sonal computer with the least complicated
interface, over 100 companies supply
peripherals for the Apple family...includ-
ing an IEEE 488 bus for instant control.

Disk drives, a tool kit
and creativity in color.

Apple was one of the first to use
disk drives for increased performance %
and application versatility. Today, our 54" ¥
disk drive offers high density (143K bytes)g

v ,.v.an-ﬁ,.g—l‘."“"
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Programming Knowledge
Is Not Enough

I[saac Newton explained it over 300
years ago. Introductory physics students
learn it less than three months into their
first course. Yet now it seems to be
treated as an argument over words,
rather than principles, in BYTE's Letters
column. [ speak of the description of cir-
cular motion under the influence of

Letiers

gravity, and in particular of Delmer
Hinrichs’ recent contribution “Marsport
Forces Resurface” (January 1980 BYTE,
pages 16 and 17).

In the situation described, there is
only one force acting: gravity, given by
GMm/r*. The other relation Hinrichs
presents does not show how to calculate
another kind of force, but is simply a
statement of Newton's second law of
motion, namely, if any net force acts on

vO0O-+4 X»vmO
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Chrislin is First !'!1']

with deliveries of DEC’'s Desk Top Computers. Available with
LSI1 11/2 or LSI 11/23 CPU. Complete system totally enclosed
within VT100 Video Terminal. Price $4,500 with LSI 11/2 and
64K bytes or $8,995 with LS| 11/23 and 256K bytes.

NOW Available — PDP 11/23 with 256 KB Memory $8,900.

SPECIAL — LSI 11/2 and 32K x 16 Memory $1,095.

10 MEGA BYTE Cartridge Disk System with Controller, RT11

compatible $6,100.

1 MEGA BYTE RX02 Floppy Disc System $3045.

¢
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Chrislin Industries, Inc.

Computer Products Division
31352 Via Colinas ® Westlake Village, CA 91361 e 213-991-2254
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a body, an accelerated motion will be
observed. For circular motion, the ac-
celeration is equal to v?/r, and the force
giving rise to such motion, from
whatever physical source, is called a
centripetal force; ie: a force toward the
center of the circle, which is quite the
opposite of Mr Hinrichs’ “centrifugal”
force (of which there is none in the
situation under discussion). The physics
here is thus simply to note that the
gravitational force acts centripetally, and
thus can be equated to m times the ac-
celeration, or ma.

It is unfortunate that many people
have not yet realized that programming,
once one is past the initial hurdles, is no
longer a self-sufficient discipline, but
must be viewed as a tool within the con-
text of some other discipline in order to
acquire real value. If the discipline is
economics, for example, the programmer
must be a reasonably accomplished
economist if one is to trust his results; if
the discipline is physics, then the physics
must be understood thoroughly, and not
just pulled out of some handbook; and
SO on....

S Leslie Blatt

Professor of Physics

The Ohio State University
Van de Graaff
Accelerator Laboratory
1302 Kinnear Rd
Columbus OH 43212

More Marsport Commentary

In Delmer Hinrichs’ second letter in
the January 1980 BYTE, he continues to
miss the point about the nature of forces
in circular motion. (See “Marsport, Here
[ Come,” April 1979 BYTE, page 84.) As
he points out, the National Aeronautics
and Space Administration (NASA) ex-
plains circular orbits in terms of cen-
tripetal force and gravitational force,
while Mr Hinrichs says, “The attraction
of gravity is exactly balanced by the
centrifugal force at all times.” This is not
just a matter of “slightly different” ter-
minology. As can be confirmed with a
dictionary, a centripetal force is one
directed toward the center of motion,
but a centrifugal force is one directed
away from the center of motion. Thus
the terminology of Mr Hinrichs is in fact
opposite that of NASA.

Perhaps the confusion results from the
use of two names, centripetal and
gravitational, which suggests the ex-
istence of two forces. However, gravita-
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TRS-80* Computer Compatible . ..

Quality is the real difference.
Low price is merely a dividend.

High quality.
Competitive pricing.
And a proven track record.

Three reasons why Percom is the industry’s
number one independent manufacturer of
mini-disk systems for microcomputers.

And if you're looking at
mini-disk drives, extra storage
capacity is an added
bonus.

In fact, you store
almost one fifth more
data on Percom
TFD-100" drives and
over two-and-one-fourth
times as much on
TFD-200™ drives.

Besides extra testing ;
and superior design, you get 0S-80'™ usés Level II
free, with each system, a software :
patch on minidiskette that not only BASIC commands
upgrades TRSDOS* for operation with : o
the newer 40- and 77-track drives, but the Separator " End “CRC Xﬁjngi;issoar’elaes\e’fil fI<I)rBSSISCan d Disk
also deglitches version 2.1. error. Track locked out!” BASIC functions
A\_;anlabl‘e in 1-, 2- and 3-dnve You extend the OS-80'™ utility set
conflgur?tlons‘ Percom drives for the This plug-in indefinitely with your own BASIC
TRS-80* computer start as low as $399. adapter disk-resident utilities
virtually : 0S-80"™ resides in less than 7-Kbytes
The gift of speech eliminates data of RAM.
read errors, a The program is supplied on
Called problem that minidiskette along with a simple file
; SpeakTZ-Me- plagues manager, BASIC disk utilities and an
g 8§ 2™, this clever TRS-80* computer systems. The 0S-80™ “Handbook’” that you expand
y inteﬁace SEPARATOR"“. SO Ca“ed, is instal]ed in and maintain.
i E module makes the Expansion Interface without All are helpful programming
a Texas modifying the host system. When examples.
Instruments’ installed, data and clock signals are Price, with instruction manual, $29.95.
Speak & Spellt the voice of your reliably separated during playback, an : )
computer — announcing, imploring, essential function that the separator s NEW! 0S-80
commanding with expressions and circuitry of the host computer performs Machine Language
ssentﬁgces cLealted from the Speak & very poorly. Price is only $29.95. SAVE /LOAD
ellt vocabulary. ¢ < o
pspeech is Conrgoued either at the Note. Opening the Expansion Interface N /.) QR Utility. Only
keyboard or by your own Level Il may void the Tandy limited 90-day it $14.95 on
RASIC programs. Or by Percom i warranty. minidiskette w/instructions.
minidiskette word games a7 =

(available soon).
Speak-2-Me-2™
is installed in the
battery
compartment of 3
your Speak &
Spellt, and power is
provided from an
ordinary calculator power
pak. Supplied with an
interconnecting cable,
operating software and a
comprehensive users manual, v 3
Speak-2-Me-2"" costs only | 7

Quality Percom products are available at Percom dealers nationwide.
Call Percom’s toll-free order number, 1-800-527-1592,
for the address of your nearest dealer or to order direct.
PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE.

PERCOM DATA COMPANY, INC.
211 N. KIRBY GARLAND, TEXAS 75042
(214) 272-3421

" rademark of Percom Data Company, Inc.
* trademark of Tandy Radio Shack Corporation which has no relationship to Percom Data Company.
+ trademark of Texas Instruments, Inc.

$69.95.
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Hirea
fast
thinker.

5 MHz CPU Card

M Intel 8085A-2 microprocessor ll Hardware
floating point M Performs calculations six times
faster than other CPUs M On-board monitor in
PROM M 1K RAM scratch pad B Keyboard or
RS232C terminal M Variable clock frequency

PRICE—$850

(California residents add 6% sales tax)

Call or write Artec for details.

”
0

X ]

ARTEC ELECTRONGCS, INC.

605 Old County Rd., San Carlos, CA 94070
Telephone (415) 592-2740
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tional forces are centripetal; ie: directed
toward the center (of Mars in this case).
In other words, for circular orbits the
gravitational force and the centripetal
force are one and the same and cannot
balance one another.

You might then wonder why two
names and two formulas are used for the
same force. The answer is that the two
different formulas come from two
separate types of analysis, one indepen-
dent of motion, the other requiring mo-
tion. The formula for gravitational
force, F, = GMm/r?, comes from
measurements of forces between two
masses. The two masses might be or-
biting each other, in contact, on a colli-
sion course, or moving apart. The
gravitational-force formula works the
same in all of these cases. On the other
hand, the formula for centripetal force,
F, = mv’/r, comes from measurements
of forces needed to keep a single mass
moving in a circular path. These forces
can be of any type. Examples include
tension in a string, friction between a
car’s tires and the road surface, elec-
tricity, magnetism, and gravity. The
centripetal force equation works the
same in all of these cases. Notice that
both of these formulas apply to circular
orbits and can be set equal because the
centripetal force is supplied by gravity.

As a high school physics teacher with
a Master’s degree in physics, I have
discussed this subject with over a dozen
physicists and hundreds of students. All
of the physicists and most of the
students would agree with what [ have
written here.

Robert Reiland
RR 1
Portersville PA 16051

A Message About the Reminder

My article in the January 1980 BYTE
“A Computer-Generated Reminder
Message” (page 160) has prompted
several people to contact me, raising
various questions related to the article.

The data conversion routines caused
the most comment. They require a
BASIC processor which maintains at
least seven full decimal digits of preci-
sion; many do not. To determine if a
given BASIC maintains seven digits of
precision, enter “PRINT 9999999", If
9999999" is printed, the BASIC main-
tains sufficient precision. References for
further study of data-processing
algorithms may be found in the follow-
ing articles:

Fliegel and Pan Fladen, “A Machine
Algorithm for Processing Calendar
Dates,” Communications of the

ACM (CACM), volume 11,
October, 1968.

Robertson, “Remark on Algorithm
398," Collected Algorithms from
CACM.

Stone, “Tableless Date Conversion,"
Algorithm 398, CACM, volume 13,
October, 1970.

Tantzen, “Conversions Between
Calendar Date and Julian Day
Number,” Algorithm 199, CACM,
volume 6, August, 1963.

The only known error in the January
article appears on page 172. The
reference to line 9500 should be deleted,
since the line was deleted from the pro-
gram listing.

Another area of questions concerned
the conversion of the program to other
disk BASIC s. I have been asked about
TSC BASIC, North Star BASIC, and
other versions. The usual two areas of
concern are the required seven digits of
precision and disk input/output (I/0)
methods. Without reference to specific
implementations, Microsoft-like BASICs
should prove the easiest to convert.
Other implementations which do not use
FIELD statements are also convertible,
though with some increase in difficulty.

Edgar M Pass

Computer Systems Consultants Inc
1454 Latta Ln NW

Conyers GA 30207

Here's a Good Book on
Curve Fitting

In response to F R Ruckdeschel’s
appeal for a good, balanced reference
book on curve fitting (Letters, March
1980 BYTE, page 16), I heartily recom-
mend Applied Linear Statistical Models
by John Neter and William Wasserman
(Richard Irwin & Sons, 1974).

This book features a unified approach
to both simple and multiple cases of
linear and polynomial regression tech-
niques, and through the use of indicator
variables, it also offers a regression ap-
proach to basic and multifactor analysis
of variance.

It is a good book for both beginners
and statisticians alike, since it starts out
at an introductory level, introduces
matrix theory early, and goes on to
show how matrix operations (o 2rations
on two-dimensional arrays, which most
computer languages can handle) can be
applied to a large variety of statistical
analyses.

After I had struggled for years in the
seemingly muddy area of statistics, this
book has been instrumental for me in
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- Do more
than ever before-

spend less than
vou planned

Heath makes the All-In-One Computer more versatile

Many satisfied customers know
Heath takes the risk out of buying a
balanced computer system. With the
Heathkit All-In-One Computer, you
get 16K Random Access Memory
(expandable to 48K), keyboard, video
terminal and floppy disk system —
together in one self-contained, com-
pact unit - for up to hundreds of
dollarslessthan comparable systems.

Heath now makes the All-In-One
Computer more versatile than ever!
The new Heathkit H77 Floppy Disk
System gives the All-In-One even
more data storage and recall capac-
ity. Combined, the All- In-One and
H77 Floppy Disk give you up to 300K

SEND FOR FREE CATALOG

Write to: HEATH COMPANY,
DEPARTMENT 334-684,
BENTON HARBOR, MI 43022 L

bytes of on-line data storage ~
enough to hold entire files. You can
mount operating system and pro-
gram disks at the same time, to make
computing even faster.

You can run programs written in
MICROSOFT™ BASIC™ and As-
sembly Languages, and all current
software written for the popular
Heathkit H8 Computer.

Heath User’s Group (HUG) will share
with you a library of over 500 pro-
grams to make your computer serve
you in ways you never imagined.
There’'s no better way to learn about
computer systems —and save money
—than by building one yourself.

Concise, easy-to-follow Heathkit
assembly manuals show you the
way, from start to finish. And a na-
tionwide network of service centers
protects your computer investment.

Join the Heathkit computer family
today —and pocket the savings!

For complete details on Heathkit
computer systems, as well as nearly
400 other electronic kits for your
home, work or pleasure, send today
for your free, value-packed Heathkit
catalog. Or pick up your copy at the
nearest Heathkit Electronic Center.

Heathkit

Graaiin

VISIT YOUR HEATHKIT STORE

In the U.S. and Canada, visit your

nearby Heathkit Electronic Center where

Hemhlil products are also displayed,

sold and serviced. See the white pages of

Eour phone book. In the U.S., Heathkit
lectronic Centers are units of

Veritechnology Electronics Corporation.

CP-184



Now for CRTs, TRS-80 Model Il and Sorcerer!

VEDIT CPM

Visual Editor

You Customize The Fastest Editor For
Word Processing, C-Basic, Fortran, Assembler.

Features:

Screen oriented editor with status
line. In visual mode the screen
continuously displays the region of
the file being edited and a cursor.
Changes are made by moving the
cursor to any place in the file and
;vpin in new text or hitting a
unction key. These changes are
immediately reflected on the screen
and become the changes to the file.

Full array of cursor movements
with single key movement to begin
and end of lines, tab positions.

Function keys for character
delete, line delete and allowing line
splitting and concatenating.

Very easy to use text move in
visual mode with a text register.

Flexible command mode allows
global search and substitute, repe-
titive editing operations, text move.

Blocks of text are readily copied
from one file to another. Files may
be merged on input, split on output
and other extensive file handling.

Keeps up with the fastest typists!

Extensive manual with sections
for both the beginning and experi-
enced user. (Our users say it is the
clearest, best manual available).

Special Features:

Disk buffering can automatically
perform Read/Write for files larger
than available main memory.

Tabs settable to any positions.
Tab key inserts tab character or
spaces to next tab position.

Display of clearly marked contin-
uation lines for text lines longer
than the screen.

You Customize It:

To Your screen size (even 40 or
70 lines), screen address and
keyboard layout.

Cursor type, blinking, reverse
video.

Default Tab positions and various
parameters.

Scrolling methods.

Its ideal for diverse hardware,
ke'gboards and applications.

or OEMs too.

Compatible: CP/M systems with
most memory mapped displays,
including VDM, SSM, VIO, Matrox.
CRT terminals, H19, VT100,
Hazeltines, etc. Also for Sorcerer
and TRS-80 Model II.

CP/M 15 a trademark of Digital Research Corp
TRS-80 1s a {rademark b Tandy Corporation
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The Changes You Make on the Screen
Become the Changes in the File.

Compare with the other screen oriented editors. Some have most of VEDIT's
features, fewer have the special features, but none are customizable like
VEDIT. And don’t be misled by our lower price! Write or call for more
information and discover why VEDIT allows you to edit faster and easier than
any other editor. (Even users with other screen oriented editors and word
processors tell us they prefer VEDIT!)

Ordering: Specify your video board, CRT terminal type or microcomputer,
the 8080/Z80 or Z80 code version and disk format desired.

Need a Fast and Reliable 24 X 80 Video Board

Then you want the S-100 PIICEON V-100. Its I/0 mapped, doesn't take up
memory space, yet runs at full processor speed. Full character set with lower
case descenders. Fully assembled and tested by PIICEON, the company
known by OEMs for reliability. Its the ideal companion to VEDIT.

Standard Package: For CRTs, Sorcerer, Model Il, Piiceon ........ $110
Memory Mapped Package: For Memory mapped displays . ..... .. $100
Manual: Price refunded with software purchase . ... ............ $ 15
PIICEON V-100: 24 X 80 Video display board, 1 Year Warranty . . . . . $445

PICKLES & TROUT CP/M: Super CP/M 2.2 for the TRS-80 MOD Il . . $185
VISA and MASTER CHARGE Welcome. Dealer Inquires Invited.

CompuView Products Inc.

1531 JONES DRIVE ANN ARBOR, MICHIGAN 48105
CALL ANYTIME: (313) 996-1299
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clearing the water. And for the ex-
perimentally minded computerist, this
text winds up with a comprehensive sec-
tion on experimental design.

Richard Shide
918 4 Ave S
Fargo ND 58103

Getting Into a Metric Gear

As an avid cyclist, [ was glad to see
the Programming Quickie in the March
1980 BYTE (“Gear-Ratio Calculation for
Bicycle Derailleurs,” page 68), but as an
ardent proponent of “metrication” 1 was
sorry to see that, contrary to your stated
policy, you did not include a metric
equivalent. Metric countries use a more
rational and intuitively meaningful
measure of the gear ratio than our silly
system does; they simply measure how
far the bicycle will travel in one com-
plete turn of the pedals. The following
program (listing 1) should serve to make
the principle clear.

Listing 1.
PROGRAM GEARS;
CONST Pl = 3.14159;
VAR
DIAMETER,
CIRCUMFERENCE,
DEVELOPMENT,
CHAINWHEEL, SPROCKET: REAL;
BEGIN WRITE (‘WHEEL DIAMETER IN
METERS: ');
READ (DIAMETERY);
CIRCUMFERENCE : =PI * DIAMETER;
REPEAT WRITE (‘TEETH ON CHAIN
WHEEL: ');
READLN (CHAINWHEEL);
WRITE (‘'TEETH ON SPROCKET: ');
READLN (SPROCKET);
DEVELOPMENT : = (CHAINWHEEL /
SPROCKET) * DIAMETER;
WRITELN (‘DEVELOPMENT: °,
DEVELOPMENT: 4:2, * METERS.")
UNTIL EOF
END.

David A Mundie
104 Oakhurst Cir
Charlottesville VA 22903

Beware of Handshakes

If any BYTE readers are thinking
about installing a dot-matrix printer in
their microcomputer system, [ have a
friendly warning to pass on: pay close
attention to your manufacturer’s recom-
mendations, or know the risk you're
taking if you ignore them.

For example, North Star Computers,
Inc recommends that owners connect the
Anadex DP-8000 to the parallel interface
of its Horizon computer. But comparing
printer specifications, I chose to save a
few bucks by building a Heath H-14 line
printer for the Horizon'’s serial interface.

I saved some money: the printer kit
cost $625 plus shipping, plus an addi-
tional $82.98 at the Heathkit Electronic

Circle 13 on inquiry card. =g



Mountain Hardware makes
more peripherals for
the Apple Computer
than Anybody.

ana., . .
a place to put them

Intelligent Home Controller for lights and
WO appliances. Real-time schedules and
S energy conservation. Complete applications
software package. Home security with random
scheduler. Power usage accounting package for
home energy cost control. No wiring required.

Real-time and date information. Interrupts
permit Foreground/Background operation of
two programs simultaneously. Battery back-up.
Crystal-controlled for + .001% accuracy. Onboard
ROM for easy access from BASICs. Supports
PASCAL. Time from one millisecond to one year.

Input/Output Speech Digitizer. Permits talking programs. 1/0 capability
allows interactive programs with speech-prompted inputs. Use output for
speech directed activities in business systems, announcements in a control-
room, or sound effects in entertainment programs. Easy to use because input
- as well as output is under user control with special software operating system.

Program your own EPROMs. Create your own firmware.
Programs 2K, 2716 5V EPROMSs. Disk software package
provides easy EPROM programming, EPROMs are verified
after BURN. RUN your programs from on-board socket or
install them on ROMPLUS+.

More power for your system through firmware. Six sockets
accept 2716 EPROMs or ROM equivalents. Six or any com-
bination can be used at once. Scratch-pad RAM and two TTL
connectors. Special 2K ROMs available for powerful system
enhancement: Keyboard Filter ROM—COPYROM-—Others
coming soon.

Sophistication previously available only on
experimental mini and mainframe com-
puter synthesizers. Digital instrumental
music synthesizer system. 16 voices in
stereo. Instrument definitions simulate the
sound of real instruments—and more. Fully
programmable waveforms. Envelope Con-
trol. Composition system—sheet music
input using standard music notation.
Chords and multi-part scoring up to 16
voices. A true instrument that anyone with
an Apple can play.

16 channels analog to digital input. 16
channels digital to analog output.
Eight bit resolution. Super-fast 8u
sec. conversion time. Monitor and
output to the real world. All on one
card.

@Mountain Hardware

e ——

—

By popular demand! Eight more slots for your
Apple. Attractive sturdy enclosure. Its own heavy
duty power supply. Easy to use. Address cards
in Expansion Chassis the same way as in your
Apple. Only one additional command to specify
in Apple or in Expansion Chassis. Compatible with
all Apple peripherals.

MOUNTAIN HARDWARE has the most compre-
hensive line of Apple peripherals available.
Anywere. From anybody. We know the Apple
inside and out and are committed to providing
the most innovative and unique products to
expand and enhance its capabilities and use.
After all, we were the first company to make an
Apple peripheral—except Apple Computer.

The message is simple. If you have an Apple, you
need to know MOUNTAIN HARDWARE.

Available at Apple Dealers worldwide.

Mountain Hardware

‘ Leadership in Computer Peripherals
A Division of Mountain Computer, Inc.
300 Harvey West Blvd.
Santa Cruz, CA 95060 (408)429-8600

MORE PERIPHERALS? Send me information.
NAME

ADDRESS

CITY

Apple is a trademark of Apple Computer Inc.




Center in Seattle when the H-14 flunked
its initial power-on tests. The service
personnel replaced two defective CMOS
(complementary metal-oxide semicon-
ductor) integrated circuits and repaired
three open-foil breaks in the 5 V supply
at no charge, but they detected er-
roneous installation of seven transistors.
(Considering the obvious textual errors
in the documentation, which would you
believe—the text or the pictorials? I
guessed wrong and followed the pic-
torial: customer error!)

My H-14 printer tested perfectly at
4800 bps (bits per second) under HDOS
in Seattle. It went ape at 4800 bps on
the Horizon after I got it home. A quick
phone call to my friendly Horizon dealer
divulged the fact that North Star DOS
does not test for handshaking signals!
(The Heath manual advises to run no
faster than 110 bps without hand-
shaking.)

So now [ have a 110 bps line printer
dawdling along, while the 4 MHz Z80A
and I are twiddling our respective
thumbs! Does anybody out there want
to trade an in-warranty Anadex DP-8000
printer for an in-warranty Heath H-14
plus some extra cash?

John R Dye
4807 Fifteenth Ave SE
Lacey WA 98503

Specialized Business Program

As a charter subscriber to BYTE, I
quite often see references by many of
your software reviewers and article
writers to the lack of good software
available for microcomputers in the
business field. I thought, to give some
perspective, that I would tell BYTE
readers about the Electric Log. It is
highly specialized and useful in no field
other than the operation of a television
station; therefore it is directed to a very
small group of very small businesses
(less than 8000 in the entire US).

The point I would like to make is this:
since there is an adequate supply of
standard business packages available, the
opportunity in business software lies in
the specialized application field. These
will never be marketed in magazines
outside the trade, never by computer
companies, and never with any great
publicity. There is more of this done
than you realize, and this may be the
undercurrent that stimulates small
business to invest in microcomputers.

Pete Charlton
The Management
POB 111

Aledo TX 76008

Figure 1.

16 RESISTORS
IN SERIES

Pass the Pi

Emory Sprenkle remarked in his letter
(February 1980 BYTE, page 16) that
1/(113/355) is a good rational approx-
imation of 7, and is easily remembered.
In fact, 355/113 is the best rational frac-
tion approximation to 7 having no more
than three digits in the numerator.

I was reminded of the following prob-
lem which appeared a few years ago in
American Mathematical Monthly:

What is the smallest number of
perfect 1-ohm resistors needed to

20 August 1980 © BYTE Publications Inc

create a network with an equivalent
resistance of 7 ohms, + 10 “° ohms?

This problem leads one to discover how
positive rational fractions may be
presented as continued fractions. The
solution shown in figure 1 includes three
resistors in series with a network con-
sisting of sixteen series-connected
resistors in parallel with seven parallel-
connected resistors, making twenty-six
in all.

W Lloyd Milligan
8604 Maywood Dr
Columbia SC 29209 B
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 plus fast-seek for voice coil systems.

Industrial quality components
for S-100 system builders, from
California Computer Systems.

single or double, Supports PerSci auto eject,

2810 280 CPU Board. Capable CPU for S-100
Systems operates at 2 or AMHz, is fully Altair/

. Imsai compatible. Z-80 monitor is available

separately. Includes auto addressing to
4K boundaries, plus a serial port for serlal

~ devices, including terminals and printers.
~ Supports both fr t—pane |

peration and
power-on memory jump, plus wait-state gen-

 eration for slower memories. Compatlble w:th
~ proposed IEEE $-100 standards,

2032A 32K Static RAM. Fast static memory

~_ operates without wait states at a full AMHz.
Supports full and partial bank select, for

expansion beyond 64K. Addressable in 8K

 blocks at 8K boundarles Address and data

DMA restrictions.

2016 16K Static RAM. Fully buffered board
 features 2114 static RAMs for +5v operatlon

Bank select available by bank port or bank
_byte, for system expansion beyond 64K.

~ Addressable in 4K blocks at 4K boundaries.
- LED indicators for board selection and

bank selection. Available in 200, 300, or 450

~ nsec versions. All versions support 4MHz

operation with no wait states.

2200A Mainframe. Rock solid, heavy gauge

cabinet includes 12-slot, actively terminated

S-100 motherboard, fan and power supply.
Power supply features 105, 115, or 125 volt

_ AC input power; provides +8vDC at 20 amps,
- £16v DC at 4 amps. Available in five colors.

Includes convenient, front mounted, lighted

 reset switch.

2501A Mother Board. 12 slots, actively
terminated, with all S-100 connectors included.

~ Distributed power line bypass, low induc-

tance interconnect—extremely low bus noise.

Prototype Boards. Four high quality prototype

- boards: Solder Tail, Extender/Terminator,

Wire Wrap, and Etch.
P2802AA 6502 CPU. Stand-alone CPU

_ generates fully S-100 compatible I/0 signals;

executes 6502 machine language. Operates at

2MHz; capable of DMA operation.

Available nationally.

California Computer Systems industrial
quality S-100 products are available at over
250 computer retailers. Volume customers
should contact the marketing department at
CCS.

CCS. Industrial standards.



deliver industrial
ndustrial prices.

~ Yousystems builders who need top quality, full
featured, workhorse S-100 building blocks at the most
competitive prices now have a source. California
Computer Systems.

PHPY _FPID W

{

-
-
"~
-
-

|-

-

Industrial quality means top grade materials, com-
ponents, and assembly, plus complete testing for absolute
reliability.

Industrial quality means solid designs, a full
complement of the important features you require, and
a product line that delivers performance.

Industrial pricing comes from mass production. We
buy at the right prices, and build iz quantity, using
state-of-the-art facilities and techniques. Including
complete burn-in, for full performance right off the shelf.

Our industrial point of view means you get higher
performance, greater reliability, and lower prices. If these
are features you would like to see in your S-100 system,
see things our way.

Because for serious users with serious uses for
the S-100, these are the industrial standards.

California Computer Systems

' 250 Caribbean Sunnyvale, CA 94086 (408) 734-5811




l}lapclas Circuit l}ellap

Copyrlght @ 1980 by Steven A Ciarcia. All rights reserved

A Build-It-Yourself Modem
for Under $50

1 receive many personal-computer
club newsletters. Some of the larger
clubs around the country have put me
on their mailing lists to keep me
informed of what's going on in their
area. One I recently received was
significant because it demonstrated
the tremendous advancements in per-
sonal computing in a very subtle
way.

It was not the content of this
newsletter that was important. It con-
tained the usual new business, old

Steve Ciarcia
POB 582
Glastonbury CT 06033

business, and other information. The
significant point was the preparation
of the document itself.

According to an editorial, this
publication has an editor/publisher
and four columnists spread across the
state. Each columnist prepares his
textual material on his own personal
computer, using a word-processing
program. He then telephones the
editor’s computer and down-loads the
text to it. The editor, using his com-
puter, combines the four individual

Photo 1: The prototype modem circuit of figure 1 was assembled on the blue perforated
circuit board as shown. It was then installed under the top cover of a COMM-80 I/O-
expansion unit, shown at left. The COMM-80 was described in the June Circuit Cellar.

(See “1/O Expansion for the TRS-80, Part 2: Serial Ports,”

June 1980 BYTE, page 42.)

The COMM-80 and this modem are sufficient to turn a Radio Shack TRS-80, or a com-
puter that uses a similar bidirectional bus, into a timesharing terminal. The modem can

be used on any computer.
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columns, along with his work, and
lays out the complete newsletter.
Finally, the editor telephones the
print shop and transmits the entire
newsletter for typesetting and print-
ing.

The significant point is that all the
communication is between computers
and is conducted over the telephone
lines.

Transmitting and receiving data
using the telphone is not a difficult
task if you have the correct equip-
ment. Virtually any microcomputer
can be configured for this activity. To
communicate properly, the system
must be a serial terminal or emulate
one and be attached to the phone
lines through a modem.

A “terminal” describes any equip-
ment with hardware and software
designed to facilitate serial data com-
munication with prescribed data rates
and protocol. My June 1980 article on
the COMM-80 was such a hardware
package. (See “I/O Expansion for the
TRS-80" June 1980 BYTE, pages 42
thru 62.) With the COMM-80 attach-
ed and using the communication soft-
ware provided, the TRS-80 computer
emulates a terminal. Any other com-
puter system calling itself a
“terminal” and using the same data
rates and protocol would be able to
communicate with it. This includes
all users of The Source and MicroNet
timesharing services.

A modem is the device that allows
the computer to be connected to a
telephone.

The problems associated with con-
necting your computer to a telephone



There are fwo
sides fo our story.

Side One

The DISCUS 2+2 Quad - Density Hardware

Now you can use your
S-100 system to tackle big
jobs. Because the DISCUS™
2+2 Quad-Density Disk
System puts 1.2 megabytes of
fast-access memory on your
side for just $1545.00 complete. |

With the DISCUS™ 2+2 System,
complete means complete.

You get a full-size (IBM-
compatible 8") double-sided/
double-density disk drive,

factory mounted in a cabinet with
power supply, fully-buffered S-100
single-board controller, and inter-
connecting cables. All fully
assembled, system-tested and
fully warranteed.
You get the speed and
efficiency of 1.2 megabyte-
per-diskette memory. ..
and you get it for 0.13¢
per byte.

Side Two

The DISCUS 2+ 2 Quad -Density Software

1.2 megabyte quad-density hard-
ware is only one side of the story.
The DISCUS™ 2+2 System price
includes all the fully-interfaced,
high-performance software you
need to take full advantage of your
quad capacity.

The system includes our exclusive
BASIC-V™ virtual disk BASIC, which
allows you to address your quad-

development tool available.

Micro-Soft BASIC 5.1 and Micro-
Soft FORTRAN are available as
options. Both run under CP/M* 2.1.

Check out the full system price of
DISCUS™ 242 Quad against any
other floppy disk system at your
local computer store. At $1545.00,
we think you'll take sides with
DISCUS™ 2+:2.

density diskettes as easily as main memory. The If your dealer doesn't carry THINKER TOYS
operating system you get is the widely accepted products, write MORROW DESIGNS Inc., 5221
CP/M* 2.1. And you get our powerful DISK-ATE Central, Richmond, CA 94804. Or call (415)524-2101
text editor/assembler; The most advanced software 9-5 weekdays (Pacific Time).

MORROW DESIGNS/ Thinker Toys-

*CP/M is a trademark of Digital Research. Gircle 15 o ndti d
ircle on inquiry card.



Photo 2: Comparison of two generations of modems. At right is an early model made
by Anderson-Jacobson, shown with the covers open. The old modem uses discrete
semiconductor components and toroidal inductors. On the left is an example of a cur-
rent model of modem: a Novation Cat acoustic-coupled modem, which is popular with
home-computer hobbyists.

R

Photo 3: First of a series of photos (3 thru 9) showing how you can easily contruct an
acoustic-coupler pickup. My design for the pickup uses such “exotic” materials as a hot-
water pipe foam insulation, a pair of 2-inch, 8-ohm dynamic speakers, a foam-backed
dinner placemat, rubber cement, and adhesive tape.

Step 1 of the process (shown here) is to cut a wedge-shaped piece from the insulating
foam. The foam I used had an inside diameter of 1% inches with a Y;-inch wall, giving an
outside diameter of about 2% inches. The high side of the wedge should have a height of
about 1 inch, the low side about ¥ inch.

Next, cut and trim a rectangular piece of foam measuring ¥ by Y, by 3% inches. This is
used to help fit the speaker snugly into the hole in the wedge-shaped piece previously
cut.

Solder the electrical connections to the speaker before proceeding to apply rubber-
cement to the rectangular foam piece and wrap it around the voice coil of the speaker.
Hold it in place until the cement sets.
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are not unlike those associated with
the cassette data-storage system on a
personal computer. Like the
telephone, the cassette recorder is
incompatible with digital data and
has a very narrow bandwidth (a few
thousand hertz). Since all personal
computers accommodate cassette
data storage, there is obviously a
reasonable solution.

Rather than using digital voltage
levels, as in a direct-wired com-
munication link, audio-frequency
tones are recorded instead. In most
systems, one tone of a given fre-
quency signifies a logic 0 and a tone
of a different frequency signifies a
logic 1. When we change or shift the
tones to correspond with the logic
input, we are performing frequency-
shift-keyed (FSK) modulation. When
we play back the tape into the com-
puter, a demodulator distinguishes
the tones and separates them back
into 1s and Os.

How Does a Modem Work?

Terminal-to-terminal communica-
tion is more complex than a simple
cassette system even though it
employs similar techniques. Trans-
mission over the two-wire phone
system from one terminal, called the
originating terminal, to another,
called the answering terminal, uses
FSK tones. The major distinction is
that terminals, unlike cassette
recorders, can operate in full-duplex
mode and communicate in both direc-
tions over the same pair of wires.
Rather than using a single pair of
tones, which would be confusing if
both terminals tried to transmit at the
same time, a modem uses two sets of
tones.

One set of tones (1070 Hz and 1270
Hz) is used by the originating ter-
minal and another (2025 Hz and 2225
Hz) is used by the answering ter-
minal. If your computer were con-
nected to a timesharing computer,
your computer would be the
originating system and all your data
would be sent with FSK tones of 1070
Hz and 1270 Hz for logic 0 and 1,
respectively. The timesharing com-
puter would answer you with 2025
Hz (logic 0) and 2225 Hz (logic 1) FSK
data.

Almost universally, if you are dial-
ing up a large computer network, you
are the originating terminal. An
originate-only modem, which is all

Text continued on page 28
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| The trouble with video terminals today

is that most of the low-cost models just don't
have the performance to handle your tough
applications. And the few that do are usually
not compatible with your existing system. But
now, Intertec has resolved this age old
dilemma with the introduction of its new
Emulator™ Video Terminal.

The $895* Emulator™ performs exactly
as you command. With the depression of just
a few keys, Emulator users can select
terminal control codes of any one of four
popular video terminals. The Lear-Siegler
ADM-3A. The Soroc 1Q-120. The DEC VT-
52. Or the Hazeltine 1500. Incredible! It's like
having four terminals for the price of one.

But, best of all, not only does the
Emulator replace these terminals, it outper-
forms them by offering enhanced user-
oriented features. Features that those other
terminals just don't have - at any price.

Standard Emulator™ features include: a
sharp, crisp 12" non-glare screen with a full
24 line by 80 column display. Twin RS232C
serial ports - one for the host computer and
one for your printer. Four separate cursor
control keys. A separate 18 key numeric pad.
Keyboard selectable baud rates and operating
modes. And, a host of visual attributes.

No matter which dumb or smart terminal
you're using today, don't buy another until you
check out our new Emulator™. You'll get the

. INTERIEC DATA SYSEMS

performance of four terminals for the price of
one. And you'll probably save hundreds of
dollars over the price you paid for your last
terminal. Plus, you'll get unparalleled relia-
bility, nationwide service and quick delivery.
Call or write us today for all the details.
Intertec terminals are distributed worldwide
and may be available in your area now.

] [ INTE?TEC
SYS[ EMS.

2300 Broad River Rd, Columbia, SC 29210

(803) 798-9100 TWX: 810-666-2115
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ow! North Star
plication Softwarel

North Star now offers application
software for use on the HORIZON!
Now you have one reliable source
for both hardware and software
needs! The first packages avail-
able are:

NorthWord —

NorthWord is a simple-to-operate
word processing system designed
for use with the popular North Star
HORIZON. NorthWord enables you
to increase office efficiency and cut
document typing time and cost.
NorthWord incorporates the most
sought-after word processing fea-
tures: easy editing, on-screen text
formatting, simultaneous document
printing, and much more. NorthWord
can be integrated with other North
Star software packages to produce
customized letters, labels and
reports quickly and efficiently.

MailManager—

MailManager enables you to com-
pile and maintain complete organ-
ized mailing lists. Lists are easily
accessible and can be compiled
with a great deal of flexibility. Entries,
corrections and deletions are easily
made. The North Star MailManager
can print your list on individual enve-
lopes, on mailing labels, or in com-
pact summary form.

InfoManager—

InfoManager is a powerful list-
oriented, data management system.
It will accept up to 50 categories of
information for each record and has
the ability to select and sort before
printing. The North Star InfoManager
has power and flexibility for many
applications: product inquiry, in-
ventory, customer/client records,
calendar reminders, and as an easy
way to fill in often-used forms.

GenerallLedger—

General Ledger and Financial
Reporting, two programs in one,
maintains general ledger accounts
based on such input as checks,
bank deposits and journal entries,
and uses the information in the
general ledger to produce custom-
ized financial statements and
financial reports.

NorthWord is the central building
block for all the North Star applica-
tion software to follow. Packages
now being tested include other
accounting and professional appli-
cation packages. For more informa-
tion or a demonstration, contact
your local North Star dealer.

NorrhSquy‘

North Star Computers, Inc.
1440 Fourth Street
Berkeley, CA 94710

(415) 527-6950
TWX/Telex 910-366-7001




Number Type +5V GND —-12V +12V
MODULATOR SECTION '18; H‘giga i 573
IC3 XR2211 4 1
+5v IC4 CD4011 14 7
Noer IC5 NES67 4 7
5 |C6 LM386 6 4
TR Ic7 LM741 4 7
U 20k 2.2M
RS-232C 4, = 10- TURN POT
DATA ' 03
L 2N2222 39k
1M = 80
V- = SPEAKER
L 1
0.0037F e
- 10k
0.022uF
Q2
2N2222 29K
Ic6
10k LM386 ZZO#F

VOLUME 3 n : 16V
ADJUST
) s

CARRIER DETECT
FROM FIGURE 1A

Figure 1b: Modulator section of the modem circuit in schematic form. The tone frequency for a mark (1270 Hz) is set up by choosing

the proper values for capacitor C2 and adjusting the 20 k-ohm potentiometer. When transistor Q2 gates capacitor C1 in parallel with
C2, the oscillator frequency changes to 1070 Hz.

Capacitor C1 (0.0037 uF) may be formed from a parallel combination of two components, a 0.0015 pF and a 0.0022 uF part. For use
in the answer mode, the proper value for capacitor CI is 0.001 pF, and the value for C2 is 0.01 pF.

If RS-232C communication is not a necessity, transistor Q3 may be omitted from the circuit.

Text continued from page 24:

you need in this instance, has a
1070/1270 Hz modulator and a
2025/2225 Hz demodulator. On stan-
dard dial-up telephone lines the

himself. In the answer mode, the
modulator uses 2025/2225 Hz and the
demodulator uses 1070/1270 Hz.
The choice is arbitrary: either
modem can use originate mode or

acceptable speed limit is 300 bits per
second (bps).

An answer modem is necessary
when someone else calls you and
chooses the originate frequencies for

Photo 4: Apply rubber cement to the outside of the wedge-shaped piece of pipe
insulation.
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answer mode so long as they don't
both use the same mode. Owning an
originate-only modem is not a handi-
cap as long as someone trying to com-
municate with you can set his modem
to the answer mode to accommodate
you.

The modem attaches to the serial
input/output (I/0O) port on the com-
puter. Most serial ports use the RS-
232C protocol, and most commercial
modems also use RS-232C. While
there are various handshaking
requirements listed in the complete
RS-232 specification, for the most
part handshaking is ignored in simple
full-duplex modem applications.
Usually the only signals required for
operation, beyond the data itself, are
Carrier Detect and Data Set Ready.

Build Your Own Originate
Modem
Gaining the capability to dial up a
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Figure 2: Block diagram of the originate-only modem presented in this article. The blocks marked with asterisks (*) indicate the com-
ponents that provide RS-232C compatibility; these may be left out of the circuit if RS-232 communication is not needed.

national timesharing network or
phone any of a hundred computer-
information services on your per-
sonal computer is a significant
milestone. When connected to these
systems, you go beyond the hardware
limits of the personal computer and
instantly add large-computer
capabilities. Figure 1 is the schematic
diagram of a 0-to-300 bps originate
modem which meets all the
requirements for communicating with
these systems. The prototype is
shown in photo 1, mounted under the

top cover of the COMM-80
serial/parallel interface.

There are two kinds of modems:
direct-connect and acoustic-coupled.
The former type requires attachment
to the telephone wires through a data-
coupler transformer. The latter type,
the use of which has fewer legal
strings attached, employs an acoustic
coupler. This is nothing more than a
speaker and microphone that sit
under the mouthpiece and earpiece of
the telephone handset. The speaker
transmits the modem'’s output tones

Photo 5: Adding pliable material to produce a tight fit around the phone handset. |
found a plastic placemat at a discount store with a Y-inch foam backing that was
perfect. Cut a strip 1% by 8 inches and glue this around the outside of the wedge as
shown. Trim to the exact circumference and cover with a strip of fabric adhesive tape.
The latter helps hold everything together.
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into the telephone, and the
microphone listens for the other ter-
minal’s response.

Modems vary in complexity. Fif-
teen years ago they were very expen-
sive and contained many discrete,
precision components, including
many toroidal inductors for the filter
circuits. Photo 2 shows, on the right,
an old Anderson-Jacobson modem.
Newer technology is shown on the
left: the Novation Cat, which is prob-
ably the most popular acoustic
modem around. The reduction in size
is accomplished through integrated-
circuit technology.

Figure 2 is a block diagram of the
modem circuit in figure 1. The design
I am presenting takes advantage of
advanced technology and uses only
six integrated circuits for the com-
plete modem. Two additional RS-
232-converter devices can be added if
RS-232C interfacing is required.

The modem is divided into two sec-
tions: modulator and demodulator. It
also features carrier detection and
automatic muting. A light emitting
diode (LED) lights to signify that the
answering modem is on the line and
connected when the 2025 Hz tone (the
“carrier”’) is detected on the line. A
signal generated upon detection of the
carrier automatically enables the
modulator output (of the 1070 Hz
tone) in response. Without this fea-
ture, the 1070 Hz tone would be blar-
ing out of the speaker continuously.

The modulator section of figure 1b
is not very difficult to understand.
Tone decoder IC5 (an NES567 device)
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The easiest, least expensive way to generate
spectacular multi-color graphics, sharp two-color alphanumerics:
Your computer, a color tv set and the Percom Electric Crayon™.

Add the Electric Crayon™ to your
system and your keyboard be-
comes a palette, the tv screen
your medium.

You dab and stroke using one-
key commands to create dazzling
full-color drawings, eye-catching
charts and diagrams.

Or you run any of innumerable
programs. Your own BASIC lan-
guage programs that generate
dynamic pyrotechnic images,
laugh-provoking animations.

From a combined alphanu-
merics-semigraphics mode to a
high resolution 256- by 192-
element full graphics mode, the
microprocessor-controlled Electric
Crayon™ js capable of generating
10 distinctly different display
modes.

Colors are brilliant and true, and
up to eight are available depend-
ing on the mode.

As shipped, the Electric Crayon™
interfaces a TRS-80* computer via
your Expansion Interface or Printer

PERCOM

PERCOM DATA COMPANY, INC
211 N KIRBY GARLAND. TEXAS 75042
(214) 272-3421

Circle 18 on inquiry card.

Adapter. It may be easily adapted
for interfacing to any computer or to
anordinary parallel ASClIl keyboard.

But that’s not all

The Electric Crayon is not just a
lcolor graphics generator/control-
er.

It is also a complete self-
contained control computer. With
built-in provision for 1K-byte of
on-board program RAM, an
EPROM chip for extending EGOS™
its on-board ROM graphics OS,
and a dual bidirectional eight-bit
port — over and above the com-
puter/keyboard port — for
peripherals. The applications are
endless.

Shipped with EGOS™ 1K-byte of
display memory and a com-
prehensive user’'s manual that in-
cludes an assembly language list-
ing of EGOS™ and listings of
BASIC demo programs, the Elec-
tric Crayon™ costs only $249.95.

™ = trademark of Percom Data Company, Inc.

Options include:
e | EVEL Il BASIC color
graphics programs on
minidiskette: $17.95.
e A 34-conductor ribbon
cable to interconnect the Elec-
tric Crayon™ to a TRS-80*:
$24.95.
e RAM chips for adding re-
fresh memory for higher den-
sity graphics modes: $29.95
per K-byte.
o) Elllefcitiniic EGiralyioin M
Sketchpad, a sketching grid
of proportioned picture ele-
ments (pixels) in a tv aspect
ratio. For 128 x 192 or 256 x
192 graphics modes. 11-inch
by 17-inch, 25-sheet pads:
$3.95 per pad.

SYSTEM REQUIREMENTS: the video cir-
cuitry of the Electric Crayon™ provides di-
rect drive input to a video monitor or mod-
ified tv set. An internal up-modulator for rf
antenna input may be constructed by add-
ing inexpensive components to the existing
video circuitry.

Prices and specifications subject to change without notice.

* = trademark of Tandy Radio Shack Corporation which has no relationship to Percom Data Company.

Get into computer color graphics the easy, low-cost way with a Per-
com Electric Crayon™. Available at Percom dealers nationwide. Call
toll-free, 1-800-527-1592, for the address of your nearest dealer,
or to order direct if there is no Percom dealer in your area.
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R1 c
E\N —
R2
BANDWIDTH  B=2/R3C
GAIN G=-R3/2R;
Q FACTOR Q=fo/B

CENTER FREQ. w2=1/R3C%(1/Ry+1/R2)

FOR: Ry=6.2k Rp=510Q R3=120k C=0.01puF

CALCULATED PARAMETERS:
B=265 Hz
G=-9.7
Q=8
fo=2117Hz

—{ > Equt

wo=2Tfg

AMPLITUDE

TYPICAL BANDPASS FILTER
RESPONSE CURVE

|
0 Wo @©

FREQUENCY

FOR AN ANSWER MODEM WITH

fo=1170 Hz USE:
Ry=11k
Ry=910Q
R3=220k
C=0.01pF

Figure 3: The multiple-feedback, second-order bandpass filter: schematic diagram, response curve, and parameter-value calculation

for given center-of-passband frequency.

is configured as a very stable current-
controlled triangular-wave oscillator.
The space frequency (1270 Hz) is
determined by the setting of the 20
k-ohm 10-turn potentiometer and
capacitor C2. In response to a logic 1
input (inverted from logic 0 by IC4c)
transistor Q2 gates capacitor C1 in
parallel with C2. The oscillator fre-
quency will now be 1070 Hz. This 567

oscillator, while very stable, has a
high-impedance output. One section
of the CD4011 NAND gate (IC4d) is
used as a high-impedance linear
amplifier to match the output of
IC5 to the 50 k-ohm impedance in-
put of IC6, the LM386 amplifier.
Also connected to pin 13 of
the CD4011 is the carrier-detect
signal, which mutes the tone output

Photo 6: Insert the speaker into the hole and align it with the angle of the foam wedge.
In the unit shown, I used a black broad-tip marker to darken the white surfaces on the

inside.
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when no 2025 Hz carrier is being
received.

The demodulator section of figure
1a is more complicated and accounts
for the major expense in a modem. In
an acoustic demodulator there are
three basic sections: preamplifier,
bandpass filter, and demodulator.
Either a crystal microphone or a stan-
dard 8-ohm speaker (the latter of
which is really about the same thing
as a dynamic microphone) can be
used with this circuit.

The output of the speaker/mike is
amplified by IC1, an LM741. You
may not need the gain provided by
this circuit (22X) if you're using a
crystal mike. In that case you should
eliminate IC1 and the 10 k-ohm and
220 k-ohm resistors, and feed the
microphone output directly to the
6.2 k-ohm resistor leading to IC2. In
either case, the signals acquired by
the mike are sent through a sharp
bandpass filter which passes only
signals between 2000 Hz and 2250 Hz.

We use an MC1458 operational
amplifier (IC2) to construct a
multiple-feedback, second-order
bandpass filter. IC2 is configured as
two such elements, cascaded to
improve response. The mathematical
calculations behind component selec-
tion in this type of filter are outlined
in figure 3. The objective is to pro-



- $7-95*

NEW WIRE-WRAPPING TOOL DOES ALL 'W's
The new WSU-30M “Hobby Wrap" tool performs the complete wire-wrapping U- 3OM

function. First, the tool wraps 30 AWG(0,26mm) wire onto standard .026 inch
(0.6mm) square DIP Socket Posts. In addition, the tool also unwraps and,
finally, it strips 30 AWG wire nick-free.
WSU-30M makes a “modified” style of wrap, in which approximately 14 turns
ofinsulated wireare wrapped in addition to the bare wire for purposes ofadded
mechanical stability. Designed for the serious amateur, the WSU-30M features
compact,all metal construction for years of dependable gservice.
This unique tool is remarkable value performing the work of three separate
tools at a fraction of the cost.

Wrap

WIRE WRAPPING-STRIPPING-UNWRAPPING TOOL
The compact, inexpensive WSU-30 “Hobby Wrap” Tool does the job of three

WSU_ 3 tools at a fraction of their comparable prices. The tool wraps, unwraps, and
even strips wire thanks to a unique built-in stripping blade. Designed for use

* with 30 AWG(0,28mm) wire on standard .0R5 inch(0,6mm) DIP Socket Posts.
6 ] 95 Takes minutes to learn to use; makes perfect connections in seconds without
solder.
OK Machine & Tool Corporation

3455 Conner St., Bronx,N.Y. 10475 U.S.A.
Tel.(R12) 994-6600 Telex 125091

*Minimum billings $25.00, add shipping charge $2.00
New York State residents add applicable tax
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™ PHASE DETECT
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4
QUAD

PHASE DETECT

.’.
LOCK-DETECT
OUTPUTS

ORIGINATE MODEM
f =2025 Hz
fp=2225Hz

R1=200k

RO=18k

C1=0.0047pF

CF=0.005uF

C0=0.022uF

0.1uF 3

P

470k

> 5
Q

ANSWER MODEM
f1=1070 Hz
fp=1270 Hz

R1=100k

RO =18k

C1=0.01pF

CF=0.005uF

C0=0.039uF

Figure 4: Block diagram of the XR2211 phase-locked loop component, which is IC3 in figure 1a. Appropriate component values for

the two modem modes are shown.

duce a filter with a center-of-
passband frequency midway between
2025 Hz and 2225 Hz, with a band-
width wide enough to allow these two
frequencies to pass easily but reject
everything else. The computed filter
has a center frequency of 2117 Hz, a
total gain factor of about 95, and a

bandwidth of 300 Hz. When the
telephone handset is inserted in the
coupler, nothing is passed except the
tones we want.

The output of the filter is sent to
IC3, which is an XR2211 monolithic
phase-locked loop (PLL) especially
designed for FSK data communica-

Photo 7: Cutting the grill cloth. The stiff canvas used for needlepointing is ideal. Cut a
circular piece and fit it to cover the speaker.
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tion by Exar Integrated Systems.
Figure 4 presents a block diagram of
this device with pertinent external
component selection.

A phase-locked loop is basically an
electronic servo loop consisting of a
phase detector, a low-pass filter, and
a voltage-controlled oscillator
(VCO). Its function is to synchronize
its own oscillator to the incoming
signal. If the incoming signal changes,
the phase-detector output changes
correspondingly to adjust the VCO to
track the signal. In the XR2211, if the
signal amplitude at the locked fre-
quency is above a minimal value, the
FSK comparator signifies this condi-
tion with a binary 1 output. The
XR2211 can accommodate analog
input signals between 2 mV and 3 V.

As shown in figure 1, the com-
ponents are chosen for originate fre-
quencies, and the XR2211 is powered
by +12 V. (The specification says
anything between +4.5 V and
+20 V is acceptable, but +5 V is
marginal in my experience.)

Alignment is simply a case of
adjusting the 5 k-ohm potentiometer
(R4). With a 2225 Hz signal applied
to the microphone input, adjust R4
until pin 7 of IC3 goes low. Changing
the input frequency to 2025 Hz

Circle 20 on inquiry card. =
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At any given time, your hardware is

only as useful as the software you insert in it.

So it pays to rely on Graham-Dorian,
the software that gets your micro performing
to its fullest — almost like a mini.

Graham-Dorian, the industry leader,
offers highly detailed and well-documented
programs. All pretested on the job. Each so
comprehensive that it takes little time to
learn to run a program — even for someone
who’s never operated a computer before.

Programs are compatible with most
major computers using CP/M disk operating
systems, and come in standard 8" or on
various mini-floppy disks. Each package
contains the software program in INT and
BAS file form plus a user’s manual and hard
copy source listing. Graham-Dorian stands

behind dealers with technical advice.

Yes, there’s a world of difference in
business software. Graham-Dorian has more
per-package capabilities and more packages.
(With new ones added every few months.)

~

Medical
Dental
Surveying
Inventory
Payroll

 Apartment Management

Construction Job Costing
Accounts Receivable
Accounts Payable
General Ledger

Cash Register

CBASIC-2

Ask your dealer for a demonstration soon.

Graham-Dorian
Software Systems, Inc.
211 North Broadway / Wichita, KS 67202 / (316) 265-8633




(one-shot). Either tone (considered
the carrier in this case) has to be pre-
sent for at least 1 second to trigger the
circuit into operation, allow data to
flow from the modem to the terminal,
and turn on the modulator amplifier.

IC7 and Q3 are added for RS-232C
interfacing. If RS-232C communica-
tion is not a requirement, then these
parts can be eliminated. Using the
CD4011 (IC4b), the circuit can direct-
ly drive one low-power Schottky (LS)
transistor-transistor logic (TTL) input
load. A CD4049 inverting buffer or
CD4050 buffer can be added to drive
more input loads if necessary.

tion. It is connected to one section of
CD4011. This circuit is a
1-second-on/2-second-off delayed-
trigger monostable multivibrator

should make this pin go high.

In addition to the FSK output on the
pin 7, there is a lock-detect output on
pin 5, used to denote carrier detec-

Construction Hints

We are dealing with high
impedances and critical capacitances
in this modem circuit. Layout should
: be compact, and Mylar or
.+ polystyrene capacitors should be used
where indicated. Shielded cable
should be used between the
microphone and the modem board to
reduce electrical-noise interference.

The acoustic coupler can be sal-
vaged from an old modem, such as
Anderson-Jacobson unit

Photo 8: The final assembly can be spray-painted black as I have done, but this is not
necessary. Caution: some paints act as solvents on foam and will produce a sticky mess.
Test a small sample before spraying the whole unit, and don't spray the speaker cone. the

32K BYTE MEMORY
RELIABLE/COST EFFECTIVE EXPANDABLE RAM FOR

16K MEMORY EXPANSION KIT

36

64K BYTE EXPANDABLE RAM
DYNAMIC RAM WITH ON BOARD TRANSPARENT
REFRESH GUARANTEED TO OPERATE IN
NORTHSTAR, CROMEMCO, VECTOR GRAPHICS,
SOL, AND OTHER 8080 OR Z-80 BASED S100
SYSTEMS »4MHZ Z-80 WITHNO WAITSTATES.
SELECTABLE AND DESELECTABLE IN 4K
INCREMENTS ON 4K ADDRESS BOUNDARIES.
LOW POWER—B8 WATTS MAXIMUM.
200NSEC 4116 RAMS.
FULL DOCUMENTATION.
ASSEMBLED AND TESTED BOARDS ARE
GUARANTEED FOR ONE YEAR AND
PURCHASE PRICE IS FULLY REFUNDABLE IF
BOARD IS RETURNED UNDAMAGED WITHIN
14 DAYS.
ASSEMBLED /
TESTED
64KRAM
48K RAM.. .. ... $520.00
.. $459.00
§389.00

S100 MAINFRAME
AND CARD CAGE

* W/ SOLID FRONT PANEL $239.00
* W/ CUTOUTS FOR 2 MINI-FLOPPIES $239.00
= 30 AMP POWER SUPPLY $119.00

*8 SLOT MOTHERBOARD oo $140.00
19 SLOT MOTHERBOARD....... _$199.00
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ONLY $59

FOR APPLE, TRS-80 KEYBOARD, EXIDY,
AND ALL OTHER 16K DYNAMIC SYS-
TEMS USING MK4116-3 OR SLOWER
DEVICES.

200 NSEC ACCESS, 375 NSEC CYCLE

BURNED-IN AND FULLY TESTED

1 YR. PARTS REPLACEMENT

GUARANTEE

QTY. DISCOUNTS AVAILABLE

VISTA V-200 MINI-FLOPPY SYSTEM
* S100 DOUBLE DENSITY CONTROLLER
* 204 KBYTE CAPACITY FLOPPY DISK
DRIVE WITH CASE & POWER SUPPLY
* MODIFIED CPM OPERATING SYSTEM
WITH EXTENDED BﬁASSIC

$695.00
* EXTRA DRIVE, CASE & POWER SUPPLY
§395.00

E T ([
COMPUTER  DEVICES

1230 W.COLLINS AVE.
ORANGE, CA 92668
(714) 633-7280

Calif. residents please add 6% sales tax. Mastercharge
& Visa accepted. Please allow 14 days for checks to
clear bank. Phone orders welcome. Shipping charges
will be added to all shipments.

6502 AND GBOO SYSTEM—AIM 65-“KIM*SYM*PET*S44-BUS
PLUG COMPATIBLE WITH THE AIM-65/SYM EXPANSION
CONNECTOR BY USING A RIGHT ANGLE CONNECTOR
gSOL;!\PPLIED) MOUNTED ON THE BACK OF THE MEMORY

MEMORY BOARD EDGE CONNECTOR PLUGS INTO THE
6800 S 44 BUS.

CONNECTS TO PET OR KIM USING AN ADAPTOR CABLE.
RELIABLE—DYNAMIC RAM WITH ON BCARD INVISIBLE
REFRESH—LOOKS LIKE STATIC MEMORY BUT AT
LOWER COST AND A FRACTION OF THE POWER
REQUIRED FOR STATIC BOARDS.

USES +5V ONLY, SUPPLIED FROM HOST COMPUTER
FULL DOCUMENTATION. ASSEMBLED AND TESTED
BOARDS ARE GUARANTEED FOR ONE YEAR AND
PURCHASE PRICE IS FULLY REFUNDABLE IF BOARD IS
RETURNED UNDAMAGED WITHIN 14 DAYS.

ASSEMBLED WITH 32K RAM erimnacriateriene e SO 00
WITH 16K RAM ..$340.00
TESTED WITHOUT RAM CHIPS . — 1111}
HARD TO GET PARTS (NO RAM CHIPS)
WITH BOARD AND MANUAL .......$109.00
BARE BOARD & MANUAL : :

PET INTERFACE KIT—CONNECTS THE 32K RAM BOARD TO
A 4K OR 8K PET. CONTAINS: INTERFACE CABLE, BOARD
STANDOFFS, POWER SUPPLY MODIFICATION KIT AND
COMPLETE INSTRUCTIONS. ... .$49.00

U.S. PRICES ONLY



For years many small business system buyers
thought that in order to get “real” performance
and enough storage to be a “real” business system
they would have to sacrifice the family jewels.

But with the introduction of the Smoke Signal
Chieftain series office computers a lot of people’s
minds have been changed.

Because we designed the highly reliable
Chieftain small business system with the most
innovative combination of performance and effi-
ciency around.

At your fingertips there are 64,000 characters
of random access memory and you can address
anywhere from 740,000 characters to 2 million
characters with Smoke Signals’s new double den-
sity controller. For larger concerns, there’s a 20M
byte hard disk available.

At atime when other small computer manu-
facturers tell you “you’re on your own”, Smoke
Signal offers an abundance of easy-to-use software
programs such as order entry, inventory control,

b

accounts receivable, invoice entry, payroll, word
processing and much, much more. There’s BASIC,
COBOL and FORTRAN — even a multi-user BOS
(Business Operating System) that allows for
numerous users simultaneously.

Chieftain systems
starting at under $200.00
per month display per-
formance on par with sys-
tems costing twice to
three times as much.

So call (213) 889-9340
for your nearest autho- & 2
rized Smoke Signal dealer — he 11 be glad to
demonstrate the Chieftain’s high reliability and
ease of operation. For dealers only, circle 22

All other inquiries, circle 21

31336 Via Colinas, Westlake Vxllaxze California 91361, (213) 889-9340
S
/"s
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OPTIMIZED SYSTEMS
SOFTWARE

PRESENTS

CONTROL PROGRAM/APPLE
the DOS you have been waiting for

0SS CP/A is an all new, disk-based
operating system which provides
commands and utilities similar to
CP/M®. CP/A has byte and block /O, a
simple assembly language interface,
and direct access via Note and Point.
And it's easy to add your own com-
mands or device handlers. CP/A is
expandable, flexible, consistent,
easy-to-use and available now with
compatible program products:

BASIC — Some of the features of OSS
BASIC are syntax checking on program
entry, true decimal arithmetic (great for
money applications), 32K byte string sizes,
flexible 1/O, long variable names (up to 255
significant characters), and the ability to get
and put single bytes.

BUSINESS BASIC WITH PRINT USING —
This is virtually the only basic available on
the Apple that has PRINT USING. It also
has record |/O statements and all the
features of our standard BASIC.

EDITOR/ASSEMBLER/DEBUG — 0SS
EASMD is a total machine language de-
velopment package. The editor provides
functions like FIND, REPLACE, etc. The
assembler uses standard 6502 mnemon-
ics, can include multiple files in one assem-
bly, and can place the object code in
memory or to a disk file.

Prices of CP/A with:

BASIC#: & i s SH $ 69.95
Business BASIC .............. 84.95
EASMD ey el o e e 69.95
BASIC + EASMD ............. 109.95
Business BASIC + EASMD .... 124.95

Requires 48K RAM and DISK

Add $3.50 for shipping and handling in continental USA.
California residents add 6%. VISA/Master Charge wel-
come. Personal checks require two weeks to clear.

SEE YOUR DEALER or ORDER TODAY

OPTIMIZED SYSTEMS SOFTWARE
is a product of

Shepardson Microsystems, Inc.
20395 Pacifica Dr., Suite 108B
Cupertino, CA 95014
(408) 257-9900

$20.00), purchased from the source I
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Photo 9: With the production of two of the speaker assemblies | have described, we are
in business. The one wired to the microphone input of the modem should be placed
under the earpiece of the phone, and the one designated as the modem output speaker
against the telephone mouthpiece. Dial your favorite computer, place the handset in the
coupler, and when you see the carrier-detect indicator light, you are ready to go.

\beucion the SLEDL griarket for Readers who wish to obtain the

: t llowing:
listed, or you can make one from fiadentiiay iRt e Bug

readily available materials which cost .
virtually nothing.

Photos 3 thru 9 illustrate the con-
struction of an acoustic coupler. Both
the transmitter and receiver use a
2-inch Radio Shack 8-ohm speaker
and such “exotic” materials as foam
pipe insulation, a plastic placemat,
needlepoint canvas, and rubber
cement.

When you are through building the
coupler, connect it to the modem cir-
cuit and dial your favorite timeshar-
ing system. When the telephone con-
nection has been made and you hear

complete kit of
integrated circuits and
components as shown in
figures la and 1b, a
printed-circuit board,
and directions for
assembly—$39.95

® two commercially made
rubber cushions designed
to fit 2-inch speakers, for
use in acoustic couplers
and two  2-inch
speakers—$12.95

® this modem is available
combined with the

the tone, place the handset into the i :
coupler. The carrier-detect LED gacr)all\?ellw iitoerfacseer(l]z;lqz
Z}:giun]gss CERLSanen, e Circuit Cellar) and called

the ‘‘chatter box.
Assembled and tested
with software—$259.95

If you succeed in building the
modem and use it to call The Source,
send me a message describing your
effort. My user-identification number

is TCE317. Order these from:

The MicroMint Inc
917 Midway
Woodmere NY 11598
(516) 374-6793

Next Month: A simple remote data-
entry terminal for use in home con-
trol applications.

Please add $2 for shipping and
handling. New York residents
please add 7% sales tax.
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- every smarTt
compuTter neebs an
SD SYsTems HeadrTt.

We design and manufacture a complete line of in-
dustry compatible microcomputer boards and kits
that can serve as the heart of your system. All are S-
100 Bus compatible and use the Z80 microprocessor.

MPC-4 —This SD Systems exclusive is a multi port
controller which uses the Z80 for multi-user opera-
tions offering four serial RS-232 1/0 channels.

SBC 100200 —A 2.5/4 megahertz range of single
board computers which are effective standing alone
or combined with the complete SD board range.

ExpandoRAM I/ll —For use with 250/200 nanosec-
ond RAM, these high density boards offer 16 to 64K
memory; the ExpandoRAM Il can achieve RAM ca-

pacities up to 256K using 64K chips.

Versafloppy I/ll —A floppy disk controller for up to
four drives, supporting single/double density and
single/double-sided disk formats.

VDB-8024 —A full function visual display board with
a Z80 controller that adds display capabilities to
your system.

Prom 100 — A specialty board of SD Systems which
allows you to program 2708/2716/2732 proms.

Z-80 Starter Kit —A low-cost entry into the world of

microcomputers designed prlmarlly for education
and experimentation.

"'tull-lqvg-

;. Iﬂr“;ﬁ!

-k oo

RO. Box 28810 + Dallas, Texas 75228 « 214-271-4667 » Telex 6829016

NOW YOU CAN SAVE $25 PER BOARD*
when you purchase any SD Systems microcomputer
board from participating SD Systems dealers listed
below. *Offer expires 10/31/80

ADVANCED COMPUTER FUTURE ELECTRONICS

PRODUCTS, INC. Natick MA = 617-237-6340
Irvine CA « 714-558-8813

JADE COMPUTER
ANCRONA PRODUCTS
Culver City CA - 213-641-4064 Hawthorne CA + 800-421-5500
COMPUTER CITY
Charlestown MA - 800-343-6652 MINI MICRO MART
or 617-242-3350 Syracuse NY = 315-422-4467
THE COMPUTER MART PRIORITY ONE
Waltham MA - 617-899-4540 Sepulveda CA - 800-423-5633 or
COMPUTER PRODUCTS Sleriani
STORES S-100

Springfield IL » 217-528-0027

CUSHMAN ASSOCIATES
Wilmington DE + 302-995-6733 Q.T. COMPUTER

Clark NJ - 201-382-1318

SYSTEMS, INC.
DAL-COMP Lawndale CA + 800-421-5150
Dallas TX = 214-350-6895 (ex. CA) or 213-970-0952

For complete product information, send for SD Systems' board and kit
brochure (BK-101).

1



Product Review

The Ohio Scientific CA-15 Universal
Telephone Interface

Gregg Williams, Editor

Imagine the following scenario: a businessman in San
Francisco calls his office in Boston. The phone rings four
times, then a metallic voice answers.

“Hello,” it says, “this is the message service of Morell
Pharmaceuticals. If you wish to leave your number,
please type it in using your push-button phone. Thank
you.

Since the man calling is John Morell, the owner, he
knows he can type in a special access code. He types in
999 on the Touch Tone phone. The computer on the
other end of the line recognizes this sequence.

“Business status,” the metallic voice answers. “Zones 1
thru 8 secure—no intruders. Zones 1 thru 8 report no fire
alarms. Do you wish messages?”

Mr Morell types in 9, which stands for yes.

“You had three calls. Mr Morse called at 6:04 PM. Ms
Morell called at 7:40 PM. Unidentified caller, phone
555-1501, called at 7:51 PM. Do you wish controls?”

Mr Morell types in another yes.

“Operation?” the computer asks. Mr Morell presses the
buttons for the digits 0 and 2.

“Office lights on. Time to turn off?” the computer asks.
Mr Morell presses the buttons 1, 0, 4, and 5, instructing
the computer to turn the lights off at 10:45 that night.

“Another command?” Mr Morell types in a 6, which
stands for no.

“Thank you. Good night,” the computer voice says,
then hangs up.

Is this another computer user’s fantasy? (After all, we
know that computers cannot do useful things like start
coffee in the morning or water the lawn.) No, the above
scene is entirely possible. In fact, I have seen a scaled-
down demonstration similar to the above during a recent
trip to Ohio Scientific to see its new CA-15 universal
telephone interface (UTI).

Description

The CA-15 universal telephone interface (shown in
photo 1) is a one-board peripheral device that will fit in
any Model C8P, C2-8P, C2-OEM, or C3-series Ohio
Scientific computer. The internal organization of the

Touch Tone is a registered trademark of the Bell
Telephone System for its dual-tone, multiple-
frequency signaling system.
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Photo 1: The CA-15 universal telephone interface board, shown
with its optional Votrax voice synthesis module.

Photo 2: Rear panel of an Ohio Scientific C8P computer, show-
ing connections from the CA-15 universal telephone interface to
outside components. The board connects to a CBT-type data
coupler through the DB-15 connector (the small gold-colored
connector in the center of the back panel). Other connections
are made through the six phono jacks in the upper right-hand
corner of the back panel. The jacks, listed in row order from left
to right, are: cassette-recorder on/off control, phone-line
monitor output, Votrax output (if used), cassette-player on/off
control, cassette-player input, and auxiliary input.
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Little Impact.

Meet the IMPs. A pair of stylish 3V2 inch high

impact printers that will look great on any deslks.

Styled for desk top use, these sleek units stand just 32
inches high, yet the unique fan-cooled printing system
can knock out 80, 96 or 132 columns of crisp hardcopy
with continuous throughput of one line per second.

A winning pair. IMP-1, with friction feed, can make
multi-copies on plain 8Y2 inch wide paper, or on teletype
rolls. In addition, IMP-2 has tractor feed and full forms
control, with tractors adjustable from 1inch to 92 inches.

Interfaces abound. All IMPs have Centronics parallel
and RS232C/20mA serial inputs as standard equipment.
But if you need something different, then we make
interfaces for just about any system — high speed serial,
Apple, Pet, TRS-80, IEEE 488...

Versatile, too. 96 ASCI| character set is standard. And
you can select 6 character sizes, even graphics, under
software control. Options include 2K buffering and
special character sets.

Service — a big difference. No other printer
manufacturer offers Axiom's combination of low cost and
nation-wide service and distribution — in the USA and
eighteen overseas countries.

Pssst — the price!!! It's low. $695 for IMP-1. $795 for
IMP-2. And that's the single unit price.

Better phone, write or mail the bingo card today!

AXIOM

AXIOM CORPORATION

5932 San Fernando Road, Glendale, CA 91202

Tel: (213) 245-9244 - TWX: 910-497-2283
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Figure 1: Block diagram of the CA-15 universal telephone-interface board. The boxes inside the dotted lines ‘*
are part of the interface board (shown in photo 1). The unshaded boxes are external equipment that must be PHONE LINE

supplied by the user, with the exception of the Votrax module and amplifier (both marked with an asterisk),

which are optionally supplied with the interface board.

board is shown in figure 1.
The CA-15 interface can:

® Initiate either Touch Tone or rotary pulse dial-
ing of telephone numbers of any length.

® Use Touch Tone dialing to transmit numeric and
control data.

® Sense a phone line ringing (on an incoming call)
or a busy signal (on an outgoing call).

® Answer incoming calls and disconnect outgoing
calls.

® Act as a 300 bits per second (bps) originate-or-
answer modem.

® Play a prerecorded message from an external
cassette player onto the phone line.

® Record a voice message onto an external cassette
recorder.

® Place audio information (eg: computer-generated
music from a digital-to-analog converter) on the
phone line from an auxiliary input device.

® Optionally, speak using a computer-controlled
Votrax speech synthesizer.

The CA-15 interfaces to the outside world via seven
output jacks, as shown in photo 2. The board connects to
a dedicated (ie: not used for any other purposes)
telephone line through a CBT-type data coupler, which
can be purchased from Ohio Scientific or rented from the
telephone company. The data coupler is necessary to
make a reliable, safe, and legal connection between a
computer and the telephone line.

The universal telephone-interface board connects to
the external data coupler through a DB-15 connector (the
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small gold connector in the center of the C8P rear panel
shown in photo 2). The remaining six connections are
made through the two rows of three jacks each in the up-
per right-hand corner of the computer’s backplane. The
jacks, listed in row order from left to right, are: cassette-
recorder on/off control, phone-line-monitor output,
Votrax output (if used), cassette-player on/off control,
cassette-player input, and auxiliary input.

In keeping with Ohio Scientific’'s “hardware-first”
orientation, the interface is controlled through examining
and writing to (PEEKing and POKEing, in BASIC) cer-
tain memory locations. For example, to dial the three
digits 6, 0, 3 (after initializing the interface board), we ex-
ecute the BASIC instructions:

POKE 63494,189
POKE 63494,215
POKE 63494,190

The documentation supplied with the CA-15 universal
telephone interface includes complete instructions that
detail manipulation of the interface through reading and
writing the appropriate memory locations.

Commentary

Coupled to the security and home-control options
available in the Ohio Scientific line of computers, the
CA-15 universal telephone interface is the link that ex-
tends the influence of a computer beyond its immediate
environment. This extended environment includes any
point within reach of the existing telephone network.
With the Ohio Scientific AC-12P wireless remote-control
option, the CA-15 interface can control home appliances



INTRODUCING HP-85.

A NEW WORLD OF

Imagine the new world
that would unfold before
you if you had a powerful,
portable, completely
integrated computer sys-
tem at your personal
disposal. And at an afford-
able price. That's exactly
what Hewlett-Packard has
just created.

THE HP-85:

A PERSONAL
COMPUTER FOR
PROFESSIONALS.

At the lab, on your desk
or in your study this
20-pound, self-contained
system provides pro-
fessional computing power
when and where you
need it. That means no
more waiting for data
to be remotely processed
and returned.

A COMPLETE
COMPUTER SYSTEM
IN ONE SMALL
PACKAGE.
You get all this in the
HP-85:
Interactive graphics under
keyboard control.
16K RAM Memory
standard.
Standard typewriter key-
board with separate

o PR 1% P P, P o, |
GO

numeric key pad and eight
user-definable special
function keys.

High resolution CRT display with
powerful editing capability.
Built-in thermal printer produces a

hard copy of the display on command.

Built-in tape cartridge drive.
Each cartridge provides 217K bytes
of storage capacity.

Operating system and BASIC lan-
guage, permanently stored in ROM.
A SOPHISTICATED
COMPUTER AT
YOUR FINGERTIPS.
Hewlett-Packard has combined
these sophisticated capabilities with

advanced design to give you a
system that is easy to use yet uncom-
promised in its power.

A key to this achievement is
Hewlett-Packard’s choice of BASIC
for the HP-85’s language. The
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HP-85 has more than 150 commands
and statements to let you solve
your problems swiftly and easily.

In addition, sixteen graphic com-
mands have been added to the
HP-85's extended BASIC to give you
easy control of its amazingly
versatile graphic capabilities.

DESIGNED FOR TODAY
AND TOMORROW.

Whether you're in science,
engineering, industry or business,
the HP-85 you need today can
easily be expanded or customized to
meet your needs tomorrow.

You can double RAM capacity to
32K or expand ROM firmware
to 80K with optional modules that
plug right into the HP-85.

D

PERSONAL-PROFESSIONAL
COMPUTATION.

You can enhance the
system’s capability by
adding powerful HP
peripherals like a high-
speed, full-width line
printer, full-size plotter, or
flexible disc drives.

And HP Application
Pacs offer preprogrammed
solutions in a wide
variety of disciplines on
prerecorded magnetic
tape cartridges.

So, when you buy the
HP-85, you're not just
buying a computer system,
you're buying the con-
fidence that the Hewlett-
Packard name brings
and the knowlege that the
HP-85 can expand with
your changing needs.

For the address of your
nearest HP dealer, CALL
TOLL-FREE 800-547-3400
except from Hawaii
or Alaska. In Oregon, call
758-1010. For details
on the HP-85, send the
attached coupon, or write:
Hewlett-Packard,

1000 N.E. Circle Blvd.,
Corvallis, OR 97330,
Dept. 276C

HEWLETT
PACKARD

619/26

HEWLETT-PACKARD
Dept. 276C

1000 N.E. Circle Blvd.
Corvallis, OR 97330

Please send details on HP-85.

NAME

TITLE

COMPANY.

ADDRESS

CITY.
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iImproved!

POSTMASTE=

Tomorrow’s
mail system.

Today.

One package does it ALL. Teratek’s
Postmaster offers the most powerful and flexible
mail-management system available for any
CP/M or compatible derivative capable of running
CBASIC Il, now including Apple Il.

Menu Driven.

Up to 250K Records Per
File Name.

Up to 16 Drives Supported.
9 Digit Zip Code Supported.

Batch Entry: Entering names
and addresses to a mailing
list is simple. Repeated
elements of a record need
only be entered once.

Powerful Record Extraction:
Used in conjunction with the
Optional Reference Field,
this feature allows simple
creation of user specified
“target-files”

Dedicated Record Editor: List,
modify or delete records.
Allows intact or extracted
backup of original file.

Automatic “ID” Field
Insertion: (optional) Key in a
name, and a unique 10 char-
acter record identifier will be
entered automatically to the
Reference area. !
Envelopes: Postmaster pre-
pares single or continuous
envelopes.

Mailing Labels: Standard or
user-specified formats up to
five across. Any number of
labels per name.

Prices reflect distribution on 8" single density diskettes.
Il'a format is requested which requires additional diskettes,

Translator Program NAD
to Postmaster Provided as
Full Source.

Form Letters: Supports
courtesy titles, nicknames,
single page or continuous
form. Optional text or saluta-
tion inserts in any letter.
Dedicated Record Sorting.

Attractive Reports: Neat,
paginated reports on either
80 or 132 column paper.
Clear, Complete
Documentation.

Quality That’s Affordable and
Available: The Postmaster
programs are available in a
variety of 5" and 8" disk for-
mats (40k of RAM, CP/M and
CBASIC2 are required).
Among the formats sup-
ported are TRS-80, North Star,
Heath H8 and H89, standard
8" IBM, Vector MZ and other
CPIM derivatives capable of
running CBASIC.

Sample Data Files Included.
Powerful Yet Easy to Use.
All Output Programs Provided

as Full Source.
It’s terrific!

We use it ourselves!

COMPLETE
PACKAGE:

a surcharge of $8. per additional diskette will be added.

Dealer Inquiries Invited g

$150.

MANUAL
ALONE:

e

(Credited toward
| subsequent purchase)

| *CP/M is atrademark
. of Digital Research

from any Touch Tone telephone. (A dial-type telephone
can also be used if the person called has an external
device that generates the standard Touch Tones.)

With the AC-17P home-security option, the CA-15 in-
terface allows you to remotely determine whether intru-
sion, fire, or car alarms have been activated. And, with a
sufficiently sophisticated BASIC program running, you
can interconnect and control the security and wireless-
control options from any telephone.

Other applications that come readily to mind are a
sophisticated telephone-answering service (such as the
scenario at the beginning of this review) and a stand-
alone terminal, which can be used to call up computer
bulletin boards, time-sharing services, and other remote
devices.

The CA-15 universal telephone interface requires three
power-supply voltages (+5V, +12 V, and —9 V), while
the popular model C4P computer (and its predecessor,
the C2-4P) supply only +5 V. Other difficulties include
the large number of input and output lines the interface
requires and the limited number of slots in the C4P and
C2-4P. Because of these problems, the interface cannot be
used with the above two machines. However, I was told
that an area of the CA-15 board has been left blank (see
the bottom center of the interface board in photo 1) for a
voltage-doubler circuit that would make its use feasible in
the C4P and C2-4P. C4P or C2-4P owners interested in
this option should express their interest to Eric Davis at
Ohio Scientific, 1333 S Chillicothe Rd, Aurora OH
44202.

The CA-15 universal telephone interface is available
through Ohio Scientific dealers for $499, or $799 with the
Votrax voice module added. A Federal Communica-
tions Commission (FCC) approved CBT-type telephone
line isolator is available for $199. Finally, a modified disk
BASIC called Security BASIC is available for disk-based
Ohio Scientific machines only. It is a modified Microsoft
9-digit-precision BASIC with extensions for the wireless
remote-control, home-security, and telephone-interface
options; these software extensions replace some of the
PEEKs and POKEs otherwise used for device control with
BASIC-like mnemonic commands. The Security-BASIC
language system is available for $99.®

LIFEBOAT ASSOCIATES — ™
1651 Third Avenue, New York, N.Y. 10028 [ (212) 860-0300 [ Telex: 220501

Official Flag of Anti-FORTH Programmers
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The MODEL 800 MST is certclnly pleasing to look at, but its true beaufy lles beneofh the surface. A ghmpse at its
features reveals why it is rapidly becoming the most sought after printer in the world .

e Four standard interfaces: ; o Up to 10 character fonts
RS-232 (15 baud rates) ' Standard 96 character ASCII
Centronics compatible parallel User defined character font
IEEE-488 ‘ : Provision for up to eight additional fonts
20ma current loop e Dot resolution graphics in six densities
e Six line densities: 64, 72, 80, 96, 120, 132 - e Variable line spacing control from 0 to 64 dots in
e 100 CPS at all six densities half-dot increments
e Unidirectional or bidirectional printing e Auto form-feed for any form length at any line
e Sixteen horizontal and ten vertical tabs ‘spacing
e Elongated characters in all six densities e Heavy-duty all aluminum chassis
o 1920 character buffer e 110vac or 220vac, 50/60Hz.
e Uses either perforated or roll paper e 100 million character printhead
e Fully adjustable tractors to 912" e Measures only 15" wide, 3" high, and 11" deep
e Auto Self_fesf [ ] WelghS Only ]5 le
but maybe its most attractive feature is the price 4 $699.00.

W

P.0O. BOX 365648 FULL., CAL. 826834 / (714) 992~43449




Product Review

The Heath H-89 Computer

Mark Dahmke, 1515 Superior St, Apt 15, Lincoln NE 68521

The Heath H-89 is Heath Company’s latest in their
rapidly expanding line of desk-top computers. The H-89
has a number of unique hardware features, and the same
excellent software support and documentation as the
original H-8 8080-based system.

Heath Company is promoting the H-89 as the all-in-
one computer, which it most certainly is. It is based on
the Zilog Z80 microprocessor, which makes it upward-
compatible with all H-8 8080 software. Not only is the
computer based on the Z80, but the video display ter-

Photo 1: The Heath H-89, a Z80-based all-in-one personal com-
puter with built-in 5-inch floppy-disk drive, WH-19 terminal,
and 16 K bytes of programmable memory (expandable to 48 K
bytes). The price for the assembled unit is $2295.

R 00 AT BT 5 DR TR

Photo 2: Interior of the Heath H-89 computer.
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minal and keyboard subsystem also contains a Z80.

The processor board Z80 runs at 2.048 MHz — slightly
faster than an 8080 at 2 MHz, but not at the 4 MHz max-
imum possible with a Z80. Up to 48 K bytes of main
memory may be plugged into sockets directly on the pro-
cessor board, as well as up to six expansion cards on
twenty-five pin connectors. The processor board also has
single-step and full interrupt logic, a serial RS-232 port
that connects to the terminal board, and sockets for three
2708 EPROMs (erasable programmable read-only
memories).

The terminal board consists of a Z80, a 6845 video con-
troller chip, two read-only memories, two 2112-2 pro-
grammable memory components, an S740 keyboard
encoder circuit, and an 8250 UART (universal asyn-
chronous receiver/transmitter) for RS-232 communica-
tions. The terminal has a 12-inch video screen that
displays twenty-four lines of eighty 5-by-7 dot-matrix
characters. The twenty-fifth line is accessible under soft-
ware control for special applications. Lowercase
descenders and thirty-three 8-by-10 dot graphics
characters are also provided.

A full keyboard with repeat key (this repeats any key
pressed), eight user-definable function keys (see table 1),
and a separate numeric keypad are standard on the H-89.

The special function keys generally send out a series of
characters such as ESC H for cursor home, ESC E for
erase screen, and so on. Although Heath has its own set
of escape functions, the terminal may be placed in the
ANSI (American National Standards Institute) mode for
a standardized set of the same functions. The numeric
keypad actually has three possible modes: the unshifted
numeric mode (normal), the keypad shifted mode, and
the alternate keypad mode. Table 2 shows the keycodes
for each mode. A complete list of escape sequences is
shown in table 3.

The ESC r X sequence allows the user to set the data
rate from 110 to 9600 bits per second. For example, ESC r
C sets the data rate to 300 bits per second.

Another nice feature is the special twenty-fifth line of
the screen. This line is separate from the other twenty-
four and will not scroll with the rest of the screen. The
line may be enabled by sending ESC x 1 from either the
computer or the keyboard. After enabling the twenty-
fifth line, the cursor must be positioned somewhere in the
line before writing characters using the direct cursor
addressing sequence: ESC Y (line number) (column
number) where the line and column numbers are sent as
two ASCII characters after the ESC Y. In this case, the
line number is 25 + 31 (31 must be added to the actual
line and column number values) which is equal to 56 or
“8" in ASCII codes. The column number (1 to 80) may
range from 32 (ie: 1 + 31) to 111. To position the cursor
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MEMORY EXPANSION FOR TRS-80

All you have to remember is to plug it in

Memory expansion. It's a field packed with
intriguing theories. For instance, it has been
suggested that the memory areas of the
human brain are transferable from one body
to another, like transplanted kidneys. In man
or machine, a larger memory is always a
welcome acquisition.

If you are interested in expanding your
TRS-80 memory without shelling out dollars
for a full blown expansion interface,we have
just the solution.

Introducing the MT-32. Our new, brilliantly
designed Printer/Memory expansion module
for the TRS-80. This unit will add 16K or 32K
of dynamic RAM to your basic 16K machine.
The module also contains circuitry to drive
Microtek’s MT-80P dot matrix printer, or any
other Centronics-compatible printer.

No hardware modification to your TRS-80 is
required. Just plug into your bus connector
~and you are ready to go.

All Microtek products are covered by a one
year warranty.

*TRS 80 is a Registered Trademark of Tandy Corp.

MEMORY TRANSPLAN

Four configurations are available:

Without RAM in kit form
(MT-32K @ $79.50)

Without RAM assembled and tested
(MT-32A @ $99.50)

With 16K RAM assembled and tested
(MT- 32B @ $159.50)

With 32K RAM assembled and tested
(MT- 32C @ $199.50)

Available from Microtek
or your nearest computer dealer.

MICFIDTEKm

9514 Chesapeake Drive
San Diego, CA 92123
Tel. (714) 278-0633
TWX 910-335-1269

’O'o’oj'i.‘iuii.ii.i.i‘ ;
AR2e000 00, J




Key Heath Mode ANSI| Mode

Gl ESC S ESCO S
F2 ESCT ESCOT
F3 ESC U ESCO U
F4 ESC V ESCOV
BLUE ESC P ESCO P
RED ESC Q ESC O Q
GRAY ESC R ESCOR

Table 1: Special function keys on the Heath H-89 computer.

Unshifted Shifted Alternate
Key Key Keypad Mode

0 0 ESC?p

1 ESC L ESC ?q

2 ESC B ESC?r

3 ESC M ESC?s

4 ESC D ESC ? t

5 ESCH ESC ? u

6 ESC C ESC? v

7 ESC @ ESC ? w

8 ESC A ESC ? x

9 ESC N ESC?y

: : ESC?n
ENTER RETURN ESC? M

Table 2: H-89 numeric keypad functions.

DEALERS...OEM USERS.

Call on Monday...
your North Star
ompﬂter

alelivered by
Thursday.

WHOLESALE PRICES
AVAILABLE.

GBC maintains ready
stock on the follow-
ing products and
software:

* NEC Spinwriter

e Turnkey North Star
Business Software

* North Star

(609) 424-0465
* Centronics
e Epson (7 o9l

® Perkin-Elmer A
(65 54l (5 »
R0\ 7ne,
General Business Computers

2020 Fairfax Avenue
Cherry Hill, New Jersey 08003
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in column 1 of line 25, the following sequence would be
entered via the keyboard or sent from the computer: ESC
oy “g” " If the sequence is sent from the keyboard, it
is necessary to look up the character equivalents for each
value (as above), but if the terminal is driven from a pro-
gram in BASIC, the process is much simpler:

PRINT CHR$(27); “Y”; CHR$(56); CHR$(32);

Note that the CHR$(27) causes the ASCII “ESCAPE”
code to be sent; 56 and 32 are the line and column
numbers, added to 31. The CHR$ function converts the
decimal code number into the corresponding character.

MTR-88 Monitor Program

The H-89 comes with a monitor program in program-
mable read-only memory that allows the user to operate
at machine level or use the system without disk drives (or
tape, for that matter). The MTR-88 cassette I/O func-
tions are compatible with the cassette entry points in the
PAM-8 front-panel monitor of the H-8, so software writ-
ten for the H-8 will execute correctly on the H-89.

The monitor supports the following commands:

Boot Load HDOS from disk.

Dump Dump a program to cassette tape.

Go Execute a program at the given
address.

Load Load a program from cassette
tape.

Program Counter Set the program counter address
(prior to entering the Go com-
mand).

Inspect or change memory loca-

tions.

Substitute

The load and dump commands are set up to work with
the H-88-5 cassette interface board. MTR-88 also main-
tains a tick counter in memory. The counter is a 2-byte
field at memory addresses 040.033 and 040.034 (in split
octal notation) that is incremented by 1 every 2 ms as
long as interrupts are enabled. It is possible to assign
interrupt vectors for special applications (as with all
Heath software) by changing the addresses in the bottom
64 bytes of memory.

HDOS Disk Operating System

HDOS (Heath Disk Operating System) is a comprehen-
sive disk-management package. HDOS allows the user to
create, manipulate, and display the contents of disk files
and the disk directory. Other commands allow the user
to display disk statistics (ie: usage, remaining space,
errors) and to set device options such as console/printer
data rate, whether or not a back-space cursor function is
available on the terminal in use, uppercase or
upper/lowercase mode, tabs, console width, and so on.
HDOS provides “device drivers,” special subroutines
which perform all necessary initialization and housekeep-
ing functions for each peripheral interface — console, line
printer, alternate console, and so on. The device drivers
may be called by the user’s program, saving the user the
effort of writing device interface routines.
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~ Startin wlth*mo Software Standarc
CP/M! the most widely used microcomputer operating
system ever, is included on diskette in the. ScftCard
package, ready to run on your Apple |I.

You get Microsoft's 5.0 BASIC too, the most powerful
version to date of our famous BASIC interpreter.

PRINT USING, 16-digit precision, CALL, and CHAIN
and COMMON are just some of the major BASIC features
you'lladd. Applesoft's graphics extensions are still included.

More Power Down the Line. You can get even more
programming power and versatility by adding Microsoft's
FORTRAN, COBOL, BASIC Compiler and Assembly
Language Development System. All are available
separately to run with the SoftCard system.

And the whole host of CP/M-based business, scientific
and educational applications can be easily transferred to
your Apple with SoftCard.

The Microsoft Z-80 SoftCard is compatible with most
every Apple product from the Apple I to the Apple Il Plus,
Language Card and peripherals. Independent peripherals
for the Apple are supported.as well. The SoftCard package
requires a system with 48K and a disk drive.

Line up a SoftCard demonstration at your Microsoft
Consumer Products dealer today. They'll be glad to show
you how the Z-80 SoftCard and your Apple computer
combine to form a system that can't be beat for either
practicality or pure pleasure by any personal computer
available today. Or give us a call, 206/454-1315, for
more information.

But act quickly. At the low price of $349 for SoftCard,
CP/M, Microsoft BASIC and complete documentation, you
may have to stand in line to get one!

™Apple Il is a trademark of Apple Computer, Inc.
"CP/M is a registered trademark of Digital Research.

CONSUMER PRODUCTS

10800 Northeast Eighth, Suite 507
Bellevue, WA 98004 :
(206) 454-1315




All devices on the H-89 have been assigned device
names. Table 4 lists all devices. For example, to list a file
on the printer, the command

COPY LP:=SY0:FNAME.EXT

is used, where LP: is the destination, and FNAME.EXT is
the disk file on device SYO: to be listed.

ESC H Cursor home
ESC C Cursor forward (right)
ESC D Cursor backward (left)
ESC B Cursor down
ESC A Cursor up
ESC | Reverse index
ESC n Cursor position report
ESC j Save cursor position
ESC k Set cursor to previously saved position
ESCY Direct cursor addressing
ESC E Clear display (also shift erase)
ESC b Erase beginning of display
ESC J Erase to end of page
ESC | Erase entire line
ESC o Erase beginning of line
ESC K Erase to end of line
ESC L Insert line
ESC M Delete line
ESC N Delete character
ESC @ Enter insert character mode
ESC O Exit insert character mode
ESC z Reset to power-up configuration
ESCr Bn Modify data rate (Bn is a character to select data
rates from 110 to 9600 bps.)
ESC x Ps Set mode: (select Ps from:)
1 =Enable twenty-fifth line
2 =No key click
3 =Hold screen mode
4 = Block cursor
5 =Cursor off
6 = Keypad shifted
7 = Alternate keypad mode
8 = Auto line feed on receipt of carriage
return
9 = Auto carriage return on receipt of line
feed
ESCy Ps Reset mode(s): (same as set modes listed above)
ESC < Enter ANSI escape-sequence mode
ESC [ Enter hold screen mode
ESC \ Exit hold screen mode
ESC p Enter reverse video mode
ESC q Exit reverse video mode
ESC F Enter graphics mode
ESC G Exit graphics mode
ESC t Enter keypad shifted mode
ESC u Exit keypad shifted mode
ESC = Enter alternate keypad mode
ESC > Exit alternate keypad mode
ESC } Keyboard disabled
ESC { Keyboard enabled
ESC v Wrap around at end of line
ESC w Discard at end of line
ESC Z Identify as DEC VT52 terminal
ESC ] Transmit twenty-fifth line
ESC # Transmit page
Table 3: H-89 escape sequences.
SYo: System disk drive #0
SY1: System disk drive #1 (optional)
TT: Console device
AT: Alternate terminal (optional)
LP: Line printer
ND: Null device (This eats up characters sent to it.)
Table 4: H-89 device assignments in HDOS.
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The H-89, Heath'’s all-in-one computer,
has a number of unique hardware
features and the same excellent soft-
ware support and documentation as the
original H-8 system.

The two directory-oriented devices are SY0: and SY1: .
On these devices (ie: disks), the directory keeps track of
what files exist and where they are. Each file can have an
eight-character name with a three-character extension.
The extension is useful when keeping track of a number
of related files. For example:

MYPROG.ASM
MYPROG.LST
MYPROG.ABS

Here the .ASM indicates that the first file is the assembler
source of MYPROG entered via the text editor. The .LST
file is the listing output of the assembler, and .ABS is the
object code resulting from the assembler run.

HDOS Utilities
HDOS also comes with a number of useful utility pro-
grams:

PIP (peripheral interchange program)
A generalized disk-file
maintenance program.

A program that allows the user
with only one disk drive to copy
files from one disk to another.

A very useful program that
allows the user to redefine device
driver configurations. Table 5
lists all options of the SET com-
mand.

Displays system performance,
number of disk errors, etc.

Sets disk-file flags to write-protect
a file, to suppress normal listing
and copying of a file, and
(optionally) to lock the file
against further flag changes.

ONECOPY

SET

STAT
FLAGS

DBUG

The Heath console debug program allows the user to
enter and debug machine-language programs from the
console. DBUG will perform the following functions:

Display and alter contents of any memory location.
Display and alter contents of any 8080 processor
register.

Single step through a program.

Execute a program.

Set breakpoints in a program.

Load or dump user programs to or from a device
(eg: tape or disk).

Note that DBUG supports only the 8080 register set, not
the extra registers in the Z80. Also, DBUG does not have
a disassembler feature.



SUPER

Once in a great while someone comes along
with a simple improvement for an already great
product. Take our SuperBrain, for example. Really a
simple concept. A high-powered, low cost micro-
computer packaged in an attractive desk top
cabinet. So how do you improve on that?

WE DID IT...

It wasn't enough that our SuperBrain had
such standard features as twin double density
51" drives with over 300,000 bytes of disk
storage. A full 32K of dynamic RAM - expandable
to 64K in seconds. A CP/M* Disk Operating
System which assures compatibility to literally
hundreds of application packages presently availa-
ble. A crisp, 12" non-glare screen with a full 24
line by 80 column display. A full ASCII keyboard
with a separate keypad and individual cursor
control keys. Twin RS232C serial ports for fast
and easy connection to a modem and/or a printer.
And, dual Z80 processors which operate at 4 MHZ
to insure lightning-fast program execution. No, it
wasn't enough. So we made it better.

ANNOUNCING SUPERBRAIN QD...

Our new QD model has all of the features of
our phenomenally popular SuperBrain with the
addition of double-sided disk drives and an extra
32K of dynamic RAM. So, for only a modest in-
crease in price, you can order your next SuperBrain
with more than twice the disk and memory storage
capability. But, best of all, the new QD model has
the same tough, rugged construction and
exceptional quality that made our SuperBrain
such a success.

*Registered trademark of Digital Research, Inc.

HOW DID WE DO IT?

The secret of SuperBrain QD's incredible disk
storage lies within our new double-density double-
sided disk drives. A total of nearly 720,000 bytes
of data are formatted on two specially designed
9%" drives. And that's more than enough to get
you started with most serious small business
applications. And SuperBrain QD’s standard 64K of
dynamic RAM will handle even the most complicat-
ed programming tasks.

Of course, if you're into megabytes instead of
kilobytes, you may think neither SuperBrain is right
for you. Not so! Intertec offers 20-96 megabytes of
hard-disk storage which connects in seconds to
either the SuperBrain or SuperBrain QD. So, your
original investment is always protected. As you
grow. No matter how much your needs expand.

BUT IS IT RELIABLE?

Our best salesmen are our present users. Not
only have SuperBrain users been impressed with
the inherent reliability of the system, they tell us
that no other microcomputer system available
today offers such a unique modular design con-
cept. Just about the only tool required to easily

maintain the system is a common screwdriver. And
Intertec’s total commitment to product service and
customer support, with service outlets in most
major cities, insures your original investment will
be a valuable one for many years to come.

THE DECISION IS YOURS.

Whether your next SuperBrain is a regular
model or our QD version, you will have the
satisfaction of knowing you purchased what is
becoming one of the world's most popular micro-
computer systems. And regardless of which model
you choose, you'll probably never outgrow it be-
cause you can keep expanding it.

So, call or write us today for more infor-
mation. Intertec systems are distributed worldwide
and may be available in your area now.
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The Text Editor

The Heath Text Editor is used to enter and edit
assembly and BASIC programs, as well as to create and
edit reports, letters, and manuscripts.

EDIT uses all available memory in the system as a text
buffer. When the buffer is full, all or part of it may be
transferred to a disk file. This allows the user to work on
files in size up to the limit that will fit on disk. EDIT has a
very unusual command format:

<range> <verb> <qualifier string> <option>
< parameters >

Range defines the buffer lines the command is to operate
on. Characters to indicate certain lines are as follows:

Defines the first line of the buffer.
Defines the last line of the buffer.
Followed by a decimal number, refers
to the nth line past the current line
pointer.

= Followed by a decimal number, refers
to the nth line preceding the current
line pointer.

The first line in the buffer which con-
tains the ‘string’ after the current line.
The first line in the buffer which con-
tains the ‘string’ preceding the current
line pointer.

1
$
+

+ ‘string’

— 'string’

Multiple line ranges can be specified by using two of
the above range expressions in sequence with a comma
between them. A blank preceding a verb will cause the
command to operate on the entire buffer. An equals sign
reuses the range of the last command.

The verb specifies the action to be taken by the editor.
Examples are: Print, Replace, Delete, Read, Write, Use,
Search, Bye, and so on.

The qualifier string is a further restraint on the range
expression and is optional. For example, it is possible to
operate on only those lines that contain a phrase or string
of characters. If the phrase is entered in single quotes in
the qualifier string field, only those lines containing the
specified string will be affected.

The option field determines if the current line is to be
displayed before it has been modified, after it has been
modified, or both. Use of this field is optional.

The parameter field is a special field used to direct disk
I/0 actions of the editor.

This is the most difficult editor I have ever tried to
work with. Even after carefully reading the manual and
spending a great deal of time learning how to use it, it is
incredibly frustrating. The range and other fields are
unconventional and require some getting used to. When
writing programs in BASIC, it is far easier to use the line
entry and edit commands in the BASIC interpreter. Try-
ing to write assembler programs with this editor is nearly
impossible.

Considering all the excellent software and hardware
documentation and support of the H-89, and the power-
ful intelligent terminal features for full-screen editing, it

FANTASTIC MAIL ORDER DISCOUNTSIII

16K ,

*ADD 2% IF USING CREDIT CARD
ONLY ON APPLE COMPUTERS
APPLETIOR APPLEI[PLUS

APPLE 1132K51040°  APPLE Il 48K$1100"
APPLE II ACCESSORIES

CORVUS 10 MEGABYTE DISK DRI
PASCAL LANGUAGE SYSTEM
GRAPHICS INPUT TABLET

DISK Il with CONTROLLER CARD .
DISK Il without controller

APPLE SOFT Il FIRMWARE CARI
INTEGER FIRMWAI

PARALLEL INTERFAGE CAHD
SERIAL INTERFACE CARD. .
COMMUNICATIONS CARD. .
SUP-R-MOD RF TV MODULAT
SUP-R-TERM 80 col. CARD

SUPER TALKER SPEECH SYNTHISIZER ...
7!

MIC|
ALF MUSIC SVNTHISIZER
SSM A10 CARD (KI
SSM A10 CARD (AS EMBL!
NOVATION CAT MODE M.
CCS GPIB IEEE INTERFACE. .
MICROSOFT 2-80 SOFT CARD wiCP
MICROWDRKS DS-85 DIGISECTOR

PROGRAMMABLE TIMER MOD!
CENTRONICS PRINTER INT. CARD.

CLOCKICALENDAR CARD SLIENTYPE PRINTER w/INT. CARD.

INTROL X-10 SYSTEM

PASCAL LANGUAGE SYSTEM
FORTRAN LANGUAGE PACKAGE .

THE CASHIER RETAIL MGT. &

S I
APPLEPOST MAILING LIST SYSTEM . SUPER INVADER On DISK.

WE WILL GLADLY PERFORM WARRANTY REPAIR ON ALL APPLE COMPUTER PRODUCTS.

VS

@@ COMPUTER SPECIALTIES
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MONITORS

LEEDEX VIDEO 100

12" BLACK & WHITE MONITOR
*VIDEO BANDWIDTH 12 MHz+3db
*COMPOSITE VIDEO INPUT

$ SOROC 1Q 120 $739
SOROC 1Q 140 $1295
SANYO 9” B/W Monitor $169 » SANYO 15" B/W Monitor $259 « ZENITH 13" Color Monitor $429

NEC SPINWRITER
AXIOM EX-801 ...
AXIOM EX-820. .

COMPRINT 9128

NTERS
PAPER TIGER ITS 440 .w/qraphics. . .
TRENDCOM T-200.. .
CENTRONICS 737.. ...
CENTRONICS 700-9
ANADEX DP-8000 Ol COMPRINT 912P. .
MPI 88-T TRENDCOM T-100 .

THE AMAZING SORCERER [[1ex s ag 5
The SORCERER is a Z80 CPU based micro-computer internally expandable
lo 48K. 4K ROM resident monitor. I/O connector for S-100 expansion.
Parallel and serial interface. Dual cassette I/0. Graphic resolution of 240 x e }
512, 30 lines of 64 characters, 8 x 8 dot matrix. Full ASCII set (upper
and lower case), plus standard graphic symbols. User may define up to
128 characters. Keyboard is 63-key data processing type, plus a 16 o ’,’
key numeric input pad.
§-100 EXPANSION UNIT 4
e maCaatlc
L 1% o
WE ALSO SELL “QUALITY SOFTWARE'* FOR SORCERER AT H‘WnOFFLIIV ’,K ‘.‘."“ “K "”’ 00

)
B0 _$799

i s:\n

ATARI 400 COMPUTER . .
ATARI 820 PRINTER
ATAR| 810 DISK DRI
IYIII lll! rmnu l(

lllll ll IAH IODUL(

NSEMBLER/EDMTON RO
eHigh resolution COLOR Graphics
*10K Basic in ROM

*8K user RAM expandable to 48K
*57 key ful stroke keyboard

VIDEO EASEL. ...

4 30 UC TAC TOE .

STAR RAIDERS. .

PERSOMAL FINANC

#Built-in RF TV modulator

*High speed serial /0 port

sincludes ATARI 410 program
recorder
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o TO ORDER »

Phone orders invited, using credit cards. Or send cashiers
check or money order that draws on a U.S. bank. Please add
3% ($5.00 Minimum) for handling, shipping (air service) and
insurance, cr equipment will be shipped freight collect.
California residents add 6% sales tax. All equipment is in
factory cartons with the manufacturers warranty. Equipment
is subject to price change and availability without notice.

master chaige

6363 EL CAJON BLVD., SUITE 205,
SAN DIEGO, CA. 92115 ¢ (714) 579-0330
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< 26MEGABYTES
*' $4995.

Suddenly, S-100 microcomputer systems can easily handle 100 million
bytes. Because Morrow Designs™ now offers the first 26 megabyte hard disk
memory for S-100 systems—the DISCUS M26™ Hard Disk System.

It has 26 megabytes of useable memory (29 megabytes
Unformoned) And it's expandable fo 104 megabytes.

The DISCUS M26™ system is delivered complete—
a26 megabyte hard disk drive, controller, cables and operating system=for
Just $4995. Up to three additional drives can be added, $4495 apiece.

The DISCUS M26™ system features the Shugart SA4008
Wlnchester-type sealed media hard disk dnve in a handsome metal coblnef
with fan and power supply.

‘ The single-board §-100 controller incorporates intelli
gence to supervise all data transfers, communicating with the CPU via
three 1/0 ports (command, status, and data). The controller has the abmﬁ( fo
generate inferrupts at the completion of each command fo increase system
throughput. There is a 512 byte sector buffer on-board. And each sector can be
individually write-protected for data base security.

J The operating system furnished with DISCUS M26™
systems is the widely accepted CP/M* 2.0.

See the biggest, most cost-efficient memory ever mtro
duced for S-100 systems, now at your local computer shop. If unavailable
locally, write Morrow Designs™ 5221 Central Avenue, Richmond, CA 94804§ Th
Or call (415) 524-2101, weekdays 10-5 Pacific Time. 1

*CP/M is a tfrademark of Digital Research.

MORROW DESIGNS"“

g
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SET VER prints the version number of the SET program. REPLACE “‘fname”’ replaces “‘fname’” with current pro-
SET HELP gives information on the SET command. gram, if it exists; works like SAVE if
the file doesn't exist. T
SET TT: HELP gives information on.the SET command for a CNTRL iexp1,iexp2 CNTRL O sets a GOSUB to line iexp2
particular device; TT: in this case. when a CTL-B is typed.
CNTRL 1 sets iexp2 digits before ex-
ponential format is used.
SET TT: CNTRL 2 controls the H-8 front panel.
Does nothing on the H-89.
Option Description CNTRL 3 sets the width of a print
zone to iexp2 columns.
NOBKS uses the back-slash character for errors. CNTRL 4 controls the state of the
BKS allows back-spacing to correct typing errors. HDOS system overlay. iexp2 =0,
BKM causes back-space (control-H) to be treated as fr;"’;%r?]‘(’)?yay' iexp2 =1, keep overlay
a delete. : °
; 5 FREE displays the amount of memory
NOBKM lets HDOS receive the back-space character. assigned 1o tables and program text.
MLI maps lowercase input to uppercase. FREEZE ‘“‘fname”’ saves BASIC interpreter, current pro-
NOMLI allows lowercase input to HDOS. gram, and data values on the file
“fname’’.
MLO maps lowercase output to uppercase. “ " . ;
NOMLO allows lowercase output from HDOS. UNFREEZE ‘“‘fname gtaol%arggr:ge file saved with a FREEZE
NOTAB HDOS expands TAB (control-I). LOCK protects the program by preventing
TAB lets terminal expand TABs (faster). execution of BUILD, BYE, CHAIN,
25B uses 2 stop bits (universal). gg‘gf\%gﬁ'z DdE(L:ELE%HRUN' d
1SB uses 1 stop bit (normal). gall (Sl
UNLOCK reverses a LOCK command.
WIDTH n sets console width to n characters, 80 is UNSAVE ‘“‘fname”’ deletes the file *'fname’’ from disk.
default.
FILL ¢ n A T Y TR e Tabl; 6 EJIcqtended 'BentonBHarbor BASIC commands not
characters following it; for slow hardcopy ter- found in other versions of BASIC.
minals.
SET LP: ’ .
seems incongruous that this system should have such a
6LPI sets the H-14 printer for six lines per inch. difficult editor to work with.
8LPI sets the H-14 printer for eight lines per inch.
PAGE n sets the number of lines per page to n.
PORT n sets the port address for LP: to n. The Assembler . .
WIDTH m,n sets the width control switch position The Heath Assembler is a very straightforward,
BAUD n sets the data rate for LP: absolute 8080 assembler (not Z80) with most of the stan-
SET AT: aria-as fof T dard assembler directives (ie: DB, DS, DW, END, EQU,
ORG, SET, TITLE). The XTEXT directive is used to
SET SY: include whole disk files of assembler text into a program.
STEP n el ha o e e B ot on s ol This is convenient if there are some standard symbols or
drive. (The TEST command is used to deter- memory addresses that are to be incorporated into every
mine the value of n.) assembler program, such as HDOS definitions. Also,
useful subroutines may be included in this way. This
Table 5: SET command options. feature may be used as a macro-instruction library facili-
ty, because the assembler does not allow macro-

Printers WHOLESALE Printers
RIBBONS
IDS PAPER TIGER with graphics & 2K buffer Parallel & RS232C $ 950.00 $ 2.25/ea
OLIVETTI PR 240 Thermal 240 LINES per min. serial 950.00

CENTRONICS 704 780 CPS Serial
NEC SPINWRITER (RO) Serial
Tractor Add

SIEMENS INK JET 270 CPS SERIAL (KSR) 3700.00

(Call for Parallel prices) (RO)
SPECIALS:

CENTRONICS 779 Uppercase/Lowercase mod (no soldering) $150.00

CAT MODEM Orig & Answer RS232C
MEMOREX Soft Sector
DISK HEAD CLEANING KIT 5" or 8”

We also carry DISK DRIVES, TERMINALS, COMPUTERS. and a complete line of SUPPLIES. Call for

latest catalog and prices.

BOX 426
WESTFORD, MA 01886

1900.00 28.50/6
2900.00 Fabric 35.90/6
150.00 Carbon 36.90/6

3500.00

$185.00
5" $27.50/10 8” $28.50/10
$24.00

THE WAREHOUSE 617-692-8408

A subsidiary of TEELABCO, Inc. TWX 710-342-6467
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“Now you can multiply your

ADIS MULTTYESI!

computing power as you grow.”

Geof Karlin
Director of Systems Development

‘At ADDS, we've just designed a unigque computer
family that can take you all the way from small to big.

“We call it ADDS Multivision™-a trio of stacking,
CP/M&compatible computers that lets you multiply
computing power as needed. Without a change in
operating system or programming languages. Without
costly conversion. It works like this:

“MULTIVISION 1 (top module) is a get-started
computer with 5 MHz processor, 64K bytes of RAM
and mini disk storage capacity of 700K bytes. It lists
for $3,785 without terminal.

“MULTIVISION 2 (top and bottom modules) pro-
vides 5M or 10M bytes of additional hard-disk storage.
Priced thousands less than other hard-disk systems,
it lists for $7,995 with 5M bytes of disk.

“MULTIVISION 3 (entire stack) tops off the line,
giving you a multi-user system with up to 256K bytes
of RAM that supports up to four display terminals
simultaneously.

“We even offer an ADDS-developed package that
lets you use Multivision as a word processor.

“Before you decide upon any small computer, -
look into ADDS Multivision. For years we've been the
largest supplier of display terminals to computer
giants. Now we're making a system for you.”

For information write: Systems Division, Applied
Digital Data Systems Inc., 100 Marcus Boulevard,
Hauppauge, N.Y. 1178/. Dealer inquiries invited.

CP/M is a registered trademark of Digital Research, Inc.

SOMETHING EXTRA IN EVERYTHING WE DO

MULTIVISION
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instruction definitions. A file comes with HDOS called
HDOS.ACM. It contains standard HDOS system-call
symbols for easily interfacing a user-written program
with HDOS and the device drivers.

Extended Benton Harbor BASIC

Extended Benton Harbor BASIC (herein referred to as
EBH BASIC) is Heath’s own version of BASIC. It is an
extension of Dartmouth BASIC with some unique
features. One of the first differences I noticed was the
command that initiates automatic line numbering while
entering programs. In most versions of BASIC it is called
AUTO, but in EBH BASIC it is BUILD. The BUILD com-
mand works exactly like AUTO. Another important dif-
ference is the lack of a RUN “FNAME"” command. If
the user wishes to execute a program that is on disk as the
file "FNAME”, the following must be entered:

OLD “FNAME”
RUN

To clear the machine of program and data, the com-
mand is SCRATCH, not NEW as in most versions of
BASIC.

EBH BASIC has some unique and useful commands.
(Table 6 lists these special commands and their
functions.) But it is not without its problems. Even the
most insignificant of syntax errors, such as leaving out a
comma or right parenthesis, causes EBH BASIC to
display a simple SYNTAX ERROR message. Unfor-

tunately since it has to access a disk file called ERROR-
MSG.SYS to get the text of the error message, the user is
forced to wait several seconds to find out what he or she
probably already knows. The philosophy of storing
error-message text on disk to save space in memory is a
useful one, but in this case it severely hampers develop-
ment of programs. The best approach would be to have
the most frequently occurring error messages in memory
and then access the disk for the remainder.

Microsoft BASIC

Microsoft BASIC is widely used and is very stan-
dardized. I will not spend time describing its features.

The Heath implementation of Microsoft BASIC does
have one significant fault; when a program is loaded
from disk, the disk read head is raised and lowered for
each and every sector of the file. This produces an annoy-
ing banging sound that seems to go on forever. It is also
bad for the drive mechanism and will contribute to the
wear and tear of the unit.

Conclusions

The H-89 has flexibility and does not require the user
to understand anything about the hardware to take full
advantage of all the features. One important point
remains: after all the HDOS operating system utilities are
put on a single 5-inch floppy disk, there is very little
room for any large user programs. To make the system
really useful, a second disk drive is a necessity. If the
H-89 were to be used in a business with a really large data
base, the data would be a tight fit even with two drives.®

MOD Il UTILITY PACKAGE

Replacement Debug (DEBUG)

35 basic functions + 8 edit commands! Single step or Multiple

step. Automatic trace of logic flow with printing of trace, trace of

instructions greater than stack pointer values, and rapid trace.

Subroutine calling. Automatic program looping. Dynamic

disassembly of instructions!!!

Directory Catalog System (XDIR)

Build directory of directories!! Sorts by disk or by program.

Abbreviated or full form — full form includes dates of creation
and last update, and other directory data.

Wild card select options with masks. Build consolidated
directory of all GL#2/BAS files. Select on filename and extension.

Save or load XDIR catalog files.

Concatenate new data with loaded file.

Extended Copy (XCOPY)

Copies multiple files with a single command using masked select

options! Source disk may be non-operating system disk. Single

drive capability. Recover bad files — invalid sectors itemized but

copy continues.

Merge files with or without replacement.

Superzap (SZAP)

Display or print and modify standard TRSDOS diskette track and

sector data. Full screen edit mode. Automatic repeat scan and

print. Copy disk sectors — any number of sectors to same or

other drive.

Directory Fix (DFIX)

Automatic repair of HIT tables! List and flag directory errors.
Disk Identification (DISKID) Change diskette names!

Extended Create (XCREATE) Creates and initializes file to end.

DOCUMENTATION
Complete documentation of above utilities including a full dis-
cussion on recovery of lost data on diskettes!!!

Mod Il Utility Package $150 Manual only $20 refundable

WHEN ORDERING PLEASE

DEALER INQUIRIES INVITED ADVISE PUBLICATION SOURCE

August 1980 © BYTE Publications Inc

CHECK, VISA, M/C, C.0.D.
Calif. Residents add 6%
Telephone Orders Accepted (714) 637-5016

TRS-80 IS A REGISTERED TRADEMARK OF TANDY CORPORATION
RACET SORTS — RACET UTILITIES — RACET computes — RACET SORTS — RACET UTILITIES — RACET computes — RACET SORTS — RACET UTILITIES — RACET computes —
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MOD Il BASIC CROSS REFERENCE UTILITY

SEEK and FIND functions for:

Variables, Line Numbers, Strings, Keywords

‘All’ options available for line numbers and variables.
Load from BASIC - Call with<CTRL>R

Output to screen or printer.

BASIC CROSS REFERENCE UTILITY $50

INFINITE BASIC for MOD | TRS-80"™Tape and Disk System

Extensions to Level Il and Disk BASIC $49.95

Full MATRIX functions — 30 BASIC commands!

50 more STRING functions as BASIC commands!

Includes RACET in-memory sorts. Load only functions you want —
where you want in memory! More than you expect!

o« BUSINESS (Requires Infinite BASIC) $29.95

Automatic printer pagination. Packed decimal arithmetic - 127 digit
accuracy. Binary array searches. Hash code.

COMPROC Command Processor for Disk Systems $19.95

Auto your disk to perform any sequence of commands.

GSF (Specify 16, 32 or 48K Memory) $24.95

18 machine language routines including RACET sorts.

DISK SORT MERGE (DSM) for MOD | and MOD Il

Random file disk sort merge — multi-diskette files. All machine

language stand alone package. Sort on up to 15 fields — ascending

or descending. Provides optional output field deletion, rearrange-

ment, and padding. Sort an 85K diskette in less than 3 minutes!

DSM for Mod | (Minimum 32K, 2-drives)  $75 on Disk

DSM for Mod Il (Minimum 64K, 1 drive) $150 on Disk

Mod Il Development Package $100
Machine language Superzap — Editor Assembler, Disassembler
Patches.

| Mod Il Generalized Subroutine Facility $50

Sort 1000 elements in 6 seconds!

E RACET computes a

702 Paimdale, Orange, CA 92665
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one of

H-8 Personal
Computer with Dual
Floppy Disk Storage

H-89 All-In-One
Computer with
Floppy Disk Storage

Richer in knowledge

Once you build your own computer, you'll
know it inside out. You'll know how to
make it work for you, how to make it grow
as your skills grow.

Richer in savings

Build-it-yourself kits cost less — about 30%
less than comparable assembled comput-
ers. And you'll probably never need to pay
someone for service because no one will
know your computer better than you.

Is it hard?

Not at all. Heath makes it simple with easy-
to-assemble designs and with step-by-step
manuals that guide you from unpacking to
final plug-in. And a Heathkit helping hand
is always just a phone call away.

Heathkit

You'll be
a little richer

after building

these.

H-11A 16-Bit
Computer with Dual
Floppy Disk Storage

R

H-19 Professional
Video Terminal

Self-Instruction for Assembly
and BASIC Programming

H=14 Serial Printer

Innovative software

Heath offers you innovative programs for
running your heme or business, and excit-
ing games for your family. You can have
Microsoft™ BASIC™, one of the most power-
ful and widely used languages.

Heath User’s Group (HUG) will share with
you a library of over 500 programs to make
your computer serve you in ways you
never imagined.

Complete hardware

Choose from three computer systems:

The H89 All-In-One Computer gives you
everything in one compact, convenient
unit.

The flexible H8 gives you the freedom to
combine memory and interfacing for ex-
actly the system you require.

And the powerful H11A gives you 16-bit

power for your most complex programs.
The Heathkit line includes video terminals,
matrix and letter-quality printers and a
complete selection of accessories. You'll
even find award-winning self-instruction
packages to teach yourself programming
in BASIC or Assembly. el

Heathkit Catalog,

along with nearly 400 electronic kits for
your home, work or pleasure. Send for
your free catalog today, or pick one up at
your Heathkit Electronic Center.*

*Visit your Heathkit Electronic Center in the U.S. or Canada where Heathkit Products are
displayed, sold and serviced, See your white pages for the location nearest you. Heathkit
Electronic Centers are units of Veritechnology Electronics Corporation in the U.S.

Write to Heath Company, Dept. 334-686, Benton Harbor, Ml 49022

(In Canada write Heath Company, 1480 Dundas St. E., Mississauga, Ont. L4X 2R7)

CP-186



The Hard-Disk Explosion

High-Powered Mass Storage for Your Personal

High-performance, high-quality,
and large-capacity hard-disk drives
are now a low-cost reality for your
personal-computer system. Most
hard disks use Winchester media,
head technology, and other modern
techniques to achieve high density
and high performance in a small
space. One side effect is low power
consumption. Some of the drives suit-
able for personal computers use the
older 14-inch standard diameter plat-
ters. Many new drives use one of two

Computer

Tom Manuel
1208 Apollo Way, Suite 502
Sunnyvale CA 94086

new small sizes—200 mm (7.87 inch)
or 210 mm (8.27 inch) diameter—and
one new drive uses 130 mm (5.12
inch) platters. Even so, their data
capacities are significantly larger than
floppy-disk drives of the same ap-
proximate size.

The latest disk drives can be divid-
ed into two general categories:

® low-cost, relatively low-
performance drives that will
eventually replace floppy-disk

Photo 1: The Memorex Model 101 hard-disk drive. (Photo courtesy of Memorex.)

58  August 1980 © BYTE Publications Inc

drives, especially where multiple
drives would normally be neces-
sary to obtain enough storage.
For example, instead of adding
more floppy drives to increase
the storage capacity of a system,
one set of dual floppy-disk drives
might be replaced with an 8-inch
hard-disk drive that fits in the
same space. This improves the
storage capacity and system per-
formance dramatically. These
low-end disk products will com-
pete on a cost-per-drive basis.

® high-capacity, top-performance
drives that must compete on a
cost-per-byte basis. The 8-inch or
smaller versions will likely (at
least at first) be more costly per
byte than the 14-inch models.
However, their advantages of
small size, light weight, low
noise, and low power re-
quirements make them very at-
tractive for desktop and personal
computers as well as small
business systems.

The Winchester disk-drive tech-
nology developed by IBM provided
expensive, large-capacity, high-per-
formance, and low cost-per-byte disk
subsystems (ie: the IBM 3350 and
3370 disk-drive systems) for large, ex-
pensive computer systems. This
technology and development in other
areas of disk-drive performance are
now being applied to the develop-
ment of products suitable for smaller
systems. The tremendous growth of
microcomputers has created a de-



Grrraphics.

The Paper Tiger puts more bite into
everything youdo.

The Paper Tiger strikes again. With a DotPlot". graphlcs The Paper Tiger costs only $995. The DotPlot option only
option that lets you make the most of your Apple It TRS 80¢ $99 more. But don't let these low prices fool you. Because the
or other personal computer. Paper Tiger is rugged enough to stand up to the

With DotPlot and available software drivers, : X most demanding printer-plotter requirements.
you can print screen graphics, draw illustrations, : : For the name of the Paper Tiger dealer nearest

. you, call toll-free 1-800-343-6412 (except Massa-
includes an expanded, 2K-byte buffer. chusetts, Alaska, and Hawaii).

That's not all. Every Paper Tiger gives you 8 lntegral Data Systems, 14 Tech Circle,
software-selectable character sizes. 80 and g g Natick, MA 01760. (617) 237-7610.
132 column formats. Multi-part business forms e A
handling. Forms control. Reliable stepper- AR :
motor paper drive. Adjustable width tractor feed. sl ‘ \_/
Continuous duty cycle operation. Plus lots more. Wo B S

tApple Ilis a trademark of Apple Computer Inc.
}$TRS-80is a trademark of Radio Shack, a division of Tandy Corp.

write block letters, plot charts. And DotPlot ! i ==
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Integral Data Systems, Inc.




mand for small, compact disk drives.
The industry has responded and is be-
ginning to produce them. A
Winchester disk drive for your per-
sonal computer is now, or soon will
be, a possibility. However, it may
still cost you five to ten times the
price of your processor to get a com-
plete small hard-disk subsystem with
drive, controller, interface, power
supply, and packaging.

Photo 2: Close-up of a Winchester-type
read/write head. (Photo courtesy of
Kennedy Company.)

Photo 3: The remarkable Shugart
Technology Model ST506 hard-disk
drive, offering 6 megabytes of mass
storage in a 3.5-pound package that fits in
the same space as a 5-inch floppy-disk
drive. (Shugart Technology is a new com-
pany located in Scotts Valley, California,
and is not affiliated with either Shugart
Associates or Xerox. Photo courtesy of
Shugart Technology.)
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What Is Winchester Technology?

Three disk technologies have
evolved, all pioneered by IBM. Other
manufacturers have refined the
designs. These technologies are usual-
ly referred to by the model numbers
of the original IBM product employ-
ing the technology: ‘'2314"
technology (in the 1960s), “3330”
technology (late 1960s, early 1970s),
and “Winchester” technology (1973).

Disk storage, being a special type
of add-on memory, can directly affect
a computer system's performance,
throughput, and reliability. Because
of this crucial role, the principal
design objectives for disks are large
capacity, fast access time, absolute
reliability, and low cost.

Each of the three advances has
brought a significant increase in
storage density. One way to increase
density is to reduce the flying height
of the heads over the disk surface.
Each reduction in height allows an in-
crease in tpi (tracks per inch) and bpi
(bits per inch) (see figure 1). Ad-
vances in head design and positioning
mechanisms have also contributed to
increases in tpi and bpi.

Head flying heights have evolved
as shown in table 1.

Just prior to 1973, disk-drive
technology approached some limits.
The flying height had been reduced to
31 microinches. Without further
reduction, significant improvement in
data density was difficult. At lower
flying heights, a single smoke parti-
cle, whose diameter may be up to ten
times the distance between the head
and disk surface, can damage the disk
and data. Therefore, cleaner condi-
tions were required. Also, the disk
platters and magnetic surfaces were
inadequate for large increases in track
and bit densities.

The 3340 Winchester disk drive, in-
troduced by IBM in 1973, was the
first breakthrough. Storage
Technology Corporation announced
a similar disk drive around the same
time: the STC 8800 superdisk.

Winchester Characteristics
Winchester disk drives have the
following characteristics:

® sealed disk, head, and position-
ing assemblies

® new trimaran head design—two
outriggers supporting a narrower
inner hull containing the
read/write head (see photo 2)

® thinner magnetic coating: 44
microinches versus 185 micro-
inches in the 2314 disk drive

® lubricated disk surfaces

® heads resting on disk surface
when drive is stopped—they take
off and fly low when motion
starts (normal take-off and land-
ing are done on an area reserved
for that purpose)

® light loading force (10 g) and
lighter heads.

These characteristics permit many
performance improvements: very low
flying heights (19 to 20 microinches),
improved reliability, and a dramatic
reduction in head crashes are possible
because of the clean environment,
new head and loading designs, and
lubrication. Data densities are in-
creased because of lower flying height
and thinner platter coating. The
higher densities improve throughput
performance directly. More bits per
inch allow more data to pass under
the heads per unit time. More tracks
per inch mean that track-to-track ac-
cess times are shorter. The lighter
heads and head mounts have less in-
ertia and can be positioned faster.
Throughput performance can be im-
proved by increasing the rotational
speed, up to a point—the aero-
dynamic characteristics of the flying
head put some constraints on the
rotational speed. The reliability of the
Winchester drives surpassed that of
any moving-head disk drive that was
previously available.

Improvements and refinements
have continued from many manufac-
turers. The costs of many of the most
expensive elements in a disk (the
motor, head actuator, and control
electronics) are relatively indepen-
dent of the capacity of the disk plat-
ters. It is, therefore, cost-effective to
increase the density of the platters
and the number of platters. The in-
centive has been to add capacity by
any conceivable means, and trends
have been toward more platters per
spindle and greater bpi and tpi den-
sities (data density has gone from
about 1000 bpi on early 2314s to over
8600 bpi on some of the recent disks,
and tpi density has gone from 200 tpi
on 2314s to over 600 tpi on new pro-
ducts). Cost effectiveness has also
been enhanced by reducing the access
time and increasing the data flow; the
economic payoff is increased
throughput and efficiency of the total



Hard and
Fast... @

...Bulk Storage from
Industrial Micro Systems

THE NEW MODEL 16

The new Industrial Micro Systems Model 16 Hard Disk
Subsystem is a “fixed-removable” high speed, bulk
storage device providing from 32 megabytes (32
million characters) to 96 megabytes of on-line storage
for the Industrial Micro Systems 8000 or Series 5000
microcomputer systems. The Model 16 includes a
credenza enclosure that provides a quiet, strong and
attractive package for office . '

or industrial applications
where large memory s
required. The Model 16 also
includes a fully buffered
DMA S-100 bus controller for
fast and easy interfacing.

WINCHESTER
TECHNOLOGY WITH
BUILT-IN BACKUP

The Model 16 includes a 16
megabyte removable
cartridge and a 16, 48, or 80

megabyte fixed media that employs Winchester 3340
technology. Files and programs may be copied
between the fixed media and the removable cartridge
for fast, easy backup and archival storage.

FAST ACCESS

The interface between the Model 16 hard disk and the
Industrial Micro Systems
computer is provided by the
Hard Disk Controller. The
Hard Disk Controller utilizes
Direct Memory Access (DMA)
for fast data transfer with
minimum processor interven-
tion. The maximum data
transfer rate is 1.2 megabytes
per second and the controller
fully buffers the data, a
sector at a time, to and from
the disk. Available in 220 V,
50 HZ Versions

Now you don’t have to look hard for fast computing power. Contact your Industrial Micro Systems Dealer today.

INDUSTRIAL MICRO SYSTEMS

Marketing
628 N. Eckhoff, Orange, CA 92668
(714) 978-6966

Circle 39 on inquiry card.

Manufacturing

2800 Lockheed Way, Carson City, NV 89701

(702) 883-7611
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system. In applications where disk
storage is a key element, the pro-
cessor is often disk-I/O-bound. Pro-
gram execution speed depends on
disk speed. Every increase in
throughput will improve the total
performance.

Other improvements in throughput
performance in disk subsystems have

Photo 4: BASF Systems’ 6170 Series
8-inch, fixed hard-disk drive, available in
8- and 24-megabyte wversions. (Photo
courtesy of BASF.)

come from RPS (rotational postion-
ing sensing), which frees the disk con-
troller and I/O (input/output) chan-
nel for other work during seek time
(head actuator movement) and dur-
ing part of the rotational delay time.
Improvements have also included
new automatic error detection, cor-
rection, and recovery capabilities
built into disk controllers.

Voice-coil actuators, described in
the next section, are common on
high-performance disk drives. There
are both linear and rotary voice-coil
positioners. Rotary voice coils
typically take up less space, require
less power, and generate less heat
than linear voice coils. Stepper
motors with band actuators are
usually used in lower-performance,
lower-cost disk drives. Many of the
new small drives use brushless DC
(direct current) motors with direct
drive on the platters. Designed as part
of the spindles, these motors are com-
pact (about 1 inch high), maintain
speed more accurately, use less
power, and require simpler power
supplies than AC (alternating cur-
rent) motors with belt drives. In
many drives, each recording surface
is split into inner and outer bands
with a head for each band, reducing
the average access time by one-half,

Photo 5: Priam 14-inch (at left) and 8-inch Winchester hard-disk drives. (Photo
courtesy of Priam.)
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because twice the amount of data can

be read or written without moving
the heads.

Comparing the New Hard Disks
to Floppy-Disk Drives

The current trends toward multi-
terminal systems, real-time transac-
tion oriented systems, small business
systems, and more powerful personal
computers for a great variety of ap-
plications have created a demand for
more on-line data storage. Floppy-
disk drives and tape cassettes often do
not have the required performance
(access times, throughput, etc),
reliability, or capacities. Thus, the
need for secondary storage is being
filled by new, inexpensive, high-
performance, highly reliable small-
disk drives with capacities, speeds,
and reliability close to the very ex-
pensive drives. These new drives are
physically much smaller and more
reliable than 14-inch cartridge or
disk-pack drives. They are aimed in-
itially at a gap between floppy drives
and 14-inch drives (eg: Winchester,
5440 cartridges and 3330 type packs).
They are designed for use on small
business systems, distributed-
processing systems, word-processing
systems, and advanced personal com-
puter systems.

The new drives offer a lower cost
per unit than 14-inch drives, and
lower cost per byte than floppy-disk
drives. They provide the advantages
in capacity and performance of hard
disks in a package the same size as an

Photo 6: Kennedy Series 7000 8-inch
hard-disk drive. (Photo courtesy of
Kennedy Company.)
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Multi-User

UniFLEX is the first full capability multi-user
operating system available for microprocessors.
Designed for the 6809 and 68000, it offers its
users a very friendly computing environment.
After a user ‘logs-in’ with his user name and
password, any of the system programs may be
run at will. One user may run the text editor
while another runs BASIC and still another runs
the C compiler. Each user operates in his own
system environment, unaware of other user
activity. The total number of users is only
restricted by the resources and efficiency of the
hardware in use.

Multi-Tasking

UniFLEX is a true mulfi-tasking operating system.
Not only may several users run different
programs, but one user may run several
programs at a time. For example, a
compilation of one file could be initiated while
simultaneously making changes to another file
using the text editor. New tasks are generated
in the system by the ‘fork’ operation. Tasks may
be run in the background or ‘locked’ in main
memory to assist crtical response times. Inter-
task communication is also supported through
the ‘pipe’ mechanism.

l Support

The design of UniFLEX, with its hierarchical file
system and device independent |/O, allows the
creation of a variety of complex support
programs. There is currently a wide variety of
software available and under development.
Included in this list is a Text Processing System
for word processing functions, BASIC interpreter
and precompiler for general programming and
educational use, native C and Pascal
compilers for more advanced programming,
sort/mer?e for business applications, and a
variety of debug packages. The standard
system includes a text editor, assembler, and
about forty utility programs. UniFLEX for 6809 is
sold with a single CPU license and one years
maintenance for $450.00. Additional yearly
maintenance is available for $100.00. OEM
licenses are also available.

FLEX'

UniFLEX is offered for the advanced
microprocessor systems. FLEX, the industry
standard for 6800 and 6809 systems, is offered
for smaller, single user systems. A full line of FLEX
support software and OEM licenses are also
available.

Box 2570, West Lafayette, IN 47906
(317) 463-2502 Telex 276143

"UniFLEX and FLEX are trademarks of Technical
Systems Consultants, Inc.
Circle 40 on inquiry card.
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The days of complicated, unreliable,
dynamic RAM are gone:

INTRODUCING

the ultrabyte memory board

9 5 complete kit
with 16K memory
a

Netronics consistently offers innovative products at un-
beatable prices. And here we go again — with JAWS,
the ultrabyte 64K S100 memory board.

ONE CHIP DOES IT ALL

JAWS solves the problems of dynamic RAM with a
state-of-the-art chip from Intel that does it a//. Intel's
single chip 64K dynamic RAM controller eliminates
high-current logic parts . . . delay lines . . . massive

heat sinks . . . unreliable trick circuits.
REMARKABLE FEATURES OF JAWS

Look what JAWS offers you: Hidden refresh . . . fast
performance . . . low power consumption . . . latched
data outputs . .. 200 NS 4116 RAMs . . . on-board
crystal . . . 8K bank selectable . . . fully socketed . . .

solder mask on both sides of board . . . designed for
8080, 8085, and Z80 bus signals . . . works in Explorer,
Sol, Horizon, as well as all other well-designed S100
computers.

GIVE YOUR COMPUTER A BIG BYTE OF MEMORY
POWER WITH JAWS — SAVE UP TO $50 ON
INTRODUCTORY LIMITED-OFFER SPECIAL PRICES!

UNDECIDED? TRY A WIRED 16X JAWS IN YOUR COMPUTER ON OUR
IﬂﬂAVMﬂA'EY MCK OfFBH mmmm/m/

- -
cmmu!um UJA. cnsm CARD WVEH OUTSIDE Cﬂllﬂ.‘ntlﬂ CALL

CALL TOLL FREE 800-243- 7428 I
1

From Connecticut Or Far Assistance, (203) 354-9375 pt.
n"ﬂ'mm“: RESEARCH & 6 !
DEVELOPMENTLTD.

333 Litchfield Road, New Milford,CT06776!

Please send the items checked below:

[J JAWS 16K RAM kit, No. 6416, $199.95.*

[J JAWS 16K RAM fully assembled, tested, burned in,
No. 6416W, $229.95.*

[ JAWS 32K RAM kit, No. 6432, (reg. price $329.95),
SPECIAL PRICE $299.95.*

] JAWS 32K RAM fully assembled, tested, burned in,
No. 6432W, (reg. price $369.95), SPECIAL PRICE
$339.95.*

[ JAWS 48K RAM kit, No. 6448, (reg. price $459.95),
SPECIAL PRICE $399.95.*

[ JAWS 48K fully assembled, tested, burned in, No.
6448W, (reg. price $509.95), SPECIAL PRICE
$449.95 *

[ JAWS 84K RAM kit, No. 6464, (reg. price $589.95),
SPECIAL PRICE $499.95.*

] JAWS 64K RAM fully assembled, tested, burned in,
No. 6464W, (reg. price $649.95), SPECIAL PRICE
$559.95.*

] Expansion kit, JAWS 16K RAM module, to expand
any of the above in 16K blocks up to 64K, No. 16EXP,
$129.95.*

*All prices plus S2 postage and handling. Connecticut
residents add sales tax.
Total enclosed: S

] Personal Check ] Money order or Cashiers Check

I VISA 1 MASTER CHARGE (Bank No. - . - . )

Acct. No. Exp. Date

Signature

Print Name

Address

City

State

1 [ Send me more information
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8-inch or even a 5-inch floppy-disk
drive—many will actually fit the
panel openings for floppy-disk
drives. Reliability will be better than
with floppy and cartridge drives, and
power consumption will be signifi-
cantly lower than that of the 14-inch
drives.

Systems based on 16-bit processors
or microcomputers often require
much more and much faster secon-
dary storage than floppy disks can
provide. The more sophisticated
multiprogramming and file-
management software currently being
added to small computer systems re-
quires so much continuous use of
mass storage that the high perfor-

TPl =— BPI

Figure 1: Detail of hard-disk surface, il-
lustrating the ideas of tpi and bpi.

2314
Head flying height
(in microinches)

—

100 to 120

Table 1: Evolution of head flying heights in hard-disk drives.

mance and durability of hard disks
may soon be a necessity.

The new 8-inch and 5-inch disk
drives offer several advantages over
both floppy and 14-inch hard drives:
® They have five to sixty times the
storage capacity of a floppy-disk
drive in the same space.

They access data four times faster
than the floppy-disk drive.
They weigh less, take up less
space, and use less power than
14-inch drives.

They are only three to five times
more expensive than floppy-disk
drives, with cost reductions like-

ly.

The availability of low-cost-per-
function hard disks has long been
awaited by the small system
marketplace. The wait is all but over.
This summer a score of products are
scheduled to be available, at least in
sample or evaluation quantities.

Though many of the new small
disk products are advertised as fitting
the same 4.6 by 8.5-inch opening as
the standard floppy-disk drive
(Shugart Technology’s 5-inch Micro
Winchester fits a 5-inch floppy-drive
opening, see photo 3), a floppy-disk
drive cannot literally be pulled out
and replaced by the hard drive. To
begin with, the packages contain dif-
ferent electronics. Most of the drives

3330
31 to 45

Winchester
19 to 20

Rotational Speed

Reliability and Useful
Life Relative to Floppy-
Disk Drives

cartridges, and disk packs.

—
Floppy-Disk Drives

Packs
Standard platter 8-inch 14-inch, 8-inch,
diameters 5-inch and 5-inch
Capacity 100 K bytes to 1 megabyte 2 megabytes to 300 +
megabytes
Average Access Time 0.1 to 1 second 25 to 70 ms

300 rpm

Table 2: Technical comparisons between floppy-disk drives and hard-disk drives,

Hard-Disk Drives,
Cartridges and Disk

2400 to 4700 rpm
1 2+




Look what’s happened to
HIPLAT"

DMP-2 $1,085

$1,850*

nfmnﬂ:"l;‘.

DMP-4

$1,685*

It's grown into a complete
family of quality low cost digital plotters

In just two short years, The
HIPLAT has become the most
popular digital plotter among
small systems users. With a
record like that, what can we do
for an encore? WE'VE IN-
TRODUCED A COMPLETE LINE
OF HIPLATS...with a model
suited for just about every plot-
ting application.

The HIPL@T DMP Series is a
new family of digital plotters
with both ‘“standard” and ‘“in-
telligent” models available with
surface areas of 8%2" x 11" (DIN
A4) and 11" x 17" (DIN A3). For
the user needing a basic reliable
plotter, we have the “old stan-
dard” DMP-2 (8%2" x 11") and the
“new standard” DMP-5 (11" x
17"). For those needing a lit-
tle more capability, there are
the DMP-3 (8'2" x 11") and
the DMP-6 (11" x 17")—both

TM HIPLOT and DM/PL are Trademarks
of Houston Instrument

Circle number 42 for literature
Circle number 216 to have a representative call

Yes, they are UL listed!**

microprocessor controlled and
providing easy remote position-
ing of the X and Y axes (perfect
for the OEM). For those who
want this intelligence plus the
convenience of front panel elec-
tronic controls, we’ve provided
the DMP-4 (82" x 11") and the
DMP-7 (11" x 17").

The “standard’” plotters come
complete with an RS-232-C and
a parallel interface. The “intel-
ligent” DMP plotters accept data
from either an RS-232-C or Centronics
data source. For the “standard” plot-
ters, software is available from
our ever expanding “Micrographic
Users Group.” The “intelligent”
HIPL@Ts use our exclusive
DM/PL™ language which min-
inimizes plot software to a
fraction of that normally as-

houston instrument

GRAPHICS DIVISION OF

BAUSCHS LOMB @)

sociated wth digital plotting.

With the new DMP Series,
high quality digital plotting can
now be a part of your system. It
just doesn’t make sense to be
without this valuable tool when
there is a DMP plotter with the
plot size, speed and capabilities
that are exactly tailored to your
specific needs...and vyour
budget.

Prices for the DMP series
range from $1,085* to $1,985".
For complete information and
descriptive literature, contact
Houston Instrument, One
Houston Square, Austin, Texas
78753. (512) 837-2820. In Europe
contact Houston Instrument,
Rochesterlaan 6 8240 Gistel,
Belgium 059/277445. For rush
literature requests and sales of-

fice information, persons
outside Texas call toll free
1-800-531-5205.

*U.S. suggested retail prices only.
**DMP 2, 3 and 4 UL listed
DMP 5, 6 and 7 UL listing pending



Shugart Associates
Sunnyvale CA

Shugart Technology
Scotts Valley CA

Actuator Type

Positioning Mechanism

high speed band

open loop stepper motor

Memorex Corporation New World Computer
Santa Clara CA Co Inc
Costa Mesa CA

Model 101 211
Unformatted Capacity 117 2.1
(millions of bytes)
Platter Size 200 (7.87) 8 inch
millimeters and (inches)
Number of Platters 2 1
Average Access Time 70 ms 18.825 ms
Maximum Data Transfer Rate = 756
(K bytes per second)
Average Latency 10.1 ms 8.825 ms
Rotational Speed 2964 rpm 3600 rpm
Motor Type DC —
Spindle Drive direct drive —

simplified band

stepper motor

SA1002/SA1004 ST506
5.33/10.67 6.38
200 (7.87) 130 (5.12)

1or2 2
70 ms 170 ms
543 625
9.6 ms 8.3 ms
3125 rpm 3600 rpm
AC brushless DC
belt drive direct drive
band band

stepper motor

open loop stepper motor

Density bpi 6100 8000 6270 7690

Density tpi 195 100 172 254

Physical Size 4.38 by 8.55 by 14 2by 9.5by 9.5 4.62 by 8.55 by14.25 3.25by 5.75 by 8

(inches)

Weight (pounds) 10 8 17 3.5

Single Quantity Price — $4,500 $1,600/$1,980 $1,500

OEM Discount Price $1,200' $1,250 $1,140/$1,400 $925

Cost Per Thousand Bytes $.103 $.595 $.214/$.131 $.145

(OEM Discount)

Comments "Includes a data 20 heads, 8 tracks per First micro Winchester

separator head. Low-end only in Drive. Fits 5-inch floppy
capacity, not in space
performance.
Table 3: Specifications and characteristics of low-end, 5-inch and 8-inch hard-disk drives.
have the basic drive electronics, machined from pole to pole. A coil platters or it could erase them. Effi-

signal amplifiers, read/write elec-
tronics, and motor and servo control
circuitry integrated into the package.
Some have room to add optional,
separately priced controllers to do
error-checking and correction, data
formatting, and interfacing to the
computers.

Stepper-motor actuators are a
technique borrowed from floppy
drives for use in hard-disk drives.
This idea allowed lower prices for
Winchester-technology units such as
the 14-inch Shugart SA4000 and
Century Data Systems Marksman,
but at a cost of greater access time
and reduced storage capacities when
compared with voice-coil actuator-
based units.

A voice-coil actuator is a cylin-
drical, permanent magnet with a hole
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rides on bearings within the magnet
and moves back and forth. The
read/write positioning mechanism
with electromagnetic heads is
attached to the coil. A voice-coil ac-
tuator is positioned by serv.o-control
with servo tracks written on one plat-
ter’s surface at the factory.

Voice-coil actuators allow in-
creases in data-storage capacity
because their accuracy in small

-movements allows high tpi densities.

Since the distance between tracks is
smaller, access time is reduced. Also,
voice-coil actuators do not impose
the additional penalty of settling
time.

One disadvantage of a voice-coil
actuator is the magnetic field pro-
duced by the coil: the coil’s magnetic
field must not get too close to the disk

cient design can keep the magnetic
field intensity at a safe level near the
recording surfaces. Table 2 gives a
partial technical comparison between
floppy-disk drives and hard disks.

Future Technological Progress
Some of the more recent develop-
ments in heads (such as thin film
heads) and disks (thin-film-plated
disks) mean that data densities will
probably advance from the presently
attainable 8 to 10 megabytes per
8-inch surface to 50 or more mega-
bytes per surface as track densities
of 1000 tpi and bit densities of 10,000
bpi are achieved. A small, relatively
inexpensive disk drive could then
store 100 megabytes or more of data
with an additional 100 megabytes
added for nominal cost. Thin-film



AIM 65. The professional’s
microcomputer.

Printer, display, full keyboard. Under $500.00.

e

For professional learning,
designing and work, Rockwell’s
AIM 65 microcomputer gives you
an easy, inexpensive head start.
That’s Rockwell Micropower!

e 20-column printer and display

¢ Dual cassette, TTY and
general purpose I/Os

e R6502 NMOS microprocessor

e System expansion bus

e Read/write RAM memory

e Prom/ROM expansion sockets

e Self-prompt interactive
monitor firmware

e Big terminal-style keyboard

For more on AIM 65 and how

Circle 43 on inquiry card.

you can develop programs in
assembly language or BASIC,
write Rockwell International,
Microsystems, RC 55,

P.O. Box 3669, Anaheim,

CA 92803 or contact your
local Rockwell distributor.
For application information
call (714) 632-3729. For location
of nearest dealer call
800-854-8099, in California
800-422-4230.

’l‘ Rockwell International

..where science gets down to business
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technology may be the next break-
through in mass-storage techniques.

Secondary storage and storage
backup are currently being supplied
by a wide variety of devices,
including

cassette tapes

8-inch floppy-disk drives

5-inch floppy-disk drives

reel-to-reel magnetic tapes

cartridge magnetic tapes

cartridge-disk drives

disk-pack drives

fixed storage Winchester drives

combinations: fixed Winchester-
disk/cartridge-disk drive or
fixed Winchester/magnetic-
tape cartridge

streaming-tape drives

bubble memories

nonvolatile semiconductor
programmable memory

videocassette recorders

video disks

The last three or four types are
more for the future than now. Bubble
memories and nonvolatile integrated
circuits will have the great advantage
of no moving parts and the potential
convenience of plug-in modules; but

%)

they are still quite expensive. At least
one interface and controller for
American and European standard
VCRs (videocassette recorders) is
available to provide removable back-
up for high-capacity disks on small
systems (the Corvus Mirror, manu-
factured by Corvus Systems Inc, San
Jose, California). It stores up to 100
megabytes on one videocassette and
has a transfer rate of 15 K bytes/se-
cond. Video disks have the potential
to offer extremely high data-storage
capacity and fast access rates (up to
1250 megabytes per 12-inch disk,
equal to approximately four times the
contents of the Encyclopaedia Britan-
nica).

Small vs Large Hard-Disk Drives

Hard-disk drives for small systems
fall roughly into two size categories:
up to 12 megabytes and over 12
megabytes; and two performance
categories: slow, with stepping-motor
positioning, and fast, with voice-coil
positioning. Those with stepping-
motor positioning have average ac-
cess times of 70 ms and capacities of
under 12 megabytes. The drives with
fast voice-coil positioning have

IMPACT PRINTER

A3 sgq9.00

AXIOM

“The base 2 outperforms every printer in its

price range. Do a comparison and see for

yourself...”

Other models
CENTRONICS
779 witractors

% GRAPHICS x TRACTORS/FRICTION FEED

e 2K Input Buffer ¢ RS-232 Serial, Centronics® Parallel,
|EEE-488, 20 ma ¢ TRS-80 Cable option ¢ 60 LPM - 100
CPS e Fast form feed ¢ User programmable character
set ® 64, 72, 80, 96, 120, 132 Columns/ line ¢ Expanded
characters ¢ 9.5” wide paper ® Automatic skip-over-
perforation e Horizontal & Vertical tabs ® Programmable
vertical line spacing ¢ Intel 8085 Microprocessor — over
40 software commands e Self test ® 15 Baud rates to
9600 Baud ¢ Optional foreign character sets

Interfaces to TRS-80, Apple, Atari, PET, Northstar, and most

other computers.

Circle 44 on inquiry card.

average access times ranging from
25 ms to 50 ms, with models that fall
into both size categories. The less ex-
pensive units are aimed at replacing
floppy-disk drives directly. Examples
of this type of product are the
Memorex 101, the Shugart Associates
SA-1000 series, and the Shugart
Technology ST 506. The high end is
led by IBM with the Piccolo drive,
which is integrated into the System
34, and is an add-on peripheral for
the Series 1. It features a rotary voice
coil, 17 ms average access time, and
up to 64.5 megabytes of storage
capacity. Other contenders in this
category offer high performance in a
wide range of sizes (eg: the BASF
Systems 6170 Series, IMI (Interna-
tional Memories, Inc) 7700 Series,
Kennedy Company 7000 Series,
Microcomputer Systems MSC-8000,
Micropolis Corporation Micro Disk
1200 Series, Pertec Computer Cor-
poration D-8000, and Priam Diskos
2050/3450).

The disk capacity and the perfor-
mance you need depend on your par-
ticular application, which in turn has
a significant impact on the cost of a
system. Small-system applications, as

- TELEVIDEO CRT’S

PRICES SLASHED!

|

912C
920C

$ CALL
$ CALL

PRINTERS
OKIDATA

Microline 80
w/tractors

PAPER TIGER
wigraphics
QUME

Letter Quality 5/45
w/tractors

" out rree (800) 854-8275 -

CALIF. ONLY (714) 630-3322

CHARGE,

dents add 6%.

revision.

Phone orders WELCOME. Same day
shipment for VISA, MASTER
and AMERICAN EX-
PRESS. Personal checks require 2
weeks to clear. Add 3% for ship-
ping and handling. California resi-
Manufacturer's
warranty included. Prices subject to

f Orange
Micro

P.O. Box 2076

Yorba Linda, CA 92686




What's the difference
between Basic and Pascal?

COMPARE THESE APPROACHES TO DRAWING A CIRCLE

W BAsSIC

“Thisiseasy...”

1606 MoOVE RO

Il FOR T=0 10 30 STEP 25~
120 DRAW R¥Cos(T), R¥SINCT)
3¢ NEXT °T

“Oops, didn't quite meet ...
... but that’s easy to fix.”

160 MOVE RO ey

ll0 FOR T=0 To 360’ sTER 25
|20 DRAW R¥6SCM), R¥ SINCTD
130 NEXT T

“Oh, now it closes ...
in fact, it overlaps.”

Programming by trial and error

in Pascal

“The simplest circle drawn with line
segments is a regular polygon ...”

procedure Circle (X, Y, Radius: real);
const Sides = 16; Pi = 3.14159265;
var N :integer; Theta : real;
begin
Move (X+Radius,Y);
for N: = 1 to Sides do begin
Theta: = 2 * Pi * (N/Sides);
Draw (Radius * cos (Theta) + X,
Radius * sin (Theta) + Y);
end;
end;

Programming by design

~ GETIT RIGHT THE FIRST TIME

INTERNATIONAL T AU D . A I P s T PP TR = T T ol B g i e ]

DISTRIBUTORS

Australia: Sydney
Network Computer Services
290-3677

I

|

|

|

Canada: Vancouver I
Valley Software I
I

I

|

|

|

Oregon

(604) 291-0651

England: London
Real Time Products
01-588-0667
2340 SW Canyon Road ° Portland, Oregon 97201

Japan: Tokyo (503) 226-7760 + TWX 910-464-4779

Rikei Corporation
03-345-1411
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If you like the feel of precision tools, give us a call or return this coupon.

Name

Firm

Software -
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mentioned before, can be placed in
two major classes: single-user, single
task and multi-user, multi-task.

® Single-user, single-task systems
are usually stand-alone work-
stations, intelligent terminals, or
personal computers. Their chief
use of magnetic storage, in
general, is for program storage
and data storage. The amount of
storage required is often less than
10 megabytes. Because the speed
need only match one human
operator’s response time, there is
no benefit to be derived from
disks with extremely fast access
times. An average access time of
70 ms is usually sufficient in such
applications. This class of ap-
plication is cost-per-unit-
oriented, since the storage device
is dedicated to one user. It is
price-oriented, and performance
is not a vital factor. The low-end,
small hard-disk drives fill this
need splendidly.

® Multi-user, multi-task systems re-
quire that more than one,
sometimes many, users have ac-
cess to a common data base.

They typically require from 30 to
100 megabytes of magnetic
storage, usually on one spindle.
Some require less storage and
some will require multiple
spindles. The cost per byte of
storage is a more important con-
sideration than the cost per drive
unit, because the basic device
cost is spread over many users.

Multi-user, multi-task systems re-
quire an average access time of 50 ms
or less because multiple users must
contend for the common storage de-
vice. The main purpose of these ap-
plications is usually not to share the
processing power, but rather to share
the data. These systems are often
“disk-bound” rather than “computer-
bound.” Disk performance becomes a
critical factor in system performance.
Even when the disk capacity required
might be relatively small (8 to 10
megabytes), the fast performance of
the high end mini-disks will be re-
quired.

With their faster access times,
higher capacities, greater reliability
and OEM (original equipment manu-
facturer) quantity prices ranging from

/|

capability.

Us!

N New Features.
Relocatable Object Modules.
Reduced Compile Time. AND MORE!

Meet our new, improved Pascal/Z™ The true Z-80
compiler that's 5-10 times faster than P-code, and
produces ROMable re-entrant code for true multi-tasking

Our new compiler adds features like variant rec-
ords, strings and random access. Also included are an
improved macro-assembler that generates Microsoft-
compatible relocatable object modules; a linker/loader
and source on the full library. All six programs on a
CP/M®-compatible disk, $395. (Other formats and OEM
licenses available.) For more information, call or write.

lnnfersyysiems™

Ithaca Intersystems. Inc., 1650 Hanshaw Road/PO. Box 91,
Ithaca, NY 14850 « 607-257-0190/TWX: 510 255 4346

© 1980, Ithaca Intersystems Inc. CP/M registered trademark of Digital Research
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$1000 to $5000 (some may soon drop
below $1000), both classes of the new
hard-disk drives should be attractive
to personal-computer systems
builders who want additional
capacity and performance, but not
the traditional 14-inch disk size and
price per unit. Some complete
packages of drives, controllers, inter-
faces, and power supplies are
available for about $5000. Even
though they cost five to ten times as
much as the processor, these units are
still cheaper per drive than 14-inch
drives. They are also applicable
where more capacity and perfor-
mance than a floppy disk can supply
are needed, but the space or the cost
of a 14-inch disk drive is prohibitive.
Tables 3, 4, and 5 list some of the cur-
rent disk-drive products for small
systems. The reliability and main-
tainability of these products are
essentially high and are consistent
across the board. (See table 6.)

Controllers and Interfaces

One of the problems with the new
8-inch hard-disk drives is the variety
of interface systems to choose from.
Such variety is inevitable at this stage
because of the many personal com-
puters already on the market, and the
diversity of interface requirements. In
the absence of a comprehensive inter-
face standard, many of the drive sup-
pliers have designed their own. A
similar situation has developed in the
audio industry. Consider the many
types of noncompatible audio record-
ing standards including: the LP (long-
playing) record, 45 rpm records, open
reel tapes, cassettes, and eight-track
cartridges. This kind of variety at the
outset of new products is not neces-
sarily bad—there is much freedom for
innovation.

In August of 1979 an ANSI (Amer-
ican National Standards Institute)
Subcommittee (number X3T9.3)
began to standardize an interface for
8-inch hard disks. If a standard inter-
face is widely accepted by the in-
dustry, users may soon be able to in-
terface drives from several vendors.

Types of Interfaces

There are two main categories of
disk-drive interfaces, device level and
host level. The main characteristics
for the device level are:

® serial data transfer
® formatting/de-formatting exter-
nal to drive
Text continued on page 138
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COMPUTERS-TERMINALS—MODEMS!

NEW!
TI-99/4 Home Computer

Optional color monitor

$449

Main console unit

$889

(Includes RF modulator for use with any TV)

Wirite for a list of extensive
program modules available—
everything in games, education,

and home computer applications.

NEW!

From Perkin-Elmer
1250 Super Owl

s

Intelligent CRT

Incredibly powerful and flexible

e 24 fully programmable function keys

o Full screen editing capabilities

e RAM memory for down line loading by
host computer

e Built-in printer port

e Full polling capabilities

e Detachable keyboard

e Optional light pen
Much more!

Penril 300/1200 Modem

Connect any computer or terminal to the phone lines.

1200 Baud— Bell 212A
300 Baud
Originate/Auto answer
Full duplex

RS232

1 year warranty

$799

Direct connection to the phone lines
via RJ11C standard extension phone jack

USR-330 Modem

0-300 Baud—Bell 103/113
Originate/Auto answer
Half/Full duplex

RS232

1 year warranty

$339

Direct connection to the phone lines
via RJ11C standard extension phone jack

USR-1600P Computer

PASCAL

With power and speed for
business, educational,
and scientific applications.

W.D. Microengine-based single
board computer with 64K RAM

1 megabyte of floppy disc

2 parallel ports

2 serial ports

Floppy disc controller with DMA
File manager

Screen oriented editor

Single cabinet design

Includes power supply

Perkin-Elmer
Bantam 550 CRT

$749

Transparent mode
Addressable cursor
Editing functions
Upper/lower case
Compact

The Phone-Link
Acoustic Modem

NEW!
$179

Sleek, low profile

0-300 Baud
Originate/Answer modes
Half/Full duplex

Self-test

RS232 —Will work with any RS232
computer or terminal

LED displays of all functions

1 year warranty

At your computer store now!

Perkin-Elmer 650/655
CRT Page Printer

100 CPS

Quiet

Compact

RS232

Can be added to
any CRT with our
interface option.

$999

The printer designed to give you rapid, reli-
able, hard copy of your CRT screen display.

DEC LA34
$995

e Teletype 43 plug compatible
® Variable character sizes
o Full width paper
® Many more features
Wirite for print sample

Teletype Model 43KSR $1049
Microterm Mime IIA CRT $819
Microterm ACT VA $779

We offer full service, on-site maintenance plans on all equipment.
Any product may be returned within 10 days for a full refund.

1035 WEST LAKE ST, CHICAGO, ILL. 80807

SALES

GENERAL OFFICES

SERVICE

(312) 733-0497
(312) 733-0498
[BIR) 7338-0499




Programming Ouvickies

Self-Reproducing
Programs

John Burger, David Brill, Filip Machi,
System Development Corporation, 2500 Colorado Ave,
Santa Monica CA 90406

Listing 1 is a C program that duplicates itself. When the
program is run it produces (on the standard output) a file
containing an exact copy of its own source code. This
program runs under the UNIX operating system and uses
the American Standard Code for Information Inter-
change (ASCII) character set. If this program is compiled
on a system using a different character set, the octal
values of “q” and “n” must be changed to the numbers
representing that system’s codes for the quote and new-
line (or linefeed) characters, respectively.

Why We Wrote a Self-Reproducing Program

A while back, Pascal News contained a listing of a
Pascal program called PRINTME that performs this feat.
(See reference.) The Pascal listing took 46 lines of code.

We are currently writing a large system in the C lan-
guage. We considered the Pascal program to be an
unstated challenge, and in response we wrote a C version
of the PRINTME program that works pretty much the
same way as the Pascal version. This version is shown in
listing 2.

This version is more elegant than the Pascal version
and is 12 lines shorter. It takes a total of decimal 1313
bytes to store the source code. Then, one of us who once
had done a lot of LISP programming wrote a LISP func-
tion that evaluates to itself. This function takes exactly
279 bytes of memory in which to store the print image of
the code. The LISP function is shown in listing 3.

A week or so after the LISP function had been written,
we were all discussing the similarities of LISP and C.
From this discussion, we developed the C program of
listing 1. It works like the LISP function and takes 126
bytes in the source code file.

For purists, though, a still shorter C version can be
written. The C compiler, like a LISP compiler, sees all
programs as a stream of bytes, and linefeed characters are
parsed as spaces. Thus a C program could be written all
on one line. The program in listing 4 is written on a single
line in order to remove the necessity of printing linefeeds
in the internal print.

Note that the octal ASCII values for the quote and line-
feed characters have been replaced by decimal values
(gaining one byte per number) and that all linefeeds ex-
cept the last have been removed. Our C compiler seems
to require at least one linefeed at the end of the file. The
source code for this program is only 101 bytes long!®



m MAGIC WAND .

ALMOST
PERFEC.

We’ve been saying it for a few months
now, and the reviewers seem to agree.

¢ 6 Until I saw the Magic Wand, if I were allowed to own one and
only one editor, Word Star* would have been it. . . . My personal

preference is for Pencil or Magic Wand for text creation.?d 9
Jerry Pournelle
On Computing, Summer 1980

¢ € The basic functions of the Magic Wand editor are as easy to learn
as those of Electric Pencil*. . . . Magic Wand dominates in the area

of print formatting.? 9 Larry Press
On Computing, Summer 1980

¢ € Of all the word processors I have used (and that includes a dozen
or more), the Magic Wand is the most versatile. The Wand has
almost all of the features of other processors, plus many new ones of
its own. It measures up to even the word-processing software running

on the largest mainframe computers.? 9 Rod Hallen
Microcomputing, June 1980

€ € The Magic Wand is one of the most flexible word processing
packages available, and should be considered by any potential word

processing purchaser.? 9 Glenn A. Hart
Creative Computing, August 1980

Available for both the CP/M® and OASIS operating systems

staall business applications, wc.
3220 Louisiana e Suite 205 ® Houston, Texas 77006 e 713-528-5158

Electric Pencil is a trademark of Michael Shrayer Software, Inc
WordStar is a trademark of Micro Pro International, Inc.
CP/M is a registered trademark ol Digital Research Corp
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Software
Development

Tools
PASCAL/M™

The CP/M™ compatible language

for 8” 8080/280 CPU’s, NorthStar

E/ID' Cromemco CDOS & TRS-80
od Il

e Random access files

® Runtime debug support

e Over 45 extensions to Standard
Pascal

® 9511A math chip version available

$175. Manual alone - $10.

AT

NEW! CP/M compatible macro
assembler for Z80, 8080/85, 6502,
& 6800.

FINALLY, one assembler that sup-
ports all major 8 bit micros and
runs under CP/M. ACT is available
now in 8" soft sectored & NorthStar
CP/M formats.

COMING SOON: ACT FOR
8086/88 & 6809.

$125. Manual alone - $15.

PEARL™

The application software
generator.

Pearl asks questions that a pro-
grammer would have to answer to
code the system. You answer the
questions and Pearl uses built-in
logic to construct both subroutines
and mainline programs. The system
then complies and executes your
program code.

e Level 1: For Personal Computing
- $130.
e Level 2: The Business Assistant
- $350.

e Level 3: Advanced Software
Development - $650.

CBASIC2™ required.
Manuals alone - $25. each

CBASIC2

Latest release 2.06, CP/M2-MP/M™,
or TRS-80 Mod |. Specify CP/M ver-
sion & format (8" soft-sectored,

NorthStar, Micropolis, TRS-80, etc.)

$95. Manual alone - $15.

DIGITAL
MARKETING

2670 Cherry Lane
Walnut Creek, CA 94596
(415) 938-2880

Pascal/M & ACT are trademarks of Sorcim
CP/M & MP/M are trademarks of Digital Research
Pearl is a trademark of Computer Pathways
CBASIC is a trademark of Compiler Systems
TRS-80 is a trademark of Radio Shack

Outside USA add $10. for postage & handling
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Listing 1: Four-line C program which duplicates itself without any user input. If a non-
ASCII character set is used on your system, the values of “q" and “n"’ must be changed
to the values representing that system’s quote and newline (linefeed) characters.

main () {

char g=042,n=012,

*a="main () {$cchar g=042,n=012,%c*a=%c%s%c; %cprintf(a,n,n,q,a,q,n,n);}sc";
printf(a,n,n,q,a,q,n,n);}

Listing 2: Original self-duplicating C program.

char *text [] = {
“"char *text [] = {",
ng psn,
“main () (",
char newline = 012, quote = 042, escape = 0134, *p, **pp;",
oL printf (\"%s%c\", *text, newline);",
" for (pp = text; *pp; pp++) {",

i printf (A $c\", quote);",
" for (p = *pp; *p; p++) (",
a if (*p == guote)",

putchar (escape);",
putchar’ (*p);"s
" ]“,

printf (\"%c,%c\", quote, newline);",
" I,

" for (pp = text + 1; *pp; pp++)",
" printf (\"%s%c\", *pp, newline);",

wyw,

@ };
main () {
char newline = 012, guote = @42, escape = 0134, *p, **pp;
printf ("$s%c", *text, newline);
for (pp = text; *pp; pp++) |
printf (" %c", quote);

for (p = *pp; *p; p++) |
if (*p == quote)
putchar (escape);
putchar (*p);
}
printf ("$%c,%c", quote, newline);
}
for (pp = text + 1; *pp; pp++)
printf ("$s%c", *pp, newline);

Listing 3: Self-duplicating LISP function which inspired the C program in listing 1.

(PRINTME (LAMBDA NIL (PROG (A B)

(SETQ A (QUOTE (PRINTME (LAMBDA NIL (PROG (A B)
(SETQ A (QUOTE FO0O))
(SETQ B (COPY A))
(RPLACA (CDADDR (CADDAR (CDDADR B))) A)
(RETURN B))))))

(SETQ B (COPY A))

(RPLACA (CDADDR (CADDAR (CDDADR B))) A)

(RETURN B))))

Listing 4: Final one-line, self-duplicating C program. This program is written on a single
line to remove the necessity for code to generate linefeeds. However, the program is too
long to display here without breaking the line. The program shown is to be written and
compiled as a single line of source code.

main () {char g=34,n=10,*a="main() {char g=34,n=10,
*a=%csstc;printf(a,q,a,q,n);}sc";printf(a,q,a,q,n);}

Reference
Pascal News, Pascal Users' Group, number 12, June 1978. (Pascal Users' Group, c/o Andy
Mickel, University Computer Center: 227 EX, 208 SE Union St, University of Minnesota,
Minneapolis MN 55455.)




1. QOutlasts every competitor—200,000,000
* character head warranty
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The Evolution of FORTH,

an Unusual Language

Introduction

When I invented FORTH about 10
years ago, my goal was simply to
make myself a more productive pro-
grammer. When I first worked with
computers at MIT and Stanford in the
early 1960s, I figured that in 40 years
a very good programmer could write
forty programs. And I wanted to
write more programs than that. There
were things out in the world to be
done, and I wanted a tool to help me
do them. As I worked on programs
that ranged from satellite orbits to
chromatography to business systems,
I developed FORTH in line with my
overall goal. For several years now, I
have been able to work at ten times
my original rate.

As 1 began thinking of rather
drastic improvements to programs, |
think I was arrogant. I wanted to do
things my way. I was not convinced
that I should not be permitted to, and

I was a bit hard to get along with. The .

arrogance was necessary because I
felt insecure. I was promoting ideas
that everyone said were wrong and
that I thought were right. But, if I
were right, that meant that all the

About the Author

Charles H Moore is Chairman of the Board of
FORTH Inc, a firm created in 1973 to provide
application programming services and pack-
aged FORTH systems. This article is adapted
from a speech delivered at the FORTH Con-
vention held in San Francisco in October 1979.
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Charles H Moore
FORTH Inc
2309 Pacific Coast Hwy
Hermosa Beach CA 90254

other people would have been wrong,
and there were many more of them
than me. And it took a lot of
arrogance to persist in the face of
massive disinterest. i

FORTH is a polarizing concept.
There are people who love it and peo-
ple who hate it. It's just like religion
and politics. If you want to start an
argument, say, “Boy, FORTH's really
a great language.”

This is partly because FORTH is an
amplifier. A good programmer can
do a fantastic job with FORTH; a bad
programmer can do a disastrous job.
[ have seen very bad FORTH code
and have been unable to explain to
the author exactly why it was bad.
There are some visible characteristics
of good FORTH, such as very short
definitions (many of - them). Bad
FORTH often takes the form of one
definition per block—big, long, and
dense. It is quite apparent, but dif-
ficult to explain, why or how a
FORTH program is bad.

BASIC and FORTRAN are less sen-
sitive to the quality of the program-
mer. | was a good FORTRAN pro-
grammer; I thought that [ was doing
the best job possible with FORTRAN,
but it was not much better than what
everybody else was doing. In this
sense, FORTH is an elitist language.

On the other hand, I think that
FORTH is a language that a grade
school child can learn to use quite
effectively, if it is presented in bite-

size pieces with the proper motiva-
tion.

FORTH is the first language that
has come up from the grass roots. It is
the first language that has been honed
against the rock of experience before
being standardized. I hesitate to say it
is perfect; I will say that if you take
anything away from FORTH, it is not
FORTH any longer—the basic com-
ponents are all essential to the viabil-
ity of the language.

History

What might be called the
prehistory of the FORTH language
goes back much further than 10
years. The first element of FORTH to
exist was the text interpreter, shown
in listing 1. This early version, pro-
grammed in ALGOL at the Stanford
Linear Accelerator Center in the early
1960s, was part of a program called
TRANSPORT, which designed
electron-beam transport systems.
Besides the text interpreter, this print-
out also shows an early version of the
dictionary. The influence of LISP is
evident in the indivisible entity
(which in FORTH is called a word)
named ATOM. As the interpreter
reads a word from a punched card, it
executes the associated routine, as for
DRIFT in this example. The style
resembles that of modern FORTH:
there is no limit on the length of a
word, as you can see by the length of
the word SOLENOID, but only the
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first characters are significant and
words are separated by spaces.
Other very early concepts have
either changed in form or have
evolved dramatically. In listing 2, the
word that has become { : } (colon) in
modern FORTH is called DEFINE ,

(semicolon). This listing also shows
stack operators being defined. As an
example of a concept that has
evolved, consider the dictionary
being sealed by the word SEAL and
broken by the word BREAK . Such
sealing and breaking has since been

while END has become { ; } replaced by the idea of vocabularies.

Listing 1: An early version of the FORTH text interpreter (written in ALGOL).

IF ATOM ="DRIFT” THEN DRIFT

ELSE IF ATOM ="QUAD" THEN QUAD

ELSE IF ATOM ="BEND"” THEN BEND

ELSE IF ATOM ="FACE"” THEN FACE(-1)
ELSE IF ATOM ="ROTATE"” THEN ROTATE
ELSE IF ATOM ="SOLENO" THEN SOLENOID
ELSE IF ATOM ="SEX"” THEN SEX

ELSE IF ATOM ="ACC" THEN ACC

ELSE IF ATOM ="MATRIX"” THEN BEGIN IF NOT FITTING THEN BEGIN
REAL A;
WRITE1(3,0,0,COREIS]); LINE(—(8+42x (ORDER —1)));
FOR J—1 STEP 1 UNTIL 6 DO BEGIN
FOR K—1 STEP 1 UNTIL 6 DO WRITE1(2,8,R1(J,K]x UNIT[K]/UNIT(]],2);
LINE(O) END;
IF ORDER=2 THEN FOR C--1 STEP 1 UNTIL 6 DO BEGIN

Listing 2: An early version of the FORTH words { : } (called DEFINE here) and { ; }
(called END here).

“— "OPEN DEFINE MINUS + END
SEAL “< "OPEN DEFINE - < END BREAK
“"NOT "OPEN DEFINE MINUS 1+ END

"> "“OPEN DEFINE < END

“AND “OPEN DEFINE x END

“"OR "“OPEN DEFINE NOT «NOT AND NOT
“T 1 1 "REAL DECLARE

END

“= "OPEN DEFINE T- ; DUP T< « T> OR NOT END
“# "OPEN DEFINE = NOT END
“< "OPEN DEFINE > NOT END
“> "OPEN DEFINE < NOT END

“DUMP "OPEN DEFINE NAME 10 "ALPHA WRITE; 3 10 "REAL WRITE 0 LINE END

Listing 3: Another prototype of the FORTH text editor, again in ALGOL. In this listing,
the word ATOM (the predecessor of the basic unit in FORTH, the word) has been
replaced by the word W .

120 CYCLE; FILL OUTPUT WITH BUFFER[1],BUFFER[2];

1 WHILE WORD NEQ "“END )

2 IF W=GM1 THEN REPLY("OK “)

3 ELSE IF NUMERIC THEN L:=MIN(W -1,$0F)

4 ELSE IF W="+ " THEN L:=MIN(L + WORD,EOF)

5 ELSE IF W="- " THEN L:=MAX(L -WORD,0)

6 ELSE IF W="T " THEN BEGIN

7 IF WORD=GMI1 THEN W:=1; W:=MIN(L+W —1,EOF);

8 FOR L:=L STEP 1 UNTIL W DO BEGIN

9 POSITION; TYPE END; L:=L-1 END
130 ELSE IF W="R " THEN BEGIN

1 POSITION; REPLACE END

2 ELSE IF W="A " THEN BEGIN

3 L:=EOF:=EOF +1; REPLACE END

4 ELSE IF W="1 " OR W="D " THEN BEGIN

5 IF NOT RECOPY THEN BEGIN

6 RECOPY: =TRUE; REWIND(CARD) END;

) POSITION; IF W="1 ” THEN BEGIN

8 PLACE; REPLACE END

9 ELSE BEGIN EMPTY:=TRUE; IF WORD NEQ GMI THEN BEGIN
140 L:=MIN(L +W -1,EOF); SPACE(CARD,L-LO+1); LO:=L+1

1 END END END
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Listing 3 shows another prototype
in ALGOL, this time of a FORTH text
editor. Here ATOM has become W
and I am looking up plus, minus, and
the commands T, R, A, and [, to edit
a deck program.

Another method of implementing a
dictionary is shown in listing 4. I am
looking up the words in a conditional
statement and setting NEXT, the key
routine of modern FORTH's address
interpreter, to the index.

Listing 5 shows an early implemen-
tation of a stack. Since it is written in
BALGOL, which allows assignment
statements inside other statements, I
could replace STACK[J] with [J+1]
in order to push items onto the stack.
I did this so that I could manipulate
parameters that were interpreted
from the card deck as arguments to
the routines. When I wanted, for
instance, to convert angular measure
from one unit to another, this added
the ability to wuse arithmetic
operators.

From Stanford I moved to the East
Coast, where I programmed on a
free-lance basis for several years.
Some of you probably remember
that, in the 1960s, a programmer at a
typical computer center needed to
learn about nineteen languages in
order to function adequately: JCL
(Job Control Language); languages to
control utilities and facilities, such as
the linking loader; assembly language
and the assembler’s control language;
plus several high-level languages and
the methods for controlling their
compilers.

Listing 6 shows two of these
languages, a PL/I program and the
JCL necessary to run it. Note the
obvious difference in syntaxes.
FORTH developed in response to
such conditions. In terms of modern
FORTH, the importance of this exam-
ple lies in the use of NEXT as a pro-
cedure that goes off to get the next
word and do something with it.

Listing 7 shows a version of
FORTH coded for the IBM
System/360 with the routines PUSH
and POP, which executed in about
15 us. They include stack limit
checking, which doubled the cost and
was one of the things that led me to
believe that execution-time stack
checking is not desirable. This was
coded in a macroassembler that did
not have stack operations, which led
to the deck full of statements like L19
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Listing 4: An early version of the FORTH dictionary.

HANDLER 8 PROCEDURE RELEVANCE; BEGIN REAL T,KO;
CONCESSIONAIRES 9  J:=0; I:= - 1; WHILE WORD NEQ “END  ” DO
180 IF W="= " THEN NEXT:=3
DISTRIBUIDORES 1 ELSE IF W="GT  “ THEN NEXT:=4
O.E.M 2 ELSE IF W="LT " THEN NEXT:=5
. IVL, 3 ELSE IF W="NOT “ THEN NEXT:=6
AUSGEZEICHNETE GROSS = g Ekgg %}; w;néﬁiD " Egﬁ‘ §EE§§;§
HANDELSPREISE stellen nur einen 6 ELSE IF W="+ “ THEN NEXT:=9
Aspekt unseres Hindlerprogrammes 7 ELSE IF W="— “ THEN NEXT: =10
dar. Treten Sie noch heute mit uns 8 ELSE IF W="* " THEN NEXT: i 11
in Verbindung. (Wir sprechen 9  ELSE IF W="/ " THEN NEXT: =12
Deutsch) 190  ELSE IF K0:=SEARCHI(W) GEQ 0 THEN BEGIN
1 NEXT:=1; NEXT:=K:=K0 END
2 ELSE BEGIN
3 NEXT:=2;
4 IF BASE[K]=" " THEN NEXT:=WORDS|0]
5 ELSE NEXT:=W END;
6  NEXT:=0 END;

Listing 5: An early implementation of the FORTH stack, written in BALGOL.

7 BOOLEAN PROCEDURE RELEVANT; BEGIN

8 I:=]:=-1; STACK[0]: =1; DO CASE NEXT OF BEGIN

9 Jo=—13

UN EXCELLENT PRIX DE GROS 210 STACK][J: =]+ 1]: =CONTENT;

ne représente qu'un seul aspect de 1 STACK][]: =] +1]): =NEXT;

notre programme de distribution in- 2 STACK[J: =] —1): =REAL(STACK[J] =STACK[] + 1]);

ternationale. Mettez-vous en contact 3 STACK][]: =] -1]: =REAL(STACK[J]] GTR STACK[]+1]);

avec nous aujourd’hui pour recevoir 4 STACK][]:=]-1]: =REAL(STACK]J] LSS STACK[J+1]);

plus de renseignements. (On parle 5 STACK([J]: =REAL(NOT BOOLEAN(STACK(I]));

frangais!) 6 STACK[J: =] - 1]: =REAL(BOOLEAN(STACK][J]) AND BOOLEAN(STACKIJ+1]));
g STACK[J: =] -1]: =REAL(BOOLEAN(STACK[]]) OR BOOLEAN(STACK[J +1)));
8

9

0

1

2

3

STACK[J: =] =1]: =STACK[J] + STACK[] + 1];
STACK[J: =] -1]: =STACK[J] -STACK[] +1];
STACK[J: =] -1]: =STACK[J] x STACK[J + 1];
STACK[J: =] =1]: =STACK[JJ/STACK[] + 1];
END UNTIL J LSS 0;

RELEVANT: =BOOLEAN(STACK[0]) END;

EL EXCELENTE PRECIO AL
MAYOREO que ofrecemos repre-
senta so6lo un aspecto de nuestro
programa de distribucion inter-
nacional. Péngase en contacto con
nosotros para informaciéon mas
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A.D.D.S. IND. MICRO
ANADEX OKIDATA
APPLE SOROC
CENTRONICS SUPERBRAIN
CROMEMCO  TELEVIDEO
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INTERNATIONAL
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Phoenix, Arizona 85015 U.S.A.

Telephone: (602) 242-996 |
Telex: (0) 668382

DC AL2(*-L18), which gave me a link
from L19 to the previous label. It
worked but it was not pleasant.
Listing 8 shows a similar routine,
this time coded in COBOL. I am set-
ting up a table of identified words
that will be interpreted from an input
stream. Since COBOL does not allow
parameters for subroutines, it is
awkward to do anything meaningful.

New Concepts

About this time, I began to think of
defining a word that would define
other words; and at that time, this
idea was staggering. For example,
{ ;CODE } was a very esoteric word.
I explained it to people, but I could
not express the potential I thought it
had.

It took time to find out exactly
what { ;CODE } should do (it
specified the code to be executed for a
previously defined word). I do not
have the records, but I think the ini-
tial code for { ;CODE } was three or
four lines long; to simplify that code

was one of the driving forces behind
the address interpreter—to make it
possible to code { ;CODE } cleanly.
This had implications as to what
registers should be available.

The fact that W should be saved in
a register for defining words led to
indirect, rather than direct, threaded
code. That was the most complicated
concept I had coded in this evolving
program—probably deserving of a
patent in its own right.

A little bit later, it seemed that
there ought to be an analog of
{;CODE } that specified the code to
be interpreted when you executed a
word. It seemed the natural balance,
but when the idea first arose, I did not
have the foggiest notion of what to do
or what the implementation should
be. The first definition of this analog,
called { ;: } (semicolon-colon),
required three or four lines of code. It
had to do what { ;CODE } did, and
then more.

Out of that came the distinction
between compile-time action and
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execute-time action. It was conve-
nient for words to be coded to act this
way, but it was expensive. It required
not only the address of the code to be
executed, but the address of the code
to be interpreted, as well as the
parameter to be supplied to the code
being interpreted so you could do
something useful.

Late in the 1960s I went to work for
Mohasco Industries, where 1 put
something strongly resembling
FORTH on a Burroughs 5500, cross-
compiled to the 5500 from an IBM
1130. (There is no assembler on the
5500; there is a dialect of ALGOL
called SBOL that Burroughs used to
compile operating systems, not

available to users.) Listing 9 shows
the code definitions of stack opera-
tions on the 5500, which was a stack-
oriented processor at a time when
stack machines were not popular.
The names of some FORTH stack
operators stem from that machine’s
operations; see, for example, DUP .
The symbol ¢ stands for CODE and
distinguishes the assembler’s OR from
the FORTH OR . (Vocabularies were
not yet available.)

Listing 10 gives an example of
FIND (a dictionary search routine)
coded for the 5500. Notice the word
SCRAMBLE, a colon definition mak-
ing a hashed search. Apparently I had
eight threads to the dictionary here, a

Listing 6: The NEXT procedure in PL/I and its associated JCL (Job Control Language)

statements (lines 1 thru 8).

1 /UTILITY JOB SYSTEM,OVERHEAD

2 EXEC PGM =IEBUPDTE PARM =NEW

3 //SYSPRINT DD SYSOUT=A

4 //SYSUT2 DD DSNAME=OQOUTLIB,UNIT =2314,DISP = (NEW ,KEEP),

5 // VOLUME = SER =MOORE, SPACE = (TRK,(100,,10)),

6 // DCB =(RECFM =F,LRECL =80,BLKSIZE = 80)

7 //SYSIN DD DATA

8 ./ ADD NAME=WORD,LEVEL =00,SOURCE=0,LIST=ALL

9 DECLARE KEYBOARD STREAM INPUT,PRINTER STREAM OUTPUT PRINT;
10 NEXT: PROCEDURE CHARACTER(4);

1 DECLARE (1 TEXT CHARACTER(81) INITIAL((81)" "),

2 2 C(81) CHARACTER(1), I INITIAL(81),W CHARACTER(4),

3 WORD CHARACTER(32) VARYING BASED(P),P,NUMERIC BIT(1)) EXTERNAL;
4 DO WHILE CI)=""; I=1+1;

5 [F 1=82 THEN BEGIN; I=1;

6 READ FILE(KEYBOARD) INTO(TEXT); END; END;

7 P =ADDR(C());

8 IF C(I)="-" OR C(I)="." OR "0” LE C(I) THEN BEGIN; NUMERIC ="1"B;

9 IF C(I) NOT="." THEN DO I=I+1 BY 1 WHILE "0” LE C(I); END;
20 IF C(I)="." THEN DO I=I+1 BY 1 WHILE “0" LE C(I); END; END;

1 ELSE DO; NUMERIC ="0"B;

2 IF “"A” LE C(I) THEN DO I=I+1 BY 1 WHILE "A” LE C(I) OR C(I)="-";

3 END; ELSE I=I+1; END;

4 W =WORD; RETURN(W);

Listing 7: The FORTH words PUSH and POP written in IBM 360 assembly language.

0056 830 L18 DC AL2(* -L17)
831 NAME 3,X'445550',0 DUP
03445550 832+ DC AL1(3),X'445550'
00 833 + DC X0’
834 + ORG *-2-VO
835 + DS OH
836 + ORG *"+VO0+1
400004 837 + DC AL1(0*X'40' +X'40'),AL2(4)
5ACO 6014 00014 838 PUSH A SP,MFOUR COSTS 15 US
5040 C000 00000 839 ST 0(,SE)
19CB 840 CR SP.DP
0729 841 BCR 2,NEXT BHR
47F0 667C 0067C 842 B ABORT
001A 843 L19 DC AL2(* -L18)
0444D2CF50400008 844 DC AL1(4),X'44D2CF50',X'40",AL2(8) = DROP
41C0 C004 00004 845 LA SP,4(,SP)
5840 C004 00004 846 POP L T,4(,SP) COSTS 21 US
41C0 C004 00004 847 LA SP,4(,SP)
59C0 602C 0002C 848 C SP; SPOO
07C9 849 BCR 12,NEXT BNHR
47F0 667C 0067C 850 B ABORT
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concept we added back to FORTH
when we developed polyFORTH last
year.

FORTH and the IBM 1130

At Mohasco I also worked directly
on an IBM 1130 interfaced with an
IBM 2250 graphics display. The 1130
was a very important computer; it
had the first cartridge disk, as well as
a card reader, a card punch (as
backup for the disk), and a console
typewriter. The 1130 let the program-
mer, for the first time, totally control
the computer interactively.

FORTH first appeared as an entity
on that 1130. [t was called
F-O-R-T-H, a five-letter abbreviation
of FOURTH, standing for fourth-
generation computer language. That
was the day, you may remember, of
third-generation computers and I was
going to leapfrog. But because
FORTH ran on the 1130 (which per-
mitted only five-character
identifiers), the name was shortened.

What came out of the 1130 was a
cross-assembler that assembled the
instructions, which were then to be
executed by the 2250. I think the 2250
had its own memory, and these things
had to be programmed carefully.
What I accomplished was that the
1130 in FORTRAN in 32 K bytes
could draw pictures on the 2250, fair-
ly slowly; and FORTH, in 8 K bytes,
could draw three-dimensional mov-
ing pictures on the 2250—but it could
do that only if every cycle was
accounted for and if the utmost was
squeezed out. That is why
FORTRAN had to go—I required an
assembler and could not do an
impressive enough job with FOR-
TRAN.

But high-level or colon definitions
were not yet compiled—the compiler
came much later. The text was stored
in the body of the definition, and the
text interpreter reinterpreted the text
in order to discover what it was to
do. This contradicts the efficiency of
the language, but I had big words that
put up pictures and I did not have to
interpret too much. The cleverness
was limited to squeezing out
extraneous blanks as a compression
medium. I am told that this is the way
that BASIC acts today in many
instances.

This machine had a disk drive, and
I am almost certain that the word
BLOCK existed in order to access

—p
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records off the disk. I do remember
that I had to use the FORTRAN I/0O
(input/output) package and that it
would not put the blocks where I
wanted them; it put the blocks where
it wanted them, and I had to pick
them up and move them into my buf-
fers.

At Mohasco I also implemented
FORTH on a Univac 1108, interfacing
it with their COBOL compiler.
Listing 11 displays a set of record
descriptions in a Dun and Bradstreet
reference file (for looking up bad
debts). The layout shows named
fields followed by the number of
bytes allocated.

The Mohasco programs mark the
transition point between something
that could be called FORTH and
something that could not. All the
essential features except the compiler
were present by 1968.

The First Modern FORTHs

The first modern FORTH was
coded in FORTRAN. Shortly
thereafter it was recoded in
assembler. Much later it was coded in
FORTH. It took a long time before I
thought that FORTH was complete
enough to code itself. The first thing
to be added to what had already
existed was the return stack. That
was an important development; the
recognition that there had to be exact-
ly two stacks, no more, no less.

The next thing to be added was
even more important—the full-
fledged dictionary, that is, the dic-
tionary in the form of a linked list. Up
until then, flags had been set or com-
puted GO TOs had been executed to
provide some mechanism for asso-
ciating a subroutine with a word. The
replacement of all that by a code file
containing the address of the routine
made an incredibly fast way of
implementing a word once it was
identified.

The first use of modern FORTH
occurred when it was written for a
Honeywell H316 at the NRAO (Na-
tional Radio Astronomy Observ-
atory). In 1971 I was hired by George
Conant to write a radio-telescope
data-acquisition program: that led to
the next step, the compiler. This
meant the recognition that, rather
than reinterpret a string of text,
words could be compiled and an
average of 5 characters per word
could be replaced by 2 bytes per
word. This gave a compression factor
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Listing 8: A structured table routine, in COBOL.

QOWONDUS WN —

~N

MOVE “"CONFIGURATION"” TO IDENTIFY(4);
MOVE "DATA" TO IDENTIFY(5);

MOVE “FILE” TO IDENTIFY(6);

MOVE "FD" TO IDENTIFY(7);

MOVE "MD" TO IDENTIFY(8);

MOVE "“SD" TO IDENTIFY(9);

MOVE “WORKING-STORAGE"” TO IDENTIFY(10);
MOVE "CONSTANT" TO IDENTIFY(11);

MOVE “"PROCEDURE"” TO IDENTIFY(12);

MOVE “INPUT-OUTPUT" TO IDENTIFY(13);

Listing 9: Code definitions of FORTH stack operations on the Burroughs 5500, written

in SBOL.

LIST
0001 (
0002 ¢
0003 ¢
0004 ¢
0005

0006 ¢ OR ¢OR RETURN

0007 ¢ AND ¢AND RETURN
0008 ¢ NOT 115, RETURN
0009 ¢ DUP ¢DUP RETURN
000A ¢ SWAP ¢SWAP RETURN
000B ¢ DROP ¢DROP RETURN

‘PRIMITIVES" 26 LAST =
S RETURN
<SD RETURN
V 241, RETURN

+® 1

000C ¢ + +1 RETURN

000D ¢ — -1 RETURN

000E ¢ MINUS ¢MINUS RETURN
O00F ¢ * *1 RETURN

0010 ¢ / /1 RETURN

0011 ¢ MOD ¢MOD RETURN

30 SIZE=)

Listing 10: A dictionary search routine, FIND , written for the Burroughs 5500.

0013 ¢SM ¢FIND SCRAMBLE <SD ¢DUP
0014 41 >A 41 >B ¢BEGIN V <U 1771, ¢IF
0015 ¢BEGIN VO <U 1771, ¢IF

0016 l <L RESULT

0017 ¢THEN _ADDR ¢DUP 1 <L <S
0018 0S WORD <U <¢EQUAL c¢IF

0019 V1 U /65 RESULT

001A ¢THEN ¢DUP <SD ¢BACK

001B ¢THEN GET ¢BACK

001C : FIND TOP

¢FIND ¢IF UR <UD ¢B ¢THEN;

Listing 11: Prototype of a file layout, running under FORTH on a Univac 1108. This

version of FORTH was written in COBOL.

DBI DBI/MOORE 33 33

SUBS 1 HDQ 1
NAMEI 19
END

OONO OGNS W

of 2 or 3, not drastic but appreciable.
But execution speed would be much
faster. Again I asked myself, as I had
done when 1 first began modifying
programs: if it was that easy, why
hadn’t anyone else done it? It took me
a long time to convince myself that
you could compile anything and
everything.

Interrupts came around this time. It

DUNS 8 NAME 24 STREET 19 CITY 15 STATE 4 ZIP 5

PHONE 10 BORN 3 PRODUCT 19 OFFICER 24 SIC 4 SICl 4 SIC2 4
SIC3 4 SIC4 4 SIC5 4 TOTAL 5.0 EMPL 5.0 WORTH 9.0 SALES 9.0 MFG 1
HEAD 8 PARENT 8 MAIL 19 CITY1 15 STATEI] 4

was important to utilize the interrupt
capability of the computer, but it had
not been done by me before that—I
did not know anything about inter-
rupts. I/0, however, was not yet
interrupt-driven. Interrupts were
available for the application if it
wanted them—FORTH did not
bother.

The multiprogrammer came along
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a couple of years later when we
developed an improved version of the
system for NRAQO's telescope at Kitt
Peak. This computer wa