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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

Al

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. UniFLEX® fills these requirements
and more. It also has multiple directories, log-in
and password features. UniFLEX® was patterned
after UNIXT™M. 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 Laboralories.

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 ulilities

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

(512) 344-0241
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Management Information Display

Ultrasonic heart sector scan

HIGH POINT
RCSOLUTION

482 tvertical) w 756 “thorizertall

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-
resolutign 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-ZH0

S fpeam_-

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

o .

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
® | ow 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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e i 26 BUILD A LOW-COST, REMOTE DATA-ENTRY TERMINAL

g by Steve Ciarcia

This terminal increases the flexibility of computer home-control systems.

46 AN 8088 PROCESSOR FOR THE S-100 BUS, Part 1 by Tom Cantrell

Part 1 covers the basic design considerations of an S-100 processor board based on Intel's 8088
microprocessor.

86 PENNY PINCHER'S JOYSTICK INTERFACE by Steven Wexler

For about $6 and one night's work, you can add this interface to your system.

116 APL CHARACTER GENERATOR by John W Langer
/his is a simple modification for any video display employing the MCM6571 character generator.

126 CONSTRUCTION OF A FOURTH-GENERATION VIDEO TERMINAL,
Part 2 by Theron Wierenga

Part 2 helps you to complete the construction of the terminal and learn to use the built-in debugging
features.

242 KHACHIYAN'S ALGORITHM, Part 2: Problems with the Algorithm
by G C Berresford, A M Rockett, and ] C Stevenson

A practical BASIC program can be used to explore the power and limitations of this new algorithm.

270 EXPLORING BALLISTICS WITH YOUR COMPUTER by Robert W Jenks
This BASIC program helps the target shooter to calculate the complex path of bullets.

282 AN INTERRUPT-DRIVEN REAL-TIME CLOCK FOR THE TMS 9900
by Thomas G Morris Jr

hree selectable interrupt rates make the Texas Instruments 16-bit processor count time.

V328 A BASIC FLOPPY-DISK ACCOUNTING SYSTEM by Joseph ] Roehrig

Here's a complete six-program package to keep your budget records in order.

."‘qh__
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76 DISSECTING THE TI SPEAK & SPELL by Michael A Rigsby

With these notes you can move toward the eventual goal of getting this toy to talk under personal-
computer control.

102 MACHINE PROBLEM SOLVING, Part 1: Trial-and Error Search, A
Mechanical Plan to Save the Missionaries by Peter W Frey
Simple games help to express this method of solving problems with computers.

180 FCC REGULATION OF PERSONAL- AND HOME-COMPUTING
DEVICES by Terry G Mahn

New rulings by the FCC will affect the use and manufacture of personal computers.

206 VARIETIES OF THREADED CODE FOR LANGUAGE
IMPLEMENTATION by Terry Ritter and Gregory Walker

Some kinds of threaded code are position and system independent.

230 EDUCATION FORUM: NEW CULTURES FROM NEW TECHNOLOGIES
by Seymour Papert

Children should learn to compute in the same way they learn to talk.
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own equipment, and even “homebrew” it from scratch. The cover photograph by Raoul
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Theme articles in this issue include a build-it-yourself, low-cost, remote data-entry
terminal (from Steve Ciarcia); exploring the TI Speak & Spell; a pennypincher’s joystick
interface; and the beginning of a multipart article on building an 8088 processor for the
S-100 bus. Along with these are features on threaded code; FCC regulations and your
personal computer; machine problem-solving; some tax hints for personal computer
owners; and much more.

You've probably noticed that this issue of BYTE is on the large side. In fact, it’s the
biggest issue we've ever printed. The extra space allows us to bring you even more
articles and features in this issue and in the coming months. . . . CM
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RS-170 com-
posite or direct
drive output

Local or
external sync
generation

4 or 5 Mhz
Z:80 micro-
processor

60 hertz real-
time clock

8 level =i
interrupt tie-in

IEEE S100 bus
compatible

Screenware™ Pak I

A 4K byte operating system resident in PROM
on MicroAngelo™ Pak | emulates an 85 char-
acter by 40line graphicsterminal and provides
over 40 graphics commands. Provisions exist
for user-defined character sets and directly
callable user extensions to Screenware Pak 1.

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

(703) 827-0888

[CROANCELO

HIGH RESOLUTION GRAPHICS SINGLE BOARD COMPUTER

by

SCION

CORPORATION

Light pen
interface

Time multi-
plexed refresh

4K resident
Screenware™
Pak I operating
system

32K RAM
isolated from
host address
space

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



Now-Break Through The 64K
Micro-Memory Limit!

SWEET
SIXTEEN

Bank Selectable 16K Static RAM
"EEEBEEEL E |

gy

T e —
SAVE $50.00

LIMITED TIME OFFER

Don't buy any more antique RAMs (RAM without
bank select) — now there's Netronic's new
SWEET SIXTEEN board featuring a universal soft-
ware bank select system. SWEET SIXTEEN is
capable of addressing 2.048 different banks.
With SWEET SIXTEEN boards you can add mem-
ory beyond the 64K timit, or expand to a multi-
terminal system.

LOOK AT THESE FEATURES:

® 300 NS, low power 2114's,

® Software Bank Selector — Universal decader
warks with Cramenco. Alpha Micra, Netronics. most
other systems. or your design. Onboard dip
switches: Bank Select Enable: Reset Enable: Reset
Disable; Port Address; Port Data.

® All Inputs And Outputs meet the praposed IEEE
standards for the S-100 bus.

® 4.0 MHz Operation.

Schmitt Trigger Buffer on all signals far maximum

noise immunity.

® Addressable On 16k Boundaries. 0-64k. dip

switch selectable.

Phantom Option, dip switch selectable.

PWR/MWRITE Optian, dip switch selectable.

LED Indicator to display status.

Glass Epoxy PC Board with gold-plated contacis

and double -sided solder mask.

® Fuily Socketed.

® Four Separate Regulators for maximum stability.

10-Day Money-Bsck Policy For Wired & Tested
Unit: Try a fully wired board — then either keep i,
return it for kit or simply rerwm it in working condi-
tian.

Continental U.S.A. Credit Card Buyers

semuussssss Outside Connectict!: puuunnnnsnns

CALL TOLL FREE:
800-243-7428

From Connecticut Or For Assisiance
{203} 354-9375

Please send the items checked below:

[ SWEET SIXTEEN kit; No. S-16 ... (reg. price
$248.95) now $199.85*

[ SWEET SIXTEEN, fully assembled, tested,
burned in; No. S-16W ... {reg. price $289.95}
now $239.95*

*Plus $2 postage & insurance. Cannecticut residents
add sales tax.
Total Enclosed: S
O Personal Check O Money Order/Cashier's Check

(3VISA O Master Charge (Bank No.

Acct. No. Exp. Date

Signature

Print

Name

Address

City

Sate________Zip

R\NETRONICS

RESEARCH & DEVELGPMENT. LTD.
333 Litchfield Rd , New Milford, CT 06776
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Editoris!

Intellectual Ethics and Software

An Inquiry Into the Nature of Ideas,
Academia, and Commerce

Carl Helmers

Recently, I encountered an old problem again. A problem in this sense is a
body of questions and my tentative answers. An old problem is like an old
jacket. You get familiar with the intricacies of its individual creases, wrinkles,
and holes. It may not be currently stylish, or even in the best of conditions. Yet
it is hardly worth throwing out because of a shared body of experience. So, I
had long ago packed this problem away in my mental baggage.

The problem I refer to is ethical in nature; it has epistemological attributes as
well. It is the problem of interfacing the world of ideas with the world of com-
merce. In its simplest form it is a two-part question: “who originated an idea?”
and “what is the value of that idea?” The problem, which has great practical
implications in our technological civilization, is that of encouraging innova-
tion by means of rewards in the worlds of ideas and commerce. The ethical
position implicit in my viewpoint is simple honesty. Its intellectual expression
is that credit should be given where credit is due in a freely operating world of
ideas. In a laissez-faire world of commerce, its expression is that value in the
marketplace should be given where value is due, in a framework of freely
chosen relationships.

We humans have two worlds of activity: the intellectual world and the
world of commerce. Each has its own characteristics. One deals with ideas and
thoughts freely expressed. The other deals with material goods freely traded in
the marketplace. We can engage in both of these very natural human pursuits
to the extent that we are politically free of arbitrary laws and interference.

What, you might ask, brings about a discussion of ethics in the marketplace
at this time? The particular impetus to this discussion is an incident that came
to my knowledge at a recent trade show. Inasmuch as the incident is far from
closed, I will not disclose the names of the parties involved. But the situation in
its abstract form is worth using to explore some of the ethical problems of
commerce in ideas, particularly software for small computers.

Several years ago, a small group of academics began pursuing a particular
line of inquiry that related to the nature of computer design for human interac-
tion. The charter of this group of researchers might have been expressed as:
“Find the problems of human interaction with computers, and experiment with
any solutions you may find.” As in any academic pursuit, the inquiry
generated many published papers over more than a decade. The fact that these
papers also generated some exciting hardware and systems software entered
the picture along the way.

Both the software and hardware developments of this group’s research have
been and are generously underwritten by the sponsoring organization where
the activity takes place. In fact, the sponsoring organization did not expect the
research to have any immediate practical expression in the marketplace,
because it was basic research.



“For reliable data storage,
I recommend systems with
Shugart disk drives? iy

“The last thing you need when you put
your personal computer or small business
system to work is a disk drive that you
can’t rely on. If the drive quits, your
system s out of business?’

Thats why more and more manu-
facturers and dealers depend on Shugart
disk drives for reliable data storage. These
professionals don’t want disk drive prob-
lems any more than you do. Shugart has a

TM-—Minifloppy is a trademark of Shugart Associates.

large family of drives, too—in all sizes and
capacities to suit your system storage
needs. For the smaller system, the original
5%-inch Minifloppy ™ stores 250 to 500
kilobytes (single or double-sided)—that’
about 50 to 100 pages of printed material.
Our single and double-sided 8-inch
floppys store 800 to 1600 kilobytes. And
for systems that need a larger data base,
our 8-inch or 14-inch fixed disk drives

store from 5 to 58 megabytes. No other
manufacturer offers such a wide variety of
disk storage for personal computer and
small business systems.

Word processing, general business,
accounting—big system or small, you can
rely on Shugart drives. 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
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ADVERTISE!

CHECK THEM—CALL TOLL FREE!

800-243-7428

LOOK WHAT WE OFFER!
(
® HAZELTINE

Terminals

® CENTRONICS

Printers

® LEAR-SIEGLER

Terminals/ Printers

® DATAPRODUCTS

Printers

® ANADEX

Printers

BE SMART-
DON'T BUY
UNTIL YOU
CHECK OUR
PRICES!

2

— MASTERCHARGE
— VISA ___COD
— PERSONAL CHECK
—— MONEY ORDER

INNETRONICS

RESEARCH & DEVELOPMENT, LTD.
333 Litchfield Rd.. New Milford. CT 06776
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Naturally, the members of the
group communicated with others at
similar academic and industrial
research laboratories of the land, by
means of conversations at con-
ferences and meetings, as well as writ-
ten communications of academic pro-
fessional organizations. This type of
communications between peers is an
essential part of any productive
research field. In short, word of their
ideas got out.

Enter the publicist.

Now, intellectually and ethically
we cannot argue with the following
thought: when an opportunity is
available to pursue some perceived
value, we should go ahead and pur-
sue it. There is no way one could
complain about this kind of action
since it is the essence of human ac-
tivities. This attitude is a prelude to
all research and innovation.

The publicist had all the right
words. He was fluent in the jargon of
computers. He perceived the enthus-
iasm with which the researchers
described their activities personally
and in print. He thought it would be
good to tell the world about what was
going on. And that is what he pro-
ceeded to do by means of a self-
published work which was indeed
ahead of the technology of practical
general-purpose microcomputers.

Up to this point, our publicist had
done nothing to which we could ob-
ject. He was taking published works,
analyzing them and pointing out the
implications that these works have.
But having caught the enthusiasm, he
was beginning to grow impatient.
After all, our researcher friends are
involved in research, not in en-
trepreneurial activities. What our
publicist had done, however, was
create among people stimulated by
small computers an intellectual and
commercial demand for an excellent
concept.

Enter the entrepreneurial program-
mer. He is the archetypal program-
mer who, given a challenge, immedi-
ately proceeds to code. Probably as a
result of the ballyhoo created by the
publicist, the entrepreneurial pro-
grammer proceeded to dig up the
published works of our thinker
friends.

These works were indeed complete,
and can be found in the technical
journals published during the 1970s.
They even include all the information
necessary for the entrepreneurial pro-

grammer to implement a version of
one of the crude, early approaches
our researcher friends investigated in
their pursuit of the problem. Now, as
a published work, these documents
were intended for use by other
researchers and anyone else with a
programming problem.

The problem arises when we ex-
amine the manner in the which the
publicist was going to use the pub-
lished works of our researchers. It is
one thing to implement a version of a
program and sell the particular exam-
ple as a toy. But it is quite another
thing to name it the same as our
researchers’ ongoing project, imply in
advertising that it is the same (when it
is not), and generally imply that its
use is sanctioned by its original
authors at the research establishment.
This is not the same as simply
crediting the source in a published
work and proceeding to implement a
version under a different name and
with particular variations.

Here, we find the complicity of the
publicist and the entrepreneurial pro-
grammer as a pair. The publicist now
had an opportunity to reach for the
brass ring of the software that our
research friends had not yet made
available to him. He found the ring in
the entrepreneurial programmer’s
product. So, the publicist has recently
been pushing the entrepreneurial pro-
grammer’s product at whatever
forum he can find. This situation had
been fermenting for some time when
all parties showed up at a recent con-

vention,
The situation came to a head at the

convention when our researcher
friends arrived on the scene. I became
involved to the extent of providing a
sympathetic ear in conversation with
one of my friends from the laboratory
in question. By all reports, the en-
trepreneurial programmer later be-
came involved in some heated dis-
cussion of these points with the pub-
licist, my research friends, and
several individuals well aware of the
issues involved (not including
myself).

As of this writing, the matter re-
mains unresolved. The entrepreneur
still has not decided whether to
change the name of his program or
not, but I hope that, through the
mediation of several individuals who
know the facts of the matter, he will
recognize the error of his ways and,
in so doing, learn a bit about the in-



At Intersystems,
‘dump” is an instruction.

Not a way of life.

(Or, when you're ready for IEEE
computer be ready for yo

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 JEEE 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
[I™ 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 a/l |EEE 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 |EEE 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

S-IOO,] will your

u?

economical 2-serial, 4-parallel
Multiple I/0O board. 8-bit A/D-D/A
converter. OQur 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| ™
[noferyyysienns
Ithaca Intersystems Inc.,
1650 Hanshaw Road/P.O. Box 91,

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




The deys of complicated, unrelieble,
dynamic RAM are gono

IHTHODUCING

the ultrabyte memory board

$199.95 (.

Netronics consistently offers innovative products at un-
beatable prices. And here we go again —with JAWS,
the ultrabyte 64K S 100 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 . . . |atched
data outputs ... 200 NS 4116 RAMs . . . on-board
crystal . . . 8K bank selectable . . . fully socketed . . .
solder mask on both sides of board . . . desipned for
8080, 8085. and Z80 bus signals . . . works in Explorer,
Sol. Horizon, as well as all other well-designed S100
COMpULETS.

GIVE YOUR COMPUTER A BIG BYTE OF MEMORY I

POWER WITH JAWS — SAVE UP T0 90 ON
INTRODUCYORY LIMITED-OFFER SPECIAL PRICES/

UNDECIDED? TRY A WIRED 16X JAWS IN YOUR COMPUTER ON OUR

Iﬂ-D‘YMﬂﬂEY BAX m(smmcmrm

mmmtm ¥.S A CREWTCARD IWEB CHT SIOE COMMECTICHT CALL

CALL TOLL FREE 800.243 7428 i

Fram Conaecticat Or For Awsistence. (203) 354-9375

Oept. 1
r\"['mn"“: RESEARCH & =g!

DEVELOPMENTLTD!
333 Litchfield Road. New Milford.CT 06776'

Please send the items checked below: l
CJ JAWS 16K RAM kit, No. 6416, §133.95.* :
{J JAWS 16K RAM fully assembled, tested, burned in, ¢
No. 6416W. §229.95.* 1

] JAWS 32K RAM kit, No. 6432, {reg. price $329.95), :
SPECIAL PRICE $299.95.* H

[J JAWS 32K RAM fully assambled. tested, burned in, 1
No. 6432W, (reg. price S369.95). SPECIAL PRICE :
$339.95.* )

[ JAWS 48K RAM kit, No. 6448, (reg. price $459.95), 1
SPECIAL PRICE $399.95.* :
{3 JAWS 48K fully assembled, tested, burnedin, No.
5448W, (reg. price $509.35), SPECIAL PRICE 1
$449.95.* -

£ JAWS 64K RAM kit, No. 6464, (reg. price S583.95),
SPECIAL PRICE $499.95.* ]

C1 JAWS 64K RAM fully assembled. tested, bumed in, |
No. B464W. (reg. price S649.95). SPECIAL PRICE I
$559.95.* 1

(] Expansian kit, JAWS 16K RAM madule, 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: —1
O3 Personal Check O Money order or Cashiers Check 1
CIVISA T2 MASTER CHARGE (Bank Na. .. ..} |
Acct. No. __ Exp. Date 1
Signature _ 1
PrintName_____ - :
Address ]
City [}
State _ — :
] Send me mare information 1
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tellectual versus commercial realms
of endeavor. | have learned that some
sort of decision will probably have
been made by the time you read this.

As for the publicist, he continues in
his inimitable style to spin wheels of
fancy.

In the intellectual marketplace of
ideas, the coin of the realm is
thought. He or she who owns a
reputation as a result of careful
thought has a purse full of golden
coins ready for the bazaar of ideas. A
marketplace of ideas or commerce is a
human activity where all parties
benefit as a part of trade. One cannot
expect willing and bountiful trading
when one party plays by a set of rules
different and incompatible from the
other’s set.

The productive results of innova-
tion and thought carry a requirement
for the respect of the rules of the
game. One of these rules in the in-
tellectual world could be stated “thou
shalt not take thy neighbor’s reputa-
tion as thine own.” When you use an
idea, credit its source where appro-
priate, but do not pretend to imply
that your version of the thought is the
same.

It is perfectly fine to use an inspira-
tion from someone’s published
thought in a commercial product of
your own. But be sure that you make
clear that the product is your own!
Credit the inspiration to be sure.
However, if you do not have an en-
dorsement from the source of the in-
spiration, do not attempt to advertise
that thought in any way as a product
endorsed by the source of the inspira-
tion.

Naturally, the ideal state is that in
which the researcher is also able to
capitalize directly on the results of his
or her innovation. By being the first
to it and the best able to understand
the problem, an inestimable advan-
tage is gained over the nonoriginal
machinations of those who merely
implement the published designs.

The main rewards of research must
be understood for what they are: an
appreciation of difficult problems and
the satisfaction of seeing them
through to a better understanding.

Occasionally in research a com-
mercial gold mine is found that ex-
udes some of its wealth on the in-
novator. But this is a small part of
motivation for a life of ideas. The in-
novator’s reputation is based on a
mutual trust and fascination with

ideas. Entrepreneurs with a long-term
point of view respect this trust by
avoiding any semblance of potential
violation of that trust. End of com-
mentary.

A Note

The lives of individuals are marked
by a series of changes through
growth. Enterprises evolve in much
the same way. BYTE has gone
through many such changes. It began
as an idea in the minds of my
associates and me five years ago.
After much hard work it matured to
the point where it now has a circula-
tion in excess of 160,000 and an
assured future as a member of the
family of magazines published by
McGraw-Hill. This issue marks the
fifth anniversary of BYTE's first issue,
published in September 1975.

Since BYTE has matured to the
point where a founder’s day-to-day
input is no longer a requisite to the
continued health of the venture, I am
now in the fortunate position of being
able to indulge in my other interests
and goals. While continuing with
many of the functions at BYTE that
have occupied me over the last five
years, | will be able to engage in con-
sulting activities related to the
technology of, and markets for, small
computer systems. Such activities
have always been of great interest to
me, Only with the evident maturity
of BYTE and the cooperation of
McGraw-Hill am | now able to spend
about half of my time on such ven-
tures.

The day-to-day operations of the
magazine will be in the very capable
hands of my successors, Chris
Morgan and the technical editors of
BYTE's staff. My new relationship
with BYTE is reflected in a new title
on the masthead: “Founding Editor.”
With my continued intimate involve-
ment with BYTE, I shall truly have
the best of both worlds. . . .CHm

The American
Economic
Sgstem.

We should all learn more about it

\ Amwnawa
Magozne & the Advertmng Counci
/ &thlUS Deportment of Commexe
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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.

Q: 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 A1O?

A: A partial list of devices that have actually been tested
with the AlO 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.

Hility with a v ou can co i A Q: Does the AIO work with Pascal?

A0S Yo, Wi . = 3 \ A: Yes. The current AlO 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.

‘Serial
I.'|.f.-—- S o tandafda
| |: |The_BS-'.2:3ZS arie

Q: How do I interface my new printer to my Apple
using my AlO card?

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

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

A: Yes. A “Dumb Terminal Routine” is listed
in the A1O Manual. It provides for full and
half duplex. and also checks for presence
of a carrier.

Q: 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 AlIO 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.

e So please contact us if you have

i . . e

190 Parago?h. ‘a aneed and there is nothing available
4 Californ® to meet it.

..7
..II

SSM Microcomputer Products
2190 Paragon Drive

San Jose, California 95131
(408) 946-7400






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.

If you could talk to Thomas Edison, high speed and low cost. No
he'd tell you what it was like to turn the wonder this drive is the most
lights on in 1879. You could tell him about  popular on the market.
some bright ideas of the 20th century... But now Apple goes one
particularly, a technological phenomenon  better with the DOS Tool Kit.
thatcan handle everything fromsolar heat A series of utility programs,
control to lighting your home via voice it gives you the freedom to
command. The Apple personal computer.  easily design 280h x192v

graphic displays in a palette
Expand your own of living color ... depending
inventiveness with the  ©"your choice of Apple

always-expandable Apple. ;"

Edison was first with the

Take a look inside your local computer ~ movie camera and projector.
store. There’s a range of Apple systems Now, with Apple’s DOS Tool

for you...whether you want expansion Kit, you can be first to work Wherg to fil}d even
capabilities of four or eight accessory wonders with colorful more luuml‘llatlllg
slots...or memory expandable to 64K creative animation. Apple experiences.

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

bility, the possibilities for creating your Imagine the
own computer system are endless.

There's always something
new being invented at Apple to

4 y A, =8 o
Want to add an A to D conversion broadest line Edison had the first movie zdy?ﬁ;g’:ﬂﬁ&lj o e
_ ¥s an expert
board? Apple makes it happen. Want to of software camera...and Apple has el all abouicn
plug into time sharing, news and elec- Programs ever. the DOSTolKit that takes . v Apple dealer. Ifyou
, . you into the colorful world /
Apple’s broad line of of animation. already own an Apple, there’s
peripherals is equalled only a whole future ahead to
by the most extensive line of software challenge man, mind and machine.
you'll find in the personal computing If you're considering a personal com-
world. Since more than 170 companies puter, stop by the computer store and
offer software for the Apple family, you compare. Apple’s reliability, proven perfor-
can have one of the most impressive mance and recognized technological leader-
program libraries ever. ship will help you see the light. Don’t
Whenyou write your own programs, let history pass you by. Visit your nearest
your Apple speaks creatively in BASIC, Apple dealer, or call 800-538-9696.

In California, 800-662-9238.

With Apple, Edison could've written a
program to determine why some filaments

burned longer than others. "qpl')IG@COh‘\PUtGI'

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.

Applewas one of the first to use
diskdrives for increased performance
and application versatility. Today, our 53"
disk drive offers high density (143K bytes),

Circie 4 on Inquiry card.
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letters

Cromemco Lauded

After reading of the many horror
stories of poor documentation and ser-
vice within the microcomputer industry,
I want to point out the excellent treat-
ment | have received from Cromemco
Inc.

In July, 1979, I purchased a System III
with four disk drives and most of
Cromemco's available software. Lately, I

have added the 3102 Terminal and the
3355A Printer. [ have found the
documentation very complete. The
manuals for the above products form a
pile 10 inches high.

When I first received the System III, I
had some difficulty using the third and
fourth disk drives. Because I was not too
familiar with the system, and the drives
worked in certain situations, I concluded
that the drives were probably OK, and
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D.C. POWEr SUPPLIES

Power-One, Inc. ® Power One Drive ® Camarillo, California 93010
Phone: (805) 484-2806 ¢ (805) 987-3891 ¢ TWX: 910-336-1297

that I did not understand some detail of
the system’s operation. Several weeks
ago [ was forced to conclude that the
drives were defective, and I called
Cromemco. Even though the warranty
on the drives had expired six months
earlier, they accepted the responsibility
for the defect and had the repaired drive
back to me within two weeks.

In addition, [ have begun receiving
updated software on disks. The software
has been considerably enhanced. There
is no charge for the additional features. I
don't even have to pay for the disks.

Finally, though I had done a lot of
programming on large systems and am
quite knowledgeable about electronics, I
had never worked with FORTRAN or
COBOL, and initially I was not up to
speed on the system aspects of
microcomputers, especially the use of

| the disk drives. My questions were

always answered courteously, even
when they were naive, and my tele-
phone calls were always returned,

The equipment is conservatively
designed and well constructed. The soft-
ware and operating system are capable
and straightforward to use.

[ have never been more pleased with
all aspects of a purchase than I am with
my Cromemco system,

Wil Schuemann

Sage Instruments

501 Maple St
Parkersburg WV 26101

Making Music

Hal Chamberlin’s article on
“Advanced Real-Time Music Synthesis
Techniques” (April 1980 BYTE, page 70)
was timely and informative. Since [ have
been experimenting with similar tech-
niques for several years, | can vouch for
the viability of his procedures, but I
would also like to comment on several
points raised in the article.

[ agree that most digital synthesizers
on the market do not have sufficient
control for either education or serious
musical work. A recent informal poll of
musicians showed that the majority
desired at least four voices, and com-
plete control over envelope, timbre,
loudness, and pitch for these purposes.

While Mr Chamberlin’s technique pro-
vides for the important change of timbre
with time that is so often neglected, his
sequence table is stepped through at a
rate determined by the tempo setting, so
a voice will behave differently at slow

Circle 6 on inquiry card. gy



TRS-80*Model I Computer Owners

Store More Data
on a 5"-Disk |
Than on an 8"-Disk
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The Doubler™: Percom’s new
proprietary double-density
adapter for the TRS-80* com-
puter.

® [ncrease formatted storage
capacity of your minidiskettes from
1% to almost 4 times.

® Use with standard 5-inch drives
rated for double-density operation.
® The DOUBLER™ reads, writes
and formats either single- or double-
density disks.

® Proprietary design allows you to
continue to run TRSDOS*, NEW-
DOSt, Percom OS-80™ or other
single-density software without
making any changes to software or
hardware.

Mini-Disk Systems
More storage ca-
pacity, higher re-
liability — from Per-
com, the industry
leader. One-, two-
and three-drive configurations in
either 40- or 77-track format, start-
ing at only $399.

PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE.

f

Store up to 354 Kbytes of formatted data on five-inch disks.

® [Includes DBLDOS a
TRSDOS* compatible double-
density disk operating system.

® CONVERT utility, on DBLDOS™
minidiskette, converts files and pro-
grams from single- to double-density
or double- to single-density.

® Plug-in installation: No strap-
ping. No trace cutting. Restore your
Expansion Interface disk controller
to original configuration by simply
removing the DOUBLER™ and re-
installing the original disk controller
chip.

r
| PERCOM DISCOUNT COUPON |
worth $20
toward
The Purchase of a

| |
I |
| DOUBLER™ |
| Coupon No. B10101 |
I Expires December 30, 1980 I
Void where prohibited by law.

Plug the DOUBLER™ into the
disk controller chip socket
of your Expansion Interface
and

® The DOUBLER™
circuit card includes
high-performance
data separator, write
precompensation cir-
cuits for reliable disk read operations
— even on 77-track drives.

Introductory price, including
DBLDOS™ and format conversion
utility on minidiskette, only $219.95.
Use the coupon for even greater
savings.

Call toll-free, 1-800-527-1592,
for the address of your nearest
dealer, or to order direct from Per-

com.
tPercom TFD-200 drive, OS-80D™ operating system

PERGOM

PERCOM DATA COMPANY, INC.
211 N. KIRBY GARLAND. TEXAS 75042

(214) 272-3421

™ trademnark of Percom Data Company, Inc.

* trademark of Tandy Radio Shack Corporation which has ne relationship to Pereom Data Company.
t trademark of Apparat Company, lhe.



and fast tempi. Most musical instru-
ments, however, vary their amplitude
(tremolo), pitch (vibrato), and timbre
(we need a word for this—tambolo?!) at
a rate almost independent of the score
tempo, but in a manner suited to the in-
strument and type of music played. This
could be accomplished by adding one
more counter for vibrato-tremolo-
tambolo update independent of the
tempo counter.

The computation of signal/noise
(S/N) ratios for synthesizers can be
misleading. If the intent is to reproduce
a musical sound, then a resolution of 60
to 80 dB is a necessity. However, if the
intent is to produce music from scores, a
much lower S/N ratio can be tolerated if
the distortion partials are harmonic.
After all, the “noise” content of flutes or
harpsichords can be very high, but is
considered part of the natural sound of
the instrument. Eight-bit D/A (digital-to-
analog) converters and 256-byte wave
tables do seem adequate for music-
synthesis experimentation, at least until
computer memory and power become
somewhat cheaper.

Mr Chamberlin’s method of generating
up to 8 K bytes of waveform tables is
well suited to single D/A output but re-
quires extensive dedicated storage, plus
time spent in creating the wave tables.
This can be markedly reduced by notirig

that the ratios of the harmonic
amplitudes remain nearly constant for a
considerable fraction of the note dura-
tion for many instruments. This suggests
that if the envelope amplitude were pro-
vided by a separate D/A converter and
its output were multiplied by a
waveform multiplying D/A converter,
that many fewer waveform tables would
be necessary since they would contain
only waveshape information, not
envelope information, and they could
better be reused for other voices. The
additional $10 for a multiplying D/A
converter would be more than offset by
the savings in memory. Incidentally the
envelope “volume control” must precede
the waveform D/A converter, not
follow it as implied in the text, so that
the required envelope filter does not cut
off the harmonics of the waveform.
Finally, there is a very serious prob-
lem with the low sampling rates
(6.9 kHz to 8 kHz) mentioned in the ar-
ticle. Suppose that the highest fun-
damental desired is C, (=2100 Hz) and
that at least four harmonics are
necessary to produce the desired timbre
(both of these figures are very conser-
vative). Then the highest frequency pre-
sent in the sampled waveshape is = 8400
Hz, and since a “headroom” of at least
10% is needed for the anti-aliasing low-
pass filters, the filter stop-band edge can

A CREATION OF COMPUTER HEADWARE

WHAISTIIE:

(Wow! Howd All That
Stuft get In There?)

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

tor
1t Now 3 ail sbele
NEW [ haMicro, wH ATSIT
Al thepsta"d arlus SORT

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

or write or call:

ARDHAT
twareg

P.O. Box 14815 » San Francisco, CA 94114 » Tel: (415)621-2106
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be no lower than =9300 Hz. So for
these requirements, the sampling fre-
quency must be at least 18,600 Hz by
the Nyquist criterion. A lower sampling
frequency will:

1) produce aliasing distortion, or

2) limit the highest fundamental to a
smaller value, or

3) force you to accept fewer harmonics
in the waveform (at least at higher
pitches) if aliasing is to be
prevented.

A solution might be to use different
waveform tables with fewer harmonics
for the higher pitches, but this further
complicates the algorithm, requires more
waveform storage, and introduces pitch
breaks into a voice’s timbre like that of
an organ mixture stop.

The length of my comments reflects
favorably on the thought-provoking
nature of this article. Mr Chamberlin’s
work should be of great help to new ex-
perimenters in the field of music syn-
thesis, and will, I hope, stimulate discus-
sion on this topic.

Donald L Shirer

Director, Computer-Based
Instruction Laboratory

University of Arizona

Tucson AZ 85721

Suspected Brain Malfunction
Disables Op Code Equivalence

My article in the June 1980 BYTE
“Z80 Op Codes for an 8080 Assembler”
(page 64) contains a monumental goof,
which [ can only explain in terms of
brain malfunctions and the like.

To define a symbol such as XAF as
being equivalent to hexadecimal 08, one
doesn't write “XAF DB 08H"; obviously
one writes “XAF EQU 08H". Table 2 on
page 70 makes sense only if you put
EQU statements between the columns,
not DBs and DWs as [ said.

Judging from letters I have received,
BYTE readers aren’t dumb enough to
believe everything they read, thank
goodness. My intelligence seems to have
gone down about 10 DB or if you like,
10 DW. Sorry, people.

Bill Powers
1138 Whitfield Rd
Northbrook IL 60062

Z80 Op Codes...The
Continuing Saga

There is an error in the article “Z80
Op Codes for an 8080 Assembler” which
appeared in the June issue of BYTE. On
page 64 the statement “"XAF DB 08H"
should read “XAF EQU 08H". As writ-



FINALLY AN ALTERNATIVE
TO DISKS
THE EXATRON
STRINGY FLOPPY

Low cosT (MASS STORAGE

SPEED SUBSYSTEM)

$299.50
INFORMATION PACKAGES AVAILABLE NOW FOR:
APPLE O3l RS-232
PET KIM/ISYM/AIM STD-BUS
TRS-80 S-100 OEM

@ exatron

-

CALL OUR HOT LINE TODAY
800-538-8559

TO REQUEST AN INFORMATION PACKAGE
EXATRON, INC. = 181 COMMERCIAL STREET = SUNNYVALE, CA 94086
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Have some
great
memofries.

16K PROM boards.

B PROM card has 2708-type memory

B Quality boatd construction @ 0-4 wait states
B Address any 4K group to any 4K boundary
B Control up to 8 banks of memory B Fully
assembled and tested B PRICE—$300
(Catlifornla residents add 6% sales tax)

Expandable 5 MHz RAM boards.
8—32K expandable RAM board uses Tl 4044
memory B Runs at SMHz B Fast 250ns access
time M Bank select @ Address any 4K block to
any 4K boundary B Quality board construction

PRICE—8K—$210; 16K—$378; 24K—$570;
32K—3$744; 8K add-on kits—3$162
(Californla residents add 6% sales tax)

Call or write Artec for details
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ten, XAF is assigned the address to
which a byte of value 8 is assembled.
The actual intent is to assign XAF the
value 8. The pseudo-operation EQU
serves the function of an “equivalence
statement.”

Using mnemonic conventions such as
those developed in this article, it is
simpler to use Z80 code on an 8080
assembler. However, the readability of
the resultant programs will be poor. I
would suggest the use of macroinstruc-
tions in lieu of the DW...DB sequences.
If a macroassembler is not available,
then a preprocessor could be created to
expand the Z80 instructions into se-
quences understandable to an 8080
assembler. Either way, the source code
will retain readability and will probably
be less error-prone.

I believe that the basic software tools
make a tremendous difference to the
quality of software produced. Every Z80
computer should have at least one good
280 assembler.

Lest I seem too critical, I did enjoy
this article very much.

Anthony Skjellum
1695 Shenandoah Rd
San Marino CA 91108

Information Please

Are any of my fellow BYTE readers
willing to share information with me on
interfacing microcomputer systems to
the IBM Models 50 or 60 electronic
typewriters? [ would like to use my
Model 60 as an output printer, and [
would appreciate some advice, if any is
to be had. Thanks very much.

Michael Pinneo
3757 Vienna Dr
Aptos CA 95003

Selectric Information Sought

Do any readers of BYTE know of any
commercial devices that can interface a
Radio Shack TRS-80 to an old model of
an IBM Selectric typewriter (a Model
717 I would also like to hear from
anyone who has bought an already-
interfaced Selectric from McClain and
Associates or from Worldwide Elec-
tronics. Thank you.

N Vijayan
1332 Notre Dame Dr
Davis CA 95616

Performance Improvements

I have studied the article “TRS-80
Performance Evaluation by Program
Timing,” by James Lewis (March
1980 BYTE, page 84) with interest. | am
only concerned here with the Level II

BASIC program.

The largest number a figure is divisible
by without becoming redundant is its
square root. If we include the statement:

20 C=INT(SQR(A))}+1

and change the second FOR-NEXT loop
to:

30FORB=3TO C STEP 2

we will find the program runs much
faster. For example, in the original pro-
gram 9901 goes through the inner loop
roughly 4500 times. Using the modified
program, the second loop is only used
50 times which is ninety times faster. 1
find this version will run in about 25
minutes.

Here is a listing of the modified pro-
gram:

1 CLS:PRINT*123";
10 FOR A=5 TO 10000 STEP 2
20 C=INT(SQR(A))+ 1

30 FORB=3TO C STEP 2

40 D=AB

50 IF INT(D)_ D THEN NEXT A
60 NEXT

70 PRINT A

80 NEXT A

Brian Glover

POB 2102

Inuvik, Northwest Territories
XOE 0TO, Canada

More Improvements

Mr Lewis, in his article in the March
1980 BYTE, seems to compare two dis-
similar computers. It was unclear to me
what could be gained by this kind of
comparison. The run time of a program
is not only sensitive to the computer be-
ing used, as well as the programming
language, but also to many other seem-
ingly trivial factors.

For instance, Mr Lewis wanted to find
all the prime numbers less than 10,000.
His method was to divide by successive
odd numbers. If division occurred
without a remainder, then the number
being divided is not a prime. The prob-
lem was that he kept dividing until the
divisor was half of the dividend. For ex-
ample, to check a number that was
almost 10,000 he would keep dividing
by numbers until he has used up all
those less than 5000. It is easy to show
that the time to stop is at the square
root of the number, not half the
number. He could have stopped after
checking numbers up to 100 instead of
5000.

This is true because, if some number
greater than 100 is divided without a re-
mainder, the quotient would be some
number less than 100 and this would
have been revealed before ever reaching
100.

Circle 10 on inquiry card. —



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

x-10™

and ...

appliances. Real-time schedules and
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.

allows interactive programs with speech-prompted inputs. Use output for
speech directed activities in business systems, announcements in a control-
room, or sound eftects in entertainment programs. Easy to use because input
as well as output is under user control with special software operating system:

‘ Input/Output Speech Digitizer. Permits talking programs. 1/0 capability

Program your own EPROMs. Create your own firmware.
Programs 2K, 2716 5V EPROMs. Disk software package
provides easy EPROM programming. EPROMs are verified
after BURN. RUN your programs from on-board socket of
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 RAMandtwo 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. nstrument 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 analogto digital input. 16
P 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.

: : Intelligent Home Controller for lights and a p | ace to p ut th e m

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 Chassls 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 Hardwore
‘ Leadership in Computer Peripherals

A Division of Mountain Computer, Inc.

300 Harvey West Bivd.

Santa Cruz, CA 95060 (408)429-8600

MORE PERIPHERALS? Send me information.
NAME _

ADDRESS

CITY — STATE

Apple is a trademark of Apple Computer Inc.



[ wrote the following short program,
PRIME, and ran it on my North Star
computer in about 24 minutes:

10 REM PRIME

20FOR i§=5 TO 10000 STEP 2

30 I=

28 |IF INT(K/l) = K/l THEN 80
= |+

60 |IFI 1 2< =K THEN 40

70 K

80 NEXT

90 END

Division for a conventional microcom-
puter for which double precision is
necessary is slow, and the fewer occur-
rences in a program the quicker the pro-
gram will run. When I eliminated one
division in my program to produce
PRIME 2, the running time was reduced
to 17 minutes:

10 REM PRIME 2
20 FOR K=5 TO 10000 STEP 2

30 =3

40 X=KI/I

50 IF INT(X)=X THEN 90
60 I=1+2

70 IF I12< =K THEN 40
80 K

90 NEXT

100 END

But the most important consideration
is how the translator works; an inter-

Listing 1
program primes; {writes out a number of
var i,j,k, n:integer;
begln
k= B
while k < = 5000 do begin
=2 k + 1;
l=1ili:=3%
while (i*i<=n)and(j=1)do
begin
ifnmodi = Othenj.=0else
end;
if j=1 then write(n,* ’);
k:=k + 1;
end;
end.

preter is devilishly slow. A computer
will run considerably faster because
machine code is actually executed. I
wrote a short Pascal program for my
North Star, primes, and was surprised to
find that it executed in 1 minute and 46
seconds. (See listing 1.)

Mr Lewis’ results for the large IBM
computer was 1 minute and 19 seconds
using a PL/I compiler. Does this mean
that my microcomputer is almost equiv-
alent to this huge IBM machine? I think
not.

Comparisons of this sort do not prove
much; they just show how many vari-
ables are involved in determining the
time it takes to run a program!

Ivan Flores

Flores Associates Computer Consultants
108 8th Ave

Brooklyn NY 11215

Comparisons of this sort may not
prove much, but you (and many other
readers) found the idea interesting
enough to experiment with. Evaluation
of performance encourages programmers
and designers to work their crafts with
efficiency, and to search for the elegant-
ly simple solutions that improve .... CPF

primes}

=i+2

Pascal Precision

The letter from Martin Berman con-
cerning numerical precision in UCSD
Pascal (BYTE, June 1980, page 17)
struck one of my current concerns. The
actual precision available in UCSD
Pascal is 7.2 decimal digits; ie: the data
type real will accommodate integer
values as large as 16,777,216 (2%%) exact-
ly. However, the output routine is
limited to six significant digits. To print
the remaining available 1.2 digits will re-
quire either a revision to the system-
output routine or an output routine
custom-made for the application.

I am not privy to the design process at
UCSD, but suspect that this is an at-
tempt to “protect”’ the user from round-
off error. I, for one, deplore such at-

tempts at protection since the user who
actually knows what he is doing is
forced to “program around” the system.
A reasonable precaution is to give no
more precision than the system has
(eight digits in the case of UCSD
Pascal), although even this is open to
question—a fellow programmer was
once caught by this type of “protection”
even though he was using only powers
of two which are exactly represented
throughout the range of the system.

Incidentally, there is a routine
available for determining the actual preci-
sion of floating-point routines. It may be
found in Pascal News, number 13
(December 1978). I enclose a copy of the
code as I ran it on my UCSD Pascal
system, along with the output it
generated.

Circle 11 on inquiry card.

Industrial quality components
for S-100 system builders, from

California Computer Systems.

Shipped with CP/ M 2.0, the controller reads
and writes IBM-standard single density.
Automatically determines disk density—
single or double. Supports PerSci auto eject,
plus fast-seek for voice coil systems.

2810280 CPUBoard. Capable CPU for S-100
Systems operates at 2 or 4MHz, is fully Altair/
Imsai compatible. Z-80 monitor is available
separately. Includes auto addressing to
4K boundaries, plus a serial port for serial
devices, including terminals and printers.
Supports both front-panel operation and
power-on memory jump, plus wait-state gen-
eration for slower memories. Compatible with
proposed IEEE S-100 standards.

2032A 32K Static RAM. Fast static memory
operates without wait states at a full 4MHz.
Supports full and partial bank select, for
expansion beyond 64K. Addressable in 8K
blocks at 8K boundaries. Address and data
lines are fully buffered, and there are no
DMA restrictions.

2016 16K Static RAM, Fully buffered board
features 2114 static RAMs for +5v operation.
Bank select available by bank port or bank
byte, for system expansion beyond 64K.
Addressable in 4K blocks at 4K boundaries.
LEDindicators for board selection and
bank selection. Available in 200, 300, or 450
nsec versions. All versions support 4dMHz
operation with no wait states.

2200AMainfrome. 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.

25014 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
schcogld contact the marketing department at

CCS. Industrial standards.
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- We mass-produce S-100
- products to deliver industrial
- quality, at industrial prices.
. You systems builders who need top quality, full
featured, workhorse S-100 building blocks at the most

competitive prices now have a source. California
Computer Systems.
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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 # 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 5-100, these are the industrial standards.

California Computer Systems

' 250 Caribbean Sunnyvale, CA 94086 (408) 734-5811
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SUPERBRAIN'
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32K or 64K (Double or Quad Density units
available). Uses two Z-80 CPU's. Commercial-
type terminal with 12 monitar. Dual double
density minifloppies. Over 350 kilobytes of
storage {twice that with quad density drives).
Two serial RS232 ports, |/0 ports standard.
Expandable with optional S-100 S-100 inter-
face. Comes with CP/MTM 2.2 gperating sys-
tem. MiniMicroMart includes BASIC inter-
preter and can supply a wide range of CP/M
Developmentand Application software.

w/32K Double Density, List $29%5 . $2685

w/64K Double Density, List $3345..... $2883
w/64K Quad Density, List $3995...... $3595
64K Special Quad Version............ $3395

INTERSYSTEMS

formerly ITHACA AUDIO

DPS-1, List $1795
LIMITED TIME $1299*

The new Series || CPU Board features a 4 MHz
Z-80A CPU and a full-feature front panel. 20-
slot actively terminated motherboard, with 25
amp power supply (50/60 Hz operation, incl.
68 cfm fan).

COMPLETE SYSTEM with InterSystem 64K
RAM, 1/0 Board w/priority interrupt and
double density disk contraller board. Full 1-year

warranty, List $3595 ONLY $2895*

Above less disk contraller, $3195..... $2539*
* Limited Time offer expires Sept. 15, 1980.

HEWLETT-PACKARD
HP-85A

Desk-Top
Computer

Call
for
Price!

o
XA I||||||

R

F.0.B. shipping point. All prices subject to change and all
offers subject to withdrawal without notice, Advertised prices
are for prepaid orders. Credit card and C.0.D. 2% higher.
C.0.D. may require deposit.

— WRITE FOR FREE CATALOG -

[} [} [ §
MiniMicroMart
1618 James Street
Syracuse, NY 13203 (315) 422-4467
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Listing 1
program representation;

var base, numberofdigits, i : integer;
rounding : boolean;
epsilon : real;

procedﬁre enquiry (var radix, digits :

integer;

var rounds : boolean);

var number, increment
begin

: real;

(*find large integral value just beyond integer limits*)

number :=2;

while (((number + 1)~ number) =

number : = number ¥ 2;
(*end while™)

1) do

(*manufacture the next largest real value®)

increment : = 2;

while ((number + increment) =
increment : = increment * 2;

(*end while")

number) do

(*subtract these to give radix of representation™)
radix : = trunc{(number + increment) —number);
("see if it rounds or truncates by adding (radix—1)*)

({(number + (radix — 1)) NEQ number);

rounds : =

(*work out how many digits in mantissa®)
digits : = 0;
number : = 1;

while ({((number + 1) — number) =

digits : = digits +1;
number : = number *
end; (*while")
end; ("enquiry”)

radix;

begin

(*find out basic properties”)

1) do begin

enquiry(base,numberofdigits,rounding);

writeln(* Base = ‘,base);

writeln(* Number of digits = ’,numberofdigits);

if rounding then
writeln(' Rounded’)
else
writeln(* Truncated’);
(*end if")

(*compare the precision bounds™)

epsilon := 1;

for i := 1 to numberofdigits do
epsilon : = epsilon/base;
(*end for")

if rounding then epsilon : = epsilon/base;
(*print the best and worst precision™)
writeln(' Best and worst precisions are ’,

epsilon,(epsilon*base));

end.

My hard-copy terminal does not have
greater-than or less-than symbols. Thus
"NEQ" is inserted for the Pascal "not
equal” symbol.

Base = 2

Number of digits = 24

Rounded

Best and worst precisions are
2.98023E—8 5.96046E—8

Fred Crary
7750 31st Ave NE
Seattle WA 98115

May We Suggest a Gasp Mask?

Philip K Hooper is not alone. I too
noticed the foul odor of the magazine.

(See Letters, April 1980 BYTE, page 16.)
Not only do I love computer science,
but [ love my body, and my health is
paramount. [ therefore abstain from the
inhalation of foul vapors and fumes.

A Healthy Minority

Jon Dattorro

1379 Kingstown Rd Apt 1A
Kingston RI 02881

I am told that our printer used an im-
proper glue to bind the pages together,
causing the unusual smell. The printer
has promised to henceforth use a dif-
ferent glue, and we expect that the odor
problem will not recur....RSS B
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When It Comes
To Add-on Memory...

LOBO
Has It All.

LOBO DRIVES manufactures a full line of S-100
computer compatible disk drives. All drives are
software compatible with most S-100 disk operating
systems and applications software programs. Only
LOBO DRIVES offers you the variety and choice of
floppy and fixed disk drives. Choose from 5% and
8-inch floppies, 5% and 8-inch Winchester technology
fixed disk drives, and several Floppy/Fixed disk
combinations. Each LOBO DRIVES system is

thoroughly tested and burned-in and has the famous

LOBO DRIVES One Year, 100% Parts/Labor

Warranty.

MODEL 400 5%-INCH FLOPPY
DISK MEMORY SYSTEM

A high-speed (298) Msec Access), high-
reliability (8000 hrs MTBF), low-cost floppy
disk memory system. It is available in both
soft and hard sector formats, and a choice
of single or double density configurations.

¢ Up to 220 KBytes Capacity

¢ Single/Double Density

e Soft Sector Format

¢ Complete Software Compatibility

MODEL 1850 DUAL
FLOPPYIFIXED DISK MEMORY
SYSTEM

MODEL 950 DUAL
FLOPPY/FIXED DISK MEMORY
SYSTEM

MODEL 800/850 DUAL FLOPPY
DISK DRIVE MEMORY SYSTEM

LOBO DRIVES offers you a choice of
single-sided, single or double density
(Model 800) or double-sided, single or
double density (Model 850) dual 8-inch
memory subsystems. Each system comes
complete with chassis and power supply,
cables, controller and interface.

e Compatible with Most S-100 DOS

Systems
e Up to 3.2 MByte Capacity

No more worries about back-up. LOBO
DRIVES has combined the latest state-of-
the-art Winchester technology with the pro-
ven reliability and dependability of its Model
850 8-inch floppy disk drive to bring you the
ultimate in memory expansion for your
S-100 computer. The Model 1850 is the
ideal memory system for small business
and word processing applications.
e 5 or 10 MByte Fixed Disk Capacity
e 1.6 MByte Floppy Disk Capacity
Software Compatibility
Sealed Environment
Winchester Reliability
70 Msec Average Access Time

All the advantages of Winchester
technology fixed disk memory: large
capacity (6.38 MBytes), high speed (170
Msec avg. access time), and extended
reliability, combined with the convenience
of a built-in floppy disk back-up in one
cabinet. Only LOBO can bring you the
storage capacity of 16 mini-floppies at a
fraction of the price.
* The Storage Capacity of 16 Mini-
Floppies
e Built-in Back-up
170 Msec Access (Avg)
Software Compatibility

See your nearest dealer, call, or write for the complete LOBO DRIVES story...
find out just how competitively priced a quality drive can be.

©BR

drives

INTERNATIONAL

935 Camino Del Sur
Goleta, California 93017
(805) 685-4546

Telex: 658 482



START WITH A BETTER
COMPUTER.

Atari personal computers have
built-in capabilities you cant even
add on to many other personal
computers. Three programming
formats (slip-in ROM cartridges, disk
and cassette). A 57-key upper/lower
case ASCII keyboard with 29
keystroke graphics. 128 colors

and hues. Four separate sound
channels and a built-in speaker.
Four game and graphics controller
ports. A built-in RF modulator. FCC
approval for connection to any TV.
Plus, nationwide Atari Authorized
Service Centers. And more.
ADD MEMORY.

The ATARI 800" comes with 16K
of memory. Expand up to a full 48K
of memory with 8K or 10K RAM
Memory Modules™ you install
yourself. In less than a minute. The
ATARI 400™ is supplied with
8K of RAM which can be
expanded to 16K at

Authorized Service

Centers. Both models
may be expanded to
26K of ROM with slip-in
ROM cartridge programs.

ADD PERIPHERALS.

Atari peripherals are specifically

© 1880, Atari, inc.
© A wamer Communications Company

Atari reserves the right 10 make changes 1o producls
or programs without notice

COMPUTING
o ANCUAGE

2N\ M
O "ﬁ._..-y ":".. \

designed to complement your system.
Add the ATARI 410™ Audio-digital
Program Recorder. Add disk drives
(single or dual double-density*). The
ATARI 800 individually accesses up to
fourdrives. Add the ATARI 850 RS232
Interface Module. Add high-speed 40
or 8o-column dot-matrix printers, or,
a 40-column thermal printer. Add an
acoustic modem forremote data access.
Add a light pen* And there are more
Atari peripherals on the way.

ADD PROGRAMS.

Atari’s rapidly expanding software

library includes some of the most

useful, enlightening and entertaining
programs available. (Some programs
may require more than 16K RAM.)

* Personal Finance and Record
Keeping. Sophisticated investment
analysis programs, including bond
analysis, stock analysis, stock chart-
ing and mortgage and loan analysis.
*Available Fall. 1880

Circle 14 on inquiry card.
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SYSTEMS THAT GROW WITH YOU

* Personal Interest and
Development. Conversational lan-
guages* Music composition. Touch
typing. Biorhythm. And more.

* Professional Applications.
Graphics, statistics and programmable
calculator programs. Plus VisiCalcj the
“what if” problem solving program.

* Education. ATARI Talk & Teach™
programs offer instruction from
primary through college level.
Plus, instructive games for all ages.

* Information & Communication.
Tum your Atariinto an interactive
terminal. Access stock quotations,
newsservices and other useful data
banks. Transmit and receive data over
regular phone lines. And more.

+ Entertainment. Colorful, exciting
: : ™
programs include Star Raiders;
Chess, Blackjack..and many more.
‘Trademark: Personal Software, Inc.

* Programming
Languages. An
ATARI BASIC
cartridge is
included. An
Assembler/
Editor Cartridge
is available for the
advanced programmer. '
PILOT, extended BASIC and
Pascal will be available
in 1981

* Small Business Accounting.
General Ledger. Accounts

Receivable. Accounts Payable.
Inventory Control. Order Entry.

disk or cassette).

ADD IT UP FOR YOURSELF. Andifyouruna
Compare the Atari to any personal business, ask your Atari
computer in its price range. Compare retailer about the Atari Accountant,”

ability. Compare peripherals and ing system for small businesses.
accessories. Compare program- At Atariwe're building computer
ming and formats (ROM ATARI systems you won't outgrow.

PERSONAL COMPUTERS
1265 Borregas Avenue, Sunnyvale, CA 94086
Call toll-free (800)538-8547 (Except Alaska and Hawaii)
{In California: (800) 672-1404) for the name of your nearest Atari retailer.

built-in features. Compare expand- 'I‘ the complete, computerized account-
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Build a Low-Cost, Remote
Data-Entry Terminal

Remote data-entry terminals are
not something new. They are devices
which provide a means of direct,
specialized communication with a
computer. In July's Circuit Cellar I
said that a pushbutton switch on the
end of a long cable is probably the
least expensive and most secure form
of remote data entry. This is still true,
but now it is time to look at more
sophisticated forms of remote data
entry.

There is no formal definition of
what constitutes a remote data-entry
terminal. The application defines the
classification. While a regular video-
display terminal can be used for data
entry, remote data-entry terminals
are usually specially fabricated to fit
the application and environment.
Remote data-entry terminals almost
always communicate in duplex mode,
and are capable of displaying com-
puter directives to the operator as
well as sending operator input to the
computer.

A further refinement is that the
buttons on the panel frequently have
function/numeric nomenclature

26  September 1980 ® BYTE Publications Inc

Steve Ciarcia
POB 582
Glastonbury CT 06033

rather than the character set we nor-
mally associate with keyboards. A
key bearing the label “START"” may
in fact transmit an ASCII (American
Standard Code for Information Inter-
change) “A” when pressed. Applica-
tion software running on the control
computer is used to recognize that a
letter “A” means “initiate the
process.” The transmission length
and protocol should be preset to
reduce operator error and entry-panel
complexity.

Remote data-entry
terminals are usually
specially fabricated: to fit
the application and the

environment.
_s_

For example, an entry terminal as-
sociated with a dip-plating line in a
factory would probably have a panel
with a numeric keypad and function
buttons labeled “Bath 1”, “Bath 2",

“Anode Current”, “Voltage”, "Time",
and "Temperature”. If the operator
has to set the anode current in the
plating tank, he presses the “Anode
Current” button and then enters a
four-digit value on the numeric key-
pad. When the control computer de-
tects the anode-current function but-
ton being pressed, it reads the next
four characters as numeric informa-
tion pertaining to the anode-current
function. Other function keys could
have entirely different entry
sequences.

To minimize error, most industrial
data-entry terminals rely on con-
siderable handshaking. At the very
least, they include an accept/reject in-
dicator for the operator. If the
numeric portion of the anode-current
entry did not fit within the limits
prescribed for the process, a reject
signal must be given to the operator
so the data can be reentered.

In the more sophisticated units, the
data-entry panel often incorporates
an alphanumeric display. Usually, it
is unnecessary to display textual
material to the operator, and these



THE UNBEATABLE S-100
MEMORY
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That’s the MEASUREMENT systems & con-
trols DMB Series of S-100 bus memory
modules, fully compatible with ALPHA
MICRO, CROMEMCO, NORTH STAR, MP/M,
and most other S-100 systems.

Definitely a winner, the DMB Series is avail-
able with Bank Select (DMB6400) or without
(DM6400) and utilizes industrial quality con-
struction, provides outstanding reliability,
and is backed by dedicated customer service
and a one year guarantee.

The DMB6400 uses /O port addressing for
the bank select feature. A switch provides the
ability to select any one of the 256 1/0O ports
for addressing the memory banks. The mem-
ory is configured as four totally independent
16K software selectable banks, with each
bank addressable on any 16K boundary.

Systems (2009

ADivision of MEASUREMENT systems & controls
incorporated
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Outstanding features such as those listed
below make the DMB series the UNBEATABLE
S-100 Memory.
e Four independent 16K software select-
able banks.
e Each bank is independently addressable
on any 16K boundary.
e Switch selectable bank sizes — from
16K to 64K in 16K increments.
e Eight banks (512K) per 1/0O port for each
of the 256 ports.
e 7-80 4AMHz operation with no wait
states using transparent refresh.
On-board diagnostic LED’s.
Low power — 8 watts maximum.
Reliable, tested and burned-in memory.
IEEE S-100 compatible timing.
One year guarantee.
Attractive Dealer & OEM Prices.

See your nearest computer dealer, or contact
us for the complete story on the UNBEAT-
ABLE S-100 Memory.

867 North Main St./ Orange, Calif. 92668 / (714) 633-4460
TWXITELEX: 678 401 TAB IRIN
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Photo 1: Deluxe remote data-entry terminals, intended for industrial use, often contain
specialized equipment to read card-badges, or control unusual functions. Many are con-
structed with a hazardous environment in mind, and are waterproof or blast-proof.
This particular unit is a function/numeric panel (FNP) manufactured by General Digital

Corporation in East Hartford CT.

displays are generally limited to a
single line of sixteen to eighty
characters. Gas-plasma displays or
alphanumeric LED (light-emitting
diode) matrices work well and are
cost-effective in these applications.

Since the panel can communicate in
both directions, it is possible for the
operator to interrogate the process
data base in the computer for specific
information. Pressing the “Bath 1”7
and “Temperature” buttons could
result in the appearance of "#1 TEMP
=192 C” on the sixteen-character
display for example.

The entire remote data-
entry terminal can be
constructed with only two
integrated circuits.

Entry Panels for
Personal Computers

Deluxe industrial data-entry ter-
minals include numeric keypads,
function buttons, badge readers for
operator identification, Hollerith-
card readers for part identification,
alphanumeric displays, and elaborate
self-test features. A typical unit is
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shown in photo 1. They can be made
waterproof, blast-proof, and idiot-
proof as required by the application.
These are hardly attributes that sug-
gest their use in the home. However,
the concept of remote data-entry
panels connected to a personal com-
puter is not as alien as it once seemed.

In the past few months I have been
presenting articles on various aspects
of home control. If you have attached
any control devices to your computer
and have it controlling the lights and
appliances around your home, you
undoubtedly are using a program
which manipulates logic outputs
based on time, status of input sen-
sors, and operator commands. What
you have is in fact a practical, even if
rudimentary, process-control system.
It has fundamental similarities to the
dip-plating system previously
discussed.

There seems to be considerable in-
terest in home control these days.
Many new systems and peripheral
devices have been introduced to meet
the demand. In my opinion, how-
ever, they address only half the prob-
lem. They all seem to be limited to
central-system use with no facility for
remote data entry or effective human
engineering.

The handheld remote-control

devices I detailed in my July article

Circle 15 on inquiry card.

Disk Cabinet for
Single 8" Drive

+ 110V to 125V or 200V to 250V + 50 or

60 HZ + Data Cable + Fan + Accepts Persci,
Shugart, Siemans, Remex

DDC-8+ $250.00

APPLE CLOCK
CALENDAR+

[AVAIL. SEPT.

+ Day month year + Day of week + 2400 hour
time or 12 hour AM PM (selectable) + Leap

ear + Interrupt timer 4 interval: 1024 Hz
(approx 1 millisec), 1 sec, 1 min, 1 hour

+ On board backup battery + Simple setting
of time and date + Simple software interface

+ Time advance protection while reading

Bare Board (with manual) $45.00
Kit $100.00 Assembled & Tested $150.00
RAM 16+

+ Addressable in 4K steps by easily accessible
DIP switch. + Memory protection In 1K
increments defined by an easily accessible

DiP switch. Protection may be from the bottom
board address up or from the top down.

+ May deactivate up to six 1K segments of the
board to create V'holes’ for other devices.
Accomplished with jumpers. + Wait states
selected by DIP switch. + 8 bank select lines
provided for exﬁxansion into % million byte
systems. + All data, address. and controi lines
input buffered. + Ignores /0 commands at board
address. + Assembled, tested, and burned-in
at factory. + 1.3 A typical current consumption.

Bare Board $ 2000 4 MHZKit  $180.00
2 MHZ Kit  $160.00 4 MHZAST $210.00
2 MHZ AT  $190.00

$-100 (SMART) PROTO BOARD+ STOCK;

+ Wire Wrap or Solder Sockets + Accepts All
Standard Saockets (.30" & 60" CTR) + Allows
Grid Distributed Power + 3 Voltage Regulators
+ Kluge Area for Discretes, External Dnves

+ 2 Bus Bars for + Voltages (Internal &
Extenal) + Accepts Standard Edge Connector
on .1" CTR + Kit includes 3 Reg/3 Heat Sinks/
Filter Caps/2 Bus Bars/Manual

Bare Board $30.00 Kit $50.00
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+ Works with the following 2-80 CPU Boards: Cromemco Systems, S.D. Bare Board $ 50.00
BﬁAA':wDI?:BI{'iE;OHY Systems, SSM (CB2A). Jade (Big Z), Q.. (24+80) and many others 16K Kit $260.00
+ Uses 3242 Refresh Chip with delay line + Four layer PC Board insures 16K A&T $325.00
(16K to 64K) g a quiet board + Supports 16K, 32K, 48K or 64K of memory + 24 Address 3ok kit $360.00
lines per IEEE specifications + Optional M1 Wait state allows error-tree 32K ART 3420'00
operation with faster processors + Optional PHANTOM disable + Uses 8K Ki 3440'00
Z-80 Refresh signal + Bank on/off signal selected by 1/0 port 40 (Hex) 48K Kit -
per industry standard. + Bank in use determined by convenient DIP 48K A&T $500.00
switch selection of data bus bits. + Low power consumption — 5 watts. 64K Kit $510.00
+ Convenient LED indication of bank in use 64K A&T $570.00

Typical access time of board — 8 using 4116-200ns} §4Mhz 240ns

STOCK using (4116-150ns) (6Mhz) 200ns
+ 1K Ram On Board + 2 Programmable Timers + Power On Jump to Baré Board $ 4500
2+80 CPUREVT On-Board 1K, 2K or 4K EPROM ’2708-271&2732) Can be Addressed on any  Kit $190.00
1K or 2K bounda% + Parallel I/0 Port + Programmable Baud Rate AST $280.00
Selection (110 to 9600) + On-Board EPROM May be Used in Shadow 1K Memory Kit $ 12.00

Mode, Allowing Fu!l 64K RAM to be Used + On-Board USART for
Synchronous or Asynchronous RS-232 Operation (Serial I/0 Port)

[AVAILABLE SEPTEMBER|

+ Time of Day in Hours, Minutes and Seconds + 24 Hour Time Format Bare Board $ 45.00
CLocK CALENDAH+ + Month and Day Date Function + Simple Read Instructions Allow Simple  Kit $100.00
Interface to Basic, CPM, Etc. + Will Run With 4MHZ Processors A&T $150.00

+ Can be Located at any Group of 4 I/0 Port Addressed + On Beard
Battery Back-up

170+

+ Two Independent SYNC/ASYNC Serial Ports + One Strobed Eight Bit Bare Board $ 69.00
Parallel Input Port With Handshakin%_n+ Three Eight Bit Parallel Ports Kit $275.00
{Undedicated, User Configured) + Three Independent Sixteen Bit Timers A&T $375.00
+ Eight Level Priority Interrupt Controller + Large Prototyping area has .
regulated +5VDC, +12vDC,-12VvDC + Two software programmable baud

rate generators with crystal controlled frequencies (+.01%)

STOCK

SILENCE +
MOTHER BOARDS

+ No Need for Termination + Very High Crosstalk Rejection + LED Power
Indicator + Fits in Most Mainframes + 6, 12 and 18 Slots Available

+ Has Operated to 14 MHZ Quietly 6-SLOT 12-5L0T 18-SLOT
Bare Board $24.95| Bare Board $29.95| Bare Board $ 49.95
Kit $39.95( Kit $69.95/ Kit $ 99.95
STOCK A&T $49.95| A&T $89.95| A&T $139.95
QT MAINFRAME + L QT SYSTEM +
MF 4

+ Main frame W/P.S. and fan + Televideo
#9208 Terminal + CPU — 280 — 4MHZ

+ 2-8" Disk Drives (801R Shugart) + Floppy
Disk Controller (Double Density) + Dynamic
Memory (48K — Expandable to 64K% + K
Monitor Program and Disk Bios on 2716
EPROM + RAM/ROM/PROM, upto8Kin any
combination on CPU + Hard Disk Compatible
+ 2 Serial/2 Parallel Ports + Real Time Clock
+ EPROM Programmer + CPM, 22 or 1.4
Operating System + MPM Compatible + Full
line of business software available

SYSTEM+SS $4500.00 (DBL DEN SINGLE SIDED)
SYSTEM+DS $5500.00 (DBL DEN DUAL SIDED)

Includes cabinet, 30 amJ) power supply, and the
IEEE S-100 motherboard (12 or 18-slot). The

QT MF+ is fan-cooled, has AC line filter to
eliminate EMI, and is fully-assembled and factory-
tested. Power and reset switches are located on
front panel.

MF+12  $450.00 MF+18  $500.00
MF+ Without Mother Board s350.00 |STOCK

MF 4+ MD (Accepts 2 each 5% Disk Drives)

Includes cabinet, 18 amp power supply, IEEE
§-100 Motherboard (6-12-slot) and dual-mini-
disk provision with disk drive power supply.

The UT MF+ MD is fan-cooled, has AC line
fliter to eliminate EMI, and is fully-assembled and
factory-tested. Power and reset switches

are located on the front panel.

MF+MD12  $500.00 MF+MD6  $450.00

MF+MD Without Mother Board $450.00 |STOCK STOCK

T TECHNICAL HOTLINE dgpss sz guess —
(21 3) 973'26 1 g e g%})342917-05-105%52('cominental UiSH On?; —
WARRANTY — 1 YEAR AGAINST DEFECTS IN MATERIAL AND (EAFPRCak [.

WORKMANSHIP FROM DATE OF SHIPMENT DN ALL OT PRODUCTS “QUKK & TIMELY" Dealer Inquiries Invited
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GET IT
OFF THE
FLOOR

Now that you have a shiny new
computer terminal, what are you
going to put it on? Computer Furni-
ture and Accessories makes a variety
of furniture for a wide range of com-
puter applications. In combinations
of six widths, three depths, and three
heights. With ““L" shaped returns,
Micro shelves, data shelves, RETMA
mounting, and printer stands. With
optional drawers, doors, CRT turn-
tables, and casters. Sizes, shapes
and colors designed to fit your office
or computer room environment. Rea-
sonably priced and shipped from
stock.

Call CF&A. We'll get your system up
where you can really put it to use.

F°A

Computer Furniture and
Accessories, Inc.
1441 West 132nd Street
Gardena, CA 90249
(213) 327-7710
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Photo 2: The remote data-entry terminal.
Using a new serial keyboard-interface in-
tegrated circuit, construction is simple
and inexpensive.

were only one part of the solution.
They facilitate operator feedback, to
a limited degree, but like any
transmit-only wireless device, they
cannot be relied upon in critical ap-
plications. Consistent success in con-
trol can be obtained only with closed-
loop communications hard-wired
directly between the operator and the
control computer. If you press a but-
ton on the entry panel, the computer
signifies acceptance of the command
by flashing an LED or displaying
“HEY, GOOD BUDDY."

The easiest way to satisfy the re-
quirements of direct communication
is to use a standard video-display ter-
minal at each remote location. The
environment in the average home is
not as hazardous as a factory plating
line. With video terminals at $700
each, it is at least worth thinking
about.

Limitations of Video Terminals
However, one problem is that most
video-display terminals have an RS-
232C serial output which is not sup-
posed to be used for communication
line lengths over 50 feet. Before you
throw out the terminal you were
saving to put in the bedroom at the
end of the hall (51 feet from the com-
puter), I should point out that this
specified limitation becomes signifi-
cant only at a data rate of 19,200 bps

(bits per second). At 300 bps, the
problem is of less concern. I have
personally driven 1000 feet of
transmission line at 300 bps through
an RS-232C port. This is a little un-
orthodox so don't tell anyone I told
you.

There are many computer owners
like me who don't particularly care to
put a $700 terminal in the garage. If
your garage is anything like mine,
you'd either have to keep it wrapped
in plastic or periodically wipe the oil
off, and dump the leaves and the dirt
out of it. The average open-chassis
video terminal would last about a
week. Terminals specifically designed
for these extremes would be very
expensive and probably come in
NEMA 4 or NEMA 10 (National Elec-
trical Manufacturers Association
specifications) oil- and water-tight
enclosures.

Build a Low-Cost
Data-Entry Terminal

The personal computer applica-
tions which would warrant using a
$5000 submersible data-entry panel
are limited in number. [ prefer instead
to build something that is less expen-
sive. A remote-entry panel, in the
garage for instance, might only re-
quire functions such as lights on and
off, alarm on and off, and maybe a
few heating-system functions. A unit
installed in the bedroom might havea
couple additional functions.

For my own use, I felt I could be
satisfied with a combination of ten
numeric digit codes (0 thru 9) and ten
function inputs. Control-system
response could be handled adequately
with an 8-bit display. Proper choice
of components used in construction
(with regard to temperature and
voltage ranges, etc) would allow use
of the panel in a slightly heated
garage as well as the bedroom, and
make it inexpensive enough to almost
be considered disposable.

Thanks to a new serial keyboard-
interface integrated circuit from Na-
tional Semiconductor, the entire
remote data-entry terminal, shown in
photo 2, can be constructed with only
two integrated circuits. The entry
panel, which communicates with the
host computer in standard 1200 bps
serial format, can be placed as far
away as 2 miles from the control
computer with the addition of a line
driver and receiver. With the excep-
tion of the hexadecimal display
shown on the prototype, the entire

Circle 17 on inquiry card. =l



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 megobytes
unformatted). And it's expandable to 104 megabytes.

The DISCUS M26™ system is delivered complete—

a 26 megabyte hard disk drive, controller, cables and operating system-for
just S4995. Up to three additional drives can be added, S4495 apiece. -

The DISCUSM26™ system features the Shugart SA4008
Winchester-type sealed media hard disk drive, in-a handsome metal cabin t
with fan and power supply.

The single-board S-100 controller incorporates |meI||-
gence to supervise all data transfers, communicating withthe CPUvia
three 1/0 ports (command, status, and data). The controller has the ability to
generate interrupts at the completion of each command to increase system
throughput. There is a 512 byte sector buffer on-board. And each sectorcan be
individually write-protected for data base security.

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

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

*CP/M is a frademark of Digital Research.

&

26 MEGABYTES
$4995.

MORROW DESIGNS™

" Thinker Toys"



terminal can be built for under $50.
The heart of my entry panel is the
MM57499 serial keyboard-encoder

circuit. This device bears some
similarity to other scanning
keyboard-encoder read-only

memories sold by many manufac-
turers. It scans a 12 by 8 key matrix
and produces the ASCII code for each
key. However, using an inexpensive

color-burst (3.579 MHz) crystal and
an internal data-rate generator, it
transmits the characters serially at
1200 bps. In addition, it has the
capability to receive serial data (1200
bps) as well. This information can be
displayed 1 byte at a time using a
single 8-bit shift register. The com-
munications protocol in either case is
fixed at 1 start bit, 8 data bits, 1 stop

Photo 3: It is amazing what can be done with so few parts. Most of the components
shown here are quite common and easily available. The use of such materials as a color-
burst crystal and a standard hexadecimal keypad make this project reliable and nearly

bullet proof.

Photo 4: This twenty-eight-pin integrated circuit keeps things simple by performing the
keyboard encoding and transmitting resulting data serially. It also takes care of display
functions, with the addition, in figure 2a, of a single shift register.
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bit, and no parity bit. The data rate
can be changed by selecting a dif-
ferent crystal or injecting a TTL
(transistor-transistor logic)-level
clock signal into pin 2 of the
MM57499.

A block diagram of the interface is
shown in figure 1, and the schematic
diagram is illustrated in figure 2. The
keyboard ] used is a standard twenty-
key hexadecimal pad. The keys are
individually connected across the X
and Y matrix inputs as shown. When
the A key is pressed, it will short Y,
and X, together sending out the
ASCII code for lowercase “a”. Press-
ing the shift key and the A key
together will send an uppercase “A”.
The ten letters A thru E and a thru e
constitute our primary function keys.
The numeric-digit keys O thru 9 are
wired into the matrix in a similar
manner. Pressing the shift key and a
digit can provide ten more ASCII
symbols as function indicators if
needed. The key codes corresponding
to the cross points of the matrix are
outlined in figure 3. To change a par-
ticular key, simply determine which
scan and strobe lines produce the
desired code and wire the key be-
tween those points.

Three keys, F, H, and L in my unit,
are given operations that are different
from what their nomenclature might
indicate. The F key is wired as a
semicolon “;”, the L key is wired as a
Control “CTL” key and, the H key is
now an Escape “ESC”. These three
keys facilitate using the program-
mable phrase feature of the
MM57499.

During normal use, pressing the A
key will send an “a”. This could be
interpreted by the host computer as
the set-alarm signal to the home
security system. To reduce potential
problems, a numeric code or pass-
word could be required with all en-
tries. Fortunately, frequent transmis-
sion of a lengthy password is not a
problem.

The MM57499 contains a fourteen-
character programmable memory.
Pressing a Control-Escape enables
this function and automatically
transmits a hexadecimal FA to tell the
control computer that the panel is in
the program mode. The next one to
fourteen keystrokes (character or
control) will be stored in memory. To
halt the entry process, for instance
after entering a password of “abAB”,
we just type a Control-semicolon.
This will transmit the stored message

—
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INTERTEC’S NEW $2500 MULTI-USER S

g

MALL BUSINESS COMPUTER

At last, there's a multi-user micro-
computer system designed and built the
way it should be. The CompuStar™. Our
new, low-cost “shared-disk™ multi-user
system with mainframe performance.

Unlike any other system, our new
CompuStar offers what we believe to be the
most practical approach to almost any
multi-user application. Data entry. Distrib-
uted processing. Small business. Scientific.
Whatever! And never before has such
powerful performance been available at
suchmodest cost. Here's how we didit . . .

The system architecture of the
CompuStar is based on four types of video
display terminals, each of which can be
connected into an auxiliary hard disk stor-
age system. Up to 255 terminals can be
connected into a single network! Each ter-
minal {called a Video Processing Unit) con-
tains its own microprocessor and 64K of

dynamic RAM. The result? Lightning fast .
program execution! Even when all users

are on-line performing different tasks! A

special “multiplexor” in the CompuStar ]

Disk Storage System ties all exter-
nal users together to “share” the
system's disk resources. So, no
single user ever need wait on an-
other. An exciting concept . . .
with some awesome application
possibilities!

CompuStar™ user
stations can be configured in
almost as many ways as you
can imagine. The wide variety
of terminals offered gives you
the flexibility and versatility
you've always wanted (but
never had) in a multi-user
system. The CompuStar
Model 10 is a program-
mable, intelligent terminal
with 64K of RAM. It's a
real workhorse if your re-
quirement is a data entry

“Regrstered travemdck of Drgital Research fng ‘ :

or inquiry/response application. And if your
terminal needs are more sophisticated,
select either the CompuStar Model 20, 30
or 40. Each can be used as either a stand-
alone workstation or tied into a multi-user
network. The Model 20 incorporates all of
the features of the Model 10 with the
addition of two, double-density mini-flop-
pies built right in. And it boasts over
350,000 bytes of local, off-line user stor-
age. The Model 30 also features a dual
drive system but offers over 700,000 bytes
of disk storage. And, the Model 40 boasts
nearly 1% million bytes of dual disk stor-
age. But no matter which model you
select, you'll enjoy unparalleled versatility
in configuring your multi-user network.

Add as many terminals as you like
- at prices starting at less than $2500.
Now that’s truly incredible!

No matter what your application,
the CompuStar can handle it! Three disk
storage options are available. A tabletop
10 megabyte 8" winchester-type drive
complete with power supply and our spe-
cial controller and multiplexor costs just
$3995. Or, if your disk storage needs are
more demanding, select either a 32 or 96
megabyte Control Data CMD drive with a
16 megabyte removable, top loading car-
tridge. Plus, there's no fuss in getting a
CompuStar system up and running. Just
plug in a Video Processing Unit and you're
ready to go . . . with up to 254 more ter-
minals in the network by simply connect-
ing them together in a “daisy-chain”
fashion. CompuStar's special parallel
interface allows for system cabie lengths
of up to one mile . . . with data transfer
rates of 1.6 million BPS!

Software costs are low, too.
CompusStar’s disk operating systemis the
industry standard CP/M* With an
impressive array of application soft-
ware already available and several

communication packages offered,
the CompuStar can tackle even your
most difficult programming tasks.

Compare for yourself. Of all

the microcomputer-based multi-
user systems available today,

we know of only one which
offers exactly what you need
and should expect. Excep-
tional value and upward
growth capability. The
CompuStar™ A true price
and performance leader!
= =INTERTEC
]WEDATA
= =SYSEMS.
2300 Broad River Pg. Columbia. SC 29210
(803) 798-8100 TWX: 810-666-2115

|



RESPONSE AND STATUS

LED
DISPLAY
SHIFT "
REGISTER [T ]
‘ r POWER ON
RESET
S— DATA CLOCK
ENTRY |
KEYBOARD
F e ——— MM 57493 SERIAL OUT LINE
R : 0-X7 SERIAL N DRIVER
¥———1 KevYBOARD =
KEYBOARD INTERFACE
T " SERIAL IN LINE
L 5-Y11 . - RECEIVER
3.578 MHz

1200 BPS
UP TO 2 MILES OF

TRANSMISSION LINE

—
:l' CRYSTAL

Figure 1: Block diagram of a minimal-component remote-entry panel, capable of serial communication with most host computers.

to the computer. The first time it is
transmitted, a hexadecimal F9 is af-
fixed to the beginning of the message
to tell the computer that the terminal
is no longer in the programming
mode. At any time after this point,
whenever a Control-semicolon is

pressed, the stored password will be
transmitted. Reprogramming this
phrase is accomplished by simply
pressing Control-Escape again and
repeating the sequence.

Receiving data from the control
computer in response to an operator

input is where the real power of this
interface becomes apparent. The
computer can signify the acceptance
or rejection of a command input, or
the completion of a task by turning
on one of the LEDs connected to IC2.

Text continued on page 42

Introducing

' — A significant development

in hand tool design.

— Engineered with traditional

VISE-GRIP quality.

the new VISE-GRIP"
long nose locking pliers.
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Circle 19 on inquiry card.

(Model 6LN, with wire-cutter,
pictured actual size.)

VISE-GRIP

© 1980 Petersen Mfg. Co.. Inc.
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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 multi-tasking operotin? system.
Not only may several users run differen
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.

I Support

The design of UniFLEX, with its hierarchical file
system and device independent 1/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/merge 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 gre also
available.

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

"UniFLEX and FLEX are trademarks of Technical
Systems Consultants, Inc.
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S 3§ ¢ S¢ SE & S g S¢ S§ SE ¢
X Y X Y
0 0 80 80 80 80 FN1 0 6 30 30 30 30 0
1 0 81 81 81 81 FN2 1 6 K) K) 21 21 1
2 0 82 82 82 82 FN3 2 6 32 32 22 22 2
3 0 83 83 83 83 FN4 3 6 33 33 23 23 3
4 0 84 84 84 84 FN5 4 6 34 34 24 24 4
5 0 85 85 85 85 FN6 5 6 35 35 25 25 5
6 0 86 86 86 86 FN7 6 6 36 36 26 26 6
7 0 87 87 87 87 LS 7 6 37 37 27 27 7
0 1 88 88 88 88 IC 0 7 38 38 28 28 8
1 1 89 89 89 89 ADM 1 7 38 39 29 29 9
2 1 8A 8A 8A 8A DE 2 7 3A 3A 2A 2A :
3 1 8B 8B 8B 8B BTAB 3 7 3B 3B 2B 2B .
4 1 8C 8C 8C 8C SC 4 7 2C 2C 3C 3C ,
5 1 8D 8D 8D 8D CLEAR 5 7 2D 2D 3D 3D -
6 1 8E 8E 8E 8E EOS 6 7 2E 2E 3E 3E .
7 1 8F 8F 8F 8F EOL 7 7 2F 2F 3F 3F /
0 2 90 90 90 90 BS 0 8 40 00 00 60 @
1 2 91 9 9 91 DL 1 8 61 01 01 1 A
2 2 92 92 92 92 DC 2 8 62 02 02 42 B
3 2 93 93 93 93 IL 3 8 63 03 03 43 c
4 2 94 94 94 94 FMT 4 8 64 04 04 44 D
5 2 95 95 95 95 t 5 8 65 05 05 45 E
6 2 96 96 96 96 | 6 8 66 06 06 46 F
7 2 97 97 97 97 - 7 8 67 07 07 47 G
0 3 98 98 98 98 - 0 9 68 08 08 48 H
1 3 09 08 09 08 TAB 1 9 69 08 09 49 |
2 3 08 08 08 08 BS 2 9 6A 0A 0A 4A J
3 3 7B 7B 7B 7B { 3 9 6B 0B 0B 4B K
4 3 7C 7C 7C 7C 4 9 6C 0C oC 4C L
5 3 7D 7D 7D 7D } 5 9 6D oD oD 4D M
6 3 7E 7E I3 I3 6 9 6E OE OE 4E N
7 3 5F 1F 1F 1F —_ 7 9 6F OoF OF 4F o)
0 4 30 30 30 30 0 0 10 70 10 10 50 P
1 4 3 K} 31 K3 1 1 10 7 11 11 51 Q
2 4 32 32 32 32 2 2 10 72 12 12 52 R
3 4 33 33 33 33 3 3 10 73 13 13 53 S
4 4 34 34 34 34 4 4 10 74 14 14 54 T
5 4 35 35 35 35 5 5 10 75 16 15 55 u
6 4 36 36 36 36 6 6 10 76 16 16 56 v
7 4 37 37 37 37 7 7 10 77 17 17 57 w
0 5 38 38 38 38 8 0 11 78 18 18 58 X
1 5 39 39 39 39 9 1 11 79 19 19 59 Y
2 5 0A 0A 0A 0A LF 2 11 7A 1A 1A 5A z
3 5 1B 1B 1B 1B ESC 3 11 ON—~FC Cap Loc
4 5 20 20 20 20 sP 4 11 ON—~FE Shift Loc
5 5 0D 0D 0D oD RTN 5 11 RPT
6 6 2E 2E 2E 2E . 6 11 No Code CNTR
7 5 FF FF FF FF  BREAK 7 11 SHIFT
Table 1: Hexadecimal key-code assignments. Using this set of assignments, the computer can reply to data entered at the terminal.
The data received at the remote terminal is displayed on eight LED indicators or an optional two-digit hexadecimal readout.

VAK-4 16K STATIC RAM BOARD

e Designed specifically for use with the AIM-65, SYM-1, and KIM-1 microcomputers

o Two separately addressable 8K-blocks with write protect.

» Designed for use with the VAK-1 or KIM-4* motherboards

e Has provisions for mounting regulators for use with an unregulated power supply

» Made with 1st quality 2114 static ram chips

* All IC's are socketed

» Completely assembled, burned-in, and tested
We manufacture a complete line of high quality expansion boards. Use reader service
card to be added to our mailing list, or U.S. residents send $1.00 (International send $3.00
U.8.) for airmail delivery of our complete catalog.

“Product of MOS Technology

. . $336:00 d lus shippi
:I,:l'((-;gl?-:klax(‘z‘\;r)pulated):ggg.gg P shippne E N T E R P R I S E S
INCORPORATED

2951 W, Fairmount Avenue * Phoenix, AZ 85017 » (602) 265-7564
Please note new address
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Number  Type +5V GND
IC1 MM57499 11 1
IC2 74164 14 7
IC3 75114 16 8
28 IC4 75115 16 8
ICS 75115 16 8
4710 IC6 75114 16 8
TYPICAL FOR 8
8 BIT SERIAL
STATUS # TiL-2098 vy > our
ISP TYPICAL FOR 8 e
MSB 3 T0
$a9K S10K FIGURE 2B
. Qa Q8 Q¢ Q Q Qf Qg Qy . LN T, b3
A SERIAL
2| Ic2 74164 CLEAR 1 our * <3y
cLoCK B BIT SHIFT REGISTER o
8
DATA CLOCK
18 4 24 9
CLOCK RESET TRANSMIT  RECEIVE )
CRYSTAL
IC1 MM57499
X7 Xg Xs X3 X3 X X Xg Yl Y8 Y7 Y6 Ys cRysTAL i'lM
17 23 22 |21 (25 |26 [27 |28 19 [20 j8 [7 |6 5 L 3 578mm:
CRYSTAL
SHIFT \CTL .I.K. T
10K \&_ \ —LGr
A K\ Ex\ ox\ cx SR A TYPICAL FOR 10
SRSk ‘
10 LY
NN ¢ N ? e 8
10k Y <M
o 7 G 6 M WEN 3182 W ! a0
AR SRS VRS N W N W Y
\o\, ESC
10K N

Figure 2a: Schematic of the remote data-entry terminal. Use of the MM57499 serial keyboard-interface circuit allows for simple con-
struction. Data is entered via a standard keypad, and encoded by the interface circuit. Data may then be sent serially at 1200 bps to
the computer over any of a number of types of transmission line.

In this circuit, all diodes are 1IN914s, and not all Yn lines are used since a hexadecimal keypad does not require them. Holding any
key down causes a 15-cps automatic repeat.

UCSD* System for TRS-80 Model 11t

The most portable operating system now supports FORTRARN, Pascal and/or FORTRAN modules are compiled in universal P-code, so they
Can run on most microprocessors, oftenwithout recompiling, Programs execute up 1o/10 times faster than comparable BASIC programs, and
uge much less memory. Ready 1o run on TRS-80 Model 1| (GaK).

PRICES

FEATURES PLUS, from PCD Systems

38

= Interactive operating system—dynamic
overlays, disk file handling, run-time sup-
port and block 1/0 routines,

m Disk formatting program 1o initialize dis-
kettes In single or double density formats.
= Configuration program for serial /0.

® UCSD Systemn with Pascal Complier $350
with Pascal and Fortran Compilers 5300
= Fortran Compiler alone

= Fast, one pass compilers, ® Disk-sel program 10 permil separale as- {requires Version 11.0) S200
® Twi Editors—one screen orlented for pro- signment of density and format charac- = P-Code Interpreter alone
gramming and text editing, one character teristics for each disk drive, {either L5I-11 or Z-80) % .85
oriented for hard copy terminals DOCUMENTATION Optional Utility Programs
= File handler 10 manipulate disk files. ® LCSD System Manual {400 pages) = CP/M* 1o Pascal e conversion § 50
® Macro-assembler that produces code for G55 = TRSDOS to Pascal file conversion  § 50

linking with Pascal or Fortran programs.
= Linker for link-editing of object and as-
sembly code modules.
® |ibrary of program modules and utilities.

= Beginner's Gulde To LICSD Pascal.

= Pascal User Manual & Reporl,

® Fortran User's  Manual - with
Syslems,

Fortran

PCD Systems, Inc.

PO Box 143 Penn Yan, NY 14527 315-536-3734

*Tradermnark of the Regens af thie Uabeersity of Catornile  MTrademark of Tandy Corposation  VTrademans of igital Research *Trademack of Digilal Eguijment Cofporation

September 1980 © BYTE Publications Inc

u 7-A0 Disassemblier/Dump program % 50

ALSD AVAILABLE

= LUCSD System for MINCE or POTE,

u 7-A0 Adaptable System (you write BIOS),
® LCS0D System for CP/M environments.

PCD Systems is a licensed distributor of the
LICSD Systemn for Pascaland Fortran, Dealer
fnguiries are invitec,
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Solve yo

ur personal energy crisis.

Let VisiCalc*Software do the work.

With a calculator, pencil and paper you can spend hours plan-
ning, projecting, writing, estimating, calculating, revising, erasing
and recalculating as you work toward a decision.

Or with the Personal Software™ VisiCalc program and your
Apple* Il you can explore many more options with a fraction of
the time and effort you've spent before.

VisiCalc is a new breed of problem-solving software. Unlike
prepackaged software that forces you into a computerized
straight jacket, VisiCalc adapts itself to any numerical problem
you have. You enter numbers, alphabetic titles and formulas on
your keyboard. VisiCalc organizes and displays this infor-
mation on the screen. You don’t have to spend your time
programming.

Your energy is better spent using the results than get-
ting them.

Say you’re a business manager and want to project
your annual sales. Using the calculator, pencil and paper
method, you'd lay out 12 months across a sheet
and fill in lines and columns of figures on
products, outlets, salespeople, etc. You'd cal-
culate by hand the subtotals and summary
figures. Then you'd start revising, erasing
and recalculating. With VisiCalc, you simply
fill in the same figures on an electronic
“sheet of paper” and let the computer do
the work.

Once your first projection is complete,
you're ready to use VisiCalcs' unique,
powerful recalculation feature. It lets you
ask “What if?)’ examining new options
and planning for contingencies. "What if”
sales drop 20 percent in March? Just type in
the sales figure. VisiCalc instantly updates
all other figures affected by March sales.

Circle 24 on inquiry card.

Or say you're an engineer working on a design problem and are
wondering “What if that oscillation were damped by another 10
percent?” Or you're working on your family’s expenses and
wonder “What will happen to our entertainment budget if the
heating bill goes up 15 percent this winter?”” VisiCalc responds
instantly to show you all the consequences of any change.

Once you see VisiCalc in action, you'll think of many more
uses for its power. Ask your dealer for a demonstration and dis-
cover how VisiCalc can help you in your professional work and

personal life.

You might find that VisiCalc alone is reason enough to
own a personal computer.

VisiCalc is available now for Apple Il computers with
versions for other personal computers coming soon. The
Apple Il version requires a 32k disk system.

For the name and address of your nearest VisiCalc
dealer, call (408) 745-7841 or write to Personal Software, Inc.,
- 592 Weddell Dr, Sunnyvale, CA 94086. If your
favorite dealer doesn’t already carry Personal

¢ e
N \\ Software products, ask him to give us
p a call.

— o
P:’l‘sn%/\an

VisiCalc was developed exclusively for
Personal Software by Software Arts, Inc.,
Cambridge, Mass.

TM-—VisiCalc is a trademark of
Personal Softvvare, Inc.

* Apple is a registered trademark
of Apple Camputer, Inc.



REMOTE ENTRY PANEL
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Figure 2b: Transmission-line drivers for the terminal are capable of transmitting over 10,000 feet of 100-ohm line. The capacitors at
pin 4 of IC4 and IC5 help to reduce noise pick-up by decreasing the frequency response o f the receiver.
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x,y Genesis
Applesoft subroutines
add graphics to your programs.

From

FUTUREWORLD
2514 University Drive
Durham, NC 27707
(919) 489-7486

Dept B9
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x,y Genesis
now has:

¢ ability to dump graphics
screen to printers,

e standard format graphs
(pie chart, bar chart,
scatter plot, line plot).

Interfaces to popular file

management systems under
development.

$74.95

Circle 25 on inquiry card.

New additions to our select
software list:

VISICALC™ $150.00
A product of Software Arts Inc.

* VISICALC Models *
Save hours of setup time!

Visible Bookkeeper $59.95
Nine basic bookkeeping models
with explanations for adapting to
your own small business.

Business Projector $39.95
Basic one year general business
projection model with cash flow,
ratio analysis and supporting
schedules.
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Versions for the Apple i1
available soon.

Adventure—the
classic mind game.

If you’ve ever been lucky
enough to play Adventure
on a big computer, you
know how addictive it is.
Fantasy, deduction, and
magic all come into play as
you explore the chambers
of Colossal Cave, collect-
play. ing treasure while avoiding

Olympic Decathlon— pitfalls and hostile crea-
areal workout! - e tures. There are surprises

There’s never been a around every corner, and
program that tests your reflexes and coordination like even veteran players keep discovering new things and
Olympic Decathlon. Just like the real one, Microsoft’s improving their scores.
has 10 events, including shot put, pole vault, long Microsoft has the complete microcomputer version

Two incredible games
from Microsoft.

There are plenty of com-
puter games around. But
most of them probably
won'’t hold your interest for
more than a few hours.

That’s what makes these
two releases from Micro-
soft so remarkable. They’ll
keep challenging you in
new ways every time you

jump, javelin throw, and six more. Win- of the original FORTRAN Adventure that runs onlarge
ning takes a combination of strategy, /| L timesharing systems. ltruns on TRS-80 and Applell
timing, coordination, and physical 2 systems with at least 32k memory and one disk.
endurance (really!). - Microsoft—a name worth trusting.
When you jump or throw, the pro- Aoy As the world’s most experienced producer
gram calculates the actual trajec- Y of microcomputer software, Microsoft’s pol-

tory, and shows you what’s happen-
ing with exciting animated
graphics. After each event, the
scores of all competitors (up to
8) are displayed. It's the ulti-
mate party game to show off
your computer!

Disk-based Decathlon
runs on a 32k TRS-80. The
cassette version requires a 16k
Level l or Level Il system.

TRS-80 is a trademark of Radio Shack Corp.
Apple Il is a trademark of Apple Computer, Inc.

/ icy is to offer only the best, most rewarding
“ programs in existence.
/ After playing Adventure and Olympic
i // Decathlon, we think you’ll agree.
J Visit your computer retailer soon for a real
challenge. Or ten.

CONSUMER " PRODUCTS
400 108th Ave. N.E., Suite 200
Bellevue, WA 98004

(206) 454-1315
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Figure 2c: The MM57499 serial keyboard- !
encoder integrated circuit, which scans a
12 by 8 matrix and produces the ap-
propriate ASCII code for each key. - ! ! AL L pc DL Fs | V2
. EOL Eos | cuear | sc | BTaB | DE ADM ic |y
Text continued from page 34: I
This is accomplished by sending an
ASCII character to the entry receiver Ls ey | oene a5 | o ma | ez | En [y
that has a key code corresponding to )
the bits we wish to light. These codes X, Xe Xs Xs X3 Xs X Xo

are listed in table 1.

For example, to light the LSB (least-
significant bit) of the display, a hexa-
decimal 01 is sent. This corresponds
to a "Control-shift-A". The Break key
code FF would turn on all the indi-
cators. To successfully use these
LEDs, a lookup table and bit map
should be included in any software
driver for the terminal. My prototype
included both an 8-bit LED display
and a two-digit hexadecimal display.
They are wired in parallel and display
the same information.

Long Distance Transmission

No one bothers to construct a
remote-entry terminal for placement
next to the control computer. In most
cases you will not have to resort to
extraordinary means to communicate
a couple hundred feet. Should you
need to communicate long distances,
such as 3000 feet to the barn, the line-
driver circuitry of figure 2 should be
used. It is capable of driving 10,000
feet of 100-ohm transmission line. For
short distances it isn't absolutely
necessary to use this wire or circuit. A
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STROBE LINES

Figure 3: Key function chart. Although not all scan lines are used for the hexadecimal
keypad, the MM57499 circuit is capable of encoding the full ASCII character set. In the
unit described, shorting X; and Ys produces an ESC (Escape) code, while shorting Xs

and Y gives the code for 5.

pair of MC1488 and M(C1489 RS-
232C drivers can be substituted for
short runs and twisted-pair wiring
used instead of 100-ohm cable. The
degree of leeway allowed depends
upon the electrical noise between the
terminal and the computer. If in
doubt, use the heavy-duty driver I've
outlined.

Whether you build this interface or
not is immaterial so long as you
recognize the advantages it presents
for those readers interested in control
applications. I've only scratched the
surface concerning the capabilities of
the MM57499. We could also have
used it as a single-chip remote-status
transmitter, or we could have ex-
panded the receiver section for full
message displays. Trying to cover all

potential applications is impossible in
a single article. I assure you that ] am
not through with this device, and I'll
think up a few more gadgets that use
it. If in the meantime you have any
brainstorms concerning home con-
trol, I'd appreciate hearing about
them.

For information on the MMS57499
write to:

Mike Van Slack

Product Marketing Engineer
National Semiconductor
2900 Semiconductor Dr
Santa Clara CA 95051

Next Month: We will explore some
ways to use LCDs (liquid-crystal
displays).l
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If you can type,you
canhandle

your accounting,
word processing
and muchmore
onISC's Small
Business Computer!

P

The Intecolor® 8963 is just one of a complete line of ISC desk- o . .
top computers designed for businessmen who don't know / - - it ¥ ’
how— or don't have time — to write programs. It's CP/M® com- g . g

patible, so you can choose from hundreds of CP/M business z el

programs— programs that have been proven in hundreds of -
actual applications.

Programs like General Ledger, Accounts Receivable and
Payable, Payroll, Mailing List and inventory Control are now
available in color. You'll comprehend data faster, thanks to the
proven readability of ISC's eight-color display.

To compose letters and other documents quickly and easily,
you'll want 1ISC's unique color-coded Word Processing pro-
gram. With an optional printer, you can print out as many
mistake-free originals as you want!

The Iritecolor 8963 gives you all the benefits of color
graphics computing at a price that's competitive with black-
and-white. It's complete with 19" color graphics dispiay,
typewriter-like keyboard, dual disk drive for data storage
- even a color version of Microsoft® Business BASIC for
those of you who do want to program.

Don't let your business get behind the times. Call your ISC
sales representative or visit your nearest Factory Authorized
ISC dealer and get a “hands on" demonstration today.

Color Communicates Better®

* US. domestic pace. Unretouched photoof screen. CP/M 1§ a registered trademark of Digtal Research Corp.

OEM Quantity Discounts are available to Qualified Dealers and Volume Users of 25 Systems (or greater) per year. Call your nearest ISC Representative listed below

ISC SALES REPRESENTATIVES: AL: 205 B83-8660. A2: 602/994-5400. AR: (TX) 214/661-9633. CA: Athambra 213/281-2280. Goleta B0S 964-8751. Irvine 714/557-4460. Los Angeles 213/476-1241, Los
Allos 415948-4563, San Diego 714/292-8525. CO: 303 355-2363. CT: 203/624-7800. DE: (PA) 215/542-9876. DC: (VA) 703/569-1502. FL: Fi. Lauderdale 305,776-4800. Melbourne 305/723-0766. Orlando
305425-5505, Tallahassee 904/878-6642. GA: Allanta404/455-1035, Hi: B08/524-8633. 1D: (UT) 801/292-8145, IL: {No ) 312/564-5440, {So. MO) 816/765-3337, IN: {IL) 312/564-5440, 1A: {Scott County
Only) 312/564-5440, (MO) 816/765-3337, KS: (MO) 816/765-3337. KY: 506/273-3771. LA: 504/626-9701, ME: (MA) 617/729-5770. MD: (VA) 703/569-1502. MA: 617/729-5770, MI: Brighton 313/227-7067,
Grand Rapids 616/393-9839. MN: 612/645-5816. MS: (AL) 205/883-8660. MO: 816/765-3337, MT: (CO) 303:355-2363. NB: (MO) 816/765-3337. NH: (MA) 617/729-5770, NJ: (No.) 201/224-6911. (So.)
215/542-9876. NV: (AZ) 602/994-5400. NM: 505.292-1212. NY: Metro/LI{NJ) 201/224-6911. N. Syracuse 315/699-2651. Fairport 716.223-4490. Utica 3157321801, NC: 919'682-2383. ND: (MN)
612:645-5816. OH: Cleveland 216:398-0506. Dayton 513,435-7684, OK: (TX) 214/661-9633. OR: 503 644-5900. PA: (E) 215:542-9876. (W) 412/922-5110. RI: {(MA) 617/729-5770. SC: 803 798-8070. SO:
{MN) 612:645-5816. TN: 615482-5761. TX: Austin 512/454-3579. Dallas 214/661-9633. El Paso Area (Las Cruces. NM) 505/524-9693. Houston Only 713/681-0200, UT: 801/292-8145. VT:{MA) 617/729-5770.
VA: 703/569-1502. WA: 206/455-9180. WV: (PA) 412/922-5110, WI: (IL) 312/564-5440, WY: (CO) 303/355-2363.

EUROPEAN EXPORT SALES: EUROPE: (MA) 617/661-9424. BEL GIUM: Brussels 02-242-36-04. DENMARK: 02-913255, FRANCE: Rueil Maimaison 749-47-65, Paris 33-1-306-4606, GREECE: Athens
642-1368. ITALY: Milano 02600733, THE NETHERALANDS: Poeldijk 01749-47640, Amsterdam 020-360904. SPAIN: Barcelona 204-17-43, SWEDEN: Vallingby 08-380-370, SWITZERL AND: Mutschellen
057-546-55. UNITED KINGDOM: Bournemouth 0201671181. WEST GERMANY: Koblenz 01149-31025/6. AUSTRALIA & NEW ZEALAND: AucklandB76-570.Canberra 58-1811, Chermside 59-6436.
Chxistchurch 796-210. Melbourne 03-543-2077. Sydney 02-808-1444, Wellngton 644-585, CANADA: Dorval 514 636-9774, Ottawa 613/224-1391, Toronto 416.787-1208. Vancouver 604/684-8625. CENTRAL
AND SOUTHAMERICA & C, HIBEEAN: {GA) 404 394-9603, MEXICO: Monterrey 564-876. FAREAST: (CA) 213:382-1107. HONG KONG: 5742211, JAPAN: (Tokyo)

(03) 463-9921, TAIWAN: (Taipei) 02-7026284, MIDDLE EAST: (GX] 404/581-0243, EGYPT: 809933, ISRAEL: Ramat Gan 03725749,

KUWAIT: Kuwait 438-180/1/2, LEBANON: Beirut 221731/260110, SAUDIARABIA: Jeddah 27790, Riyadh 25083-39732
For sales and service in other countries contact |SC headquarters in Norcross, GA_ 1).S. A,

m Intelligent Systems Corp.

Intecolor Drive ] 225 Technology Park/Atlanta [[) Norcross, GA 30092 (] Telephone 404/449-5961 [ TWX 810-766-1581



Your vehicle for com

The Challenger 8P DF.

The general purpose microcomputer
was first introduced as a computer
for habbyists and experimenters.
However, as the industry has grown,
microcomputers have become
specialized for personal use or for
small business use. There is virtually
no computer for the serious experi-
menter withoneimportantexception,
the Ohio Scientific Challenger 8P.

The C8P is unique in that it incor-
porates the features of state-of-the-
art personal computers, with the
memory and disk storage capacity
of business computers, along with
the “"mainframe’’ bus architecture
and open ended expansion capability
of industrial control computers.

Personal Computer
Features

The C8P DF’s specs
beat all personal
computers hands
down. It executes
instructions two
to three times
faster, and
displays more
alphabetic
characters

onits screen

than other

models. Ithas upper and lower case
and graphics in 16 colors. The C8P’s
Standard I/O capabilities are far
mare extensive than any other com-
puter, with joystick and keypad inter-
faces, sound output, an 8-bit D/A
converter, 16 parallel I/O lines,
modem and printer interfaces, AC
remote control and security monitor
interfaces and a universal acces-
sory port that accepts a prom blaster,
12-bit analog I/O module, solderless
prototyping board and more.

Ohio Scientific offers a large library
of personal applications programs,
including exciting action games
such as Invaders and Star Trek,
sports simulations, games of logic

and educational games, personal
applications such as biorhythms,
calorie counter, home programs
such as checking and savings
account balancers and a home
budgeter just to name a few. A new
Plot BASIC makes elaborate anima-
tions easy, and music compaosition
program allows you to play complex
multi-part music through the com-
puters DAC.

At the systems level the machine
comes standard with OS-65D, an ad-
vanced disk operating system with
Microsoft BASIC and an interactive
Assembler Editor. Optional software
includes UCSD PASCAL and
FORTRAN and an Information
Management System (OS-MDMS).
Dozens of independent software
suppliers now also offer personal
programs for the C8P.



puter explorations.

Business Computer Features

The C8P DF utilizes dual 8" floppy
disk drives which store up to eight
times as much information as per-
sonal computer mini-floppies, and
an available double-sided option
expands capacity to 1.2 megabytes
of on-line storage. The C8P DF is
compatible with Ohio Scientific’s
business computer software, in-
cluding OS-65U an advanced oper-
ating system, and an Information
Management System (OS-DMS) with
supplementary inventory, account-
ing, A/IR-AIP, payrall, purchasing,
estimation, educational grading and
financial modeling packages. The
system also supports word process-
ing (WP-3) and a fully integrated
small business accounting system
(OS-AMCAP V1.6). The C8P DF's
standard modem and printer ports
accepthigh-speed matrix printers
and word-processing printers directly.

Home Control and

Industrial Control

The C8P DF has the most advanced
home monitoring and control capa-
bilities ever offered in a computer
system. It incorporates a real time
clock and a unique FOREGROUND/
BACKGROUND operating system
which allows the computer to
function with normal BASIC pro-
grams, at the same time it is
monitoring external devices.
The C8P DF comes standard
with an AC remote control
interface, which

allows it to control a wide range of
AC appliances and lights remotely,
without wiring, and an interface for
home security systems which moni-
tors fire, intrusion, car theft, water
levels and freezer temperature, all
without messy wiring. In addition,
the C8P DF can accept Ohio Scien-
tific’s Votrax voice 1/0 board and/or
Ohio Scientific's new universal
telephone interface (UTI). The tele-
phone interface connects the com-
puter to any telephone line. The
computer system is able to answer
calls, initiate calls and communicate
via touch-tone signals, voice output
or 300 baud modem signals. It can
accept and decode touch-tone
signals, 300 baud modem signals
and record incoming voice
messages. These features collec-
tively give the C8P DF capabilities to
monitor and control home functions
with almost human-like capabilities.

For process control applications, a
battery back up calendar clock with

automatic computer restart capabili-

ties is available. Ohio Scientific's
unique accessory ports allow the
connection of a nearly unlimited
number of 48 line parallel I/O cards
and 12-bit high speed instrumenta-
tion quality analog I/0O maodules to
the computer by inexpensive 16-pin
ribbon cables.

Exploring New Frontiers
Ohio Scientific's vocalizer software

processes normal BASIC print state-

ments with conventional spellings
and speaks them clearly in real-time

on computers equipped with the UTI
(CA-15B or CA-14A). This voice out-
put capability, combined with the
C8P’s remote control, remote sens-
ing, telephone interface capabilities
and reasonable cost open up new
frontiers for computer applications.

Documentation

The C8P DF is not a beginner’s com-
puter and doesn’t come with begin-
ner's documentation. However, Ohio
Scientific does offer detailed
documentation on the computer
which is meaningful for experts,
including a Howard Sams produced
hardware service manual that in-
cludes detailed block diagrams,
schematics, parts placement dia-
grams and parts lists. Ohio Scientific
is now also offering fully
documented Source Code in
machine readable form for OS-65D,
the Challenger 8P’s operating
system allowing experimenters and
industrial users to customize the
system to their specific applications.

What’s Next?

Ohio Scientific is workingon a
speech recognizer to complement
the UTI system, with a several hun-
dred word vocabulary. The company
is also developing an 8 megabyte
low-cost, add-on hard disk for use in
conjunction with natural language
parsing to further advance the state-
of-the-art in small computers. The
modular bus architecture of the C8P
assures system owners of being
able to make use of these new
developments as they become
available just as the owner of a 1976
vintage Challenger can directly plug
invoice output, the UTI and other
current state-of-the-art OS|
products.

The C8P DF with dual 8" floppies,
BASIC and two operating systems
costs about $3000, only slightly
mare than you would pay for a dual
mini-floppy equipped personal com-
puter with only a fraction of the
capabilities of the C8P.

For more information and the
name of the dealer nearest you,
call 1-800-321-6850 toll free.

OHI0 SCIENTIFIC

1333 SOUTH CHILLICOTHE ROAD
AURORA, OH44202 [216)831-56800
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An 8088 Processor for the

The 16-bit microprocessor has
definitely arrived. No one doubts that
this new wave of high-performance
processors will soon be operating on
the familiar S-100 bus. In fact, Seattle
Computer Products is already ship-
ping its Inte] 8086-based processor
card, along with a support card that
includes vectored-interrupt control,
hardware mathematical operations,
and miscellaneous timer/counters.

Godbout Electronics has designed a
card containing two microprocessors
and the logic allowing transfer of
control between them by software.
One of the processors on this board is
an Intel 8085A-2, which allows

S-100 Bus

Part 1

Thomas Woodward Cantrell
2475 Borax Dr
Santa Clara CA 95051

the board to be placed in
8080A/8085A/Z80A-based 5-100
systems with a minimum amount of
hassles.

Using various existing or soon-to-
be-developed cross-software pro-
ducts, programs can be developed for
the other processor on the board, the
Intel 8088. When the new software is
developed and loaded, control can be
transferred from one microprocessor
circuit to the other for checkout and
debugging. This is a novel solution to
the problem of bootstrapping a
system consisting of both new hard-
ware and new software.

Microsoft and Digital Research,

——

Photo 1: A wolf in sheep’s clothing. The panel may say “8080," but the processor card
in this system is based on Intel's high-performance 8088.
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both highly renowned producers of
quality software, are making their
contributions to the processor revolu-
tion. Microsoft is already shipping an
8086/8088 version of its popular
BASIC interpreter as well as an
8086/8088 cross-macroassembler
which runs under Digital Research’s
CP/M. A disk operating system and
other system software are to follow.

Digital Research has an 8086/8088
based version of CP/M in the works.
Expect this to be followed with new
versions of MP/M and PL/1. The
multitude of vendors who supply
software to run under CP/M should
already be converting their software
for use with the new CP/M.

Problems Remain

Be that as it may, the S-100/16-bit
processor picture is not as bright as it
may seem. The fundamental problem
is that the S5-100 bus was originally
designed by MITS (of Altair fame) for
the Intel 8080, an 8-bit micro-
processor. To "upgrade” the S-100
bus to the higher levels of perfor-
mance offered by the new machines,
certain problems must be addressed.
The IEEE (Institute of Electrical and
Electronics Engineers) Standards
Committee, through its S5-100 bus
standard definition, has assured a
future for the 5-100 bus in two ways.

First, the problem of incompatibil-
ity between different ''S-100"
modules will be laid to rest. Woe be
unto today's computerist who at-
tempts to use a Brand X DMA color
video-display board with a Brand Y

Circle 29 on inquiry card, =g



MICROTEK MT-80

SOLID VALUE FOR YOUR DOLLAR

The market is flooded with low-cost
printers that look and last more like
toys.

The Microtek MT-80, our versatile alpha-
numeric line printer, has a high quality
print mechanism that gives you solid
value for your dollar. It has been de-
signed with a superior brain resulting in
more advanced features and more de-
pendable performance. Our printer is so
reliable that we offer you an incredible
365 days warranty.

We stand behind every printer we make
because we build quality into each one.
So stop tinkering with toys and get
serious. Demand 100% value by
specifying the MT-80.

OUR UNIT PRICE

$795 Parallel
$895 Serial (RS-232C)

QUALITY

THAT'S WHAT
SEPARATES THIS

LOADED WITH INNOVATIONS

PRINTER FROM

THE TOYS

40, 80 or 120 columns (software
selectable)

Non-thermal paper, pin feed

125 CPS, 70 lines per minute

9 X 7 dot matrix

Vertical format unit

96-character ASCII (upper and lower
case)

Adjustable forms width to 912"
Parallel and serial (RS-232C) inter-
faces available

MICRDTEKm

For more information contact:
MICROTEK, Inc.,

9514 Chesapeake Drive,

San Diego, CA 92123
Tel.(714)278-0633

TWX 910-335-1269
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CPA/Tax Professionals...

Here’s how you can solve your
professional practice development problems.

Are you satisfied with the growth of your tax practice?
Our field tested professional tax preparation software can help!

One tax practitioner reported his tax season income jumped from $12,000t0 $30,000 using
a micro °°mP“‘9' It can happen to you too!! Call or write for details.

‘microlan

Income Tax Softwere Specialists

Complete System, Including:
oFederal individual * State individual  Corporate

dealer Inquirles Invited

FTWARE
3600 WILSHIRE BOULEVARD, #1510, LOS ANGELES, CALIFORNIA 80010 o {213) 738-9972

cP/M®
OSBORNE | MANUAL ONLY
#General Ledger. . ... $ 59/520
#Acct Rec/Acct Pay..$ 59/520
#Payroll w/Cost...... $ 59/520
Buy2getifree..... $118/857
Ali3andCBASIC2...5199/571
DIGITAL RESEARCH
CP/M™" 2.2 Northstar. $149/525
CP/M*2.2Cromemco. $189/525

MICROSOFT

Basic-80........... $284/525
Basic Compiler. ...... $324/$25
Forran80.......... $384/525

MICROPRO
Word-Star (Ver 2.0). . $349/540
Word-Star

/Mail-Merge........ $489/865
DataStar. ... ..$279/835
Worga-Master. ..$119/825
SuperSortl ..$199/825
SuperSort (1 $169/825
SuperSort NI....... $119/525
TioyC........... $ 69/540
CBASIC {Ver 2.06}...5 B9/S15
Pascal/Z (Ver3}..... $369/835
Pascal/MT (Ver 3). .. $229/530
MagicWand........ $299/545
CBS...........u $279/845
UM $369/545
Electric Pencil II.... less 15%

COMPUTER PATHWAYS

#Pearl (level 1)...... $ 99/525
#Pearl (level 2}. ..... $299/525
#Pearl (level 3)...... $549/525

DISK
WITH MANUAL

IS GIIN
.+s__oUFTWARE

PS.—We want to be your software source. Give usthe opportunity to beat any nationally advertised price!

PEACHTREE® 1l
1General Ledger.. . .. $449/535
$Accts Receivable. . .. $449/835
$Accts Payable .$449/535
IPayroli....... $449/$35
1inventory. ... $499/835

1PropertyMaot.. . .. ...$899/535
1C.PA. Cient Write-up. $899/835
Mailing Address. ... $399/835

STRUCTURED SYSTEMS
#General Ledger. .. .. $747/$25
#Accts Receivable. . .$747/525

#Accts Payable .. $747/825
# Payrol .$747/825
#inventory Control. . .. $447/525
# Analyst §$197/815
# Letlenghl $167/525

$ 87/520
$ B87/520

GRAHAM-DORIAN 1
#General Ledger. . ... $793/$35
#AcctsReceivable. . ..

#Accts Payable. ...... $793/835
#Payrol............. $493/835
#lnventory. ......... $493/$35
#Cash Register. ...... $493/$35
#Apartment Mgt... ... $493/835
#Job Costing........ $793/835
MICRO-AP
#Selector lILC2.. . ... $269/520
#Selector V. .. . $469/835
#Glector. ........... §299/525
S-BasicCompiler. . . . $229/525
WHITESMITHS
«C"Compiler. ... ... $600/$30

*Pascal (inc1"C). . ... $750/545

Othersoftware requirements—Call

S.0FTWARE.{
$Microtax® —Prof. tax

preparation
Federal individual. . . $749/850
Federal corporate. . . $249/525

State individual. . ... $249/525
1Business Plus®

General Ledger. ... .. § 79/825
AccountsReceivable. $§ 79/525

Accounts Payable...$ 79/525
$ 79/825
$269/599

....5129/825

Diagnostic | ....... $ 49/520

Other disk software. . less 0%

APPLE II®

MICROSOFT

Softcard (CP/M). . . . $292

PERSONAL SOFTWARE

Visicale™........... 122

CCADataMgr...... $ B4

Desktop/Plan. . ..... s 84

MUSE

Super-Text......... $ 84

Other disk software. less 0%

TRS-80° MODEL Il

cpmM22.......... $149

Electric Pencil I1.... less 15%

TRS-80° MODEL |

CP/M14, ... ...... $129

CCADataMgr...... $ 68

CP/M users: specify disk systems and formats. Most formats avaitable.

% —~Special Bonus withorder
# —Requires CBASIC-2

$ —Requires microsoh BASIC
R = Mfgs. Trademark

1-Suppliedin sowrce code

VISA e MASTERCHARGE

ORDERS ONLY—CALL TOLL FREE
1-800-854-2003 ext. 823
Calif. 1-800-522-1500 ext. 823

Add$2.50 postage and handling per each item. California residents add 6% sales tax.
Allow 2 weeks on checks. C.0.D. ok.
Prices subject to change without notice. All items subject to avaitability.

For information write or call

THE DISCOUNT SOFTWARE GROUP

1610 Argyle Ave., Bldg. 102 ¢ Los Angeles, CA 90028 ¢ (213) 665-8280
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Circle 30 for THE DISCOUNT SOFTWARE GROUP

Z80 processor card and a Brand Z
dynamic memory board. If they all
work together it's a miracle! By more
clearly defining things like DMA
(direct-memory access) protocols and
timing, as well as eliminating some of
the archaic or abused S5-100 signals,
board compatibility can more likely
be assured.

Second, provisions

have been

made to ease the adaptation of new,
higher-performance processors to the

bus.

This expandability has been

achieved in three distinct ways:

16-Bit Data Transfers — MITS
chose to split the 8080's bidirec-
tional 8-bit data bus into
separate input and output data
buses. While the wisdom of this
was often questioned, it has
proven to be a saving grace.
The IEEE S-100 standard adds
two signals (SXTRQ*, Sixteen
Request, and SIXTN*, Sixteen

- Acknowledge) to allow 16-bit

data transfers by ganging the
input and output data
bus.(Note that throughout this
article I will use the “*"” notation
to designate active low signals;
this is the accepted usage in the
IEEE standard.)

Extended Memory Addressing
— Eight of the unused 5-100 bus
lines have been designated as
address lines Al16 thru A23.
With 24 address bits (AO thru
A23), 16 megabytes of memory
can be addressed directly.
Extended [/0O (input/output)
Addressing — The 8080 was
capable of addressing 256 1/0O
ports. The 8-bit I/O port ad-
dress was placed on both the
low byte (A0 thru A7) and high
byte (A8 thru A15) of the 16-bit
address bus. The IEEE standard
allows this echoing of the port
address on both halves of the
address bus, but recommends
that AO thru A15 be used for
170 addressing. The 16-bit 1/O
address gives 5-100 systems the
ability to directly utilize up to
64 K 170 ports.

These standardization efforts will
allow a controlled evolution of the
S-100 bus. However, [ realize that of
the dozens of S-100 boards I have (in-
cluding some of very recent vintage),
probably none meets the IEEE stan-

dard.

I cannot afford to replace them



Buy nowand get FREE Solid State Softwaré Libraries.
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1 FREE module#

with purchase
of a TI-58C
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TI Programmables lead the field
inperformance, quality and value.
When you're choosing a program-
mable calculator consider: Power.
Total software support. Flexibility.
And price/performance. You'll dis-
cover a clear-cut answer. A TI Pro-
grammable 58C or 59.

The TI-59 has up to 960 program
steps or up to 100 memories. Mag-
netic card read/write capability lets
you record your own custom pro-
grams or those received from
PPX (Professional Program
Exchange).

The TI-58C features up to 480
program steps or 60 memories. And
it has TI’'s Constant Memory™ fea-
ture that retains data and program
information even when the calcula-
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that added productivity you need.
From August 15 to October 31, 1980
is your special opportunity to pur-
chase one of the world’s most ad-
vanced programmable calculators.
And get a minimum of $40 worth of
free software modules with a TI-
58C. Or, when you buy a TI-59, get
a minimum of $80 worth of software
modules and an $18 one-year mem-
bership in PPX. This will allow you
to select up to 3 programs (from
over 2,600) written by professionals
in your field.

Visit your TI retailer for more in-
formation, and let him help you se-
lect the TI Programmable and free
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Figure 1: The internal architecture of the 8088. By combining a 16-bit execution unit
with an 8-bit bus-interface unit, the 8088 can use a powerful instruction set and still re-
main compatible with most existing hardware. The functional division of processing
allows the 8088 a speed advantage by performing fetch and execute concurrently.

all. In fact, my IMSAI computer’s
front panel does not meet the stan-
dard either.

A Solution

Intel's 8088 microprocessor is a
remarkable machine. By combining a
16-bit execution unit with an 8-bit bus
interface, the 8088 can represent the
best of both worlds for many users.
(See figure 1.) In particular, the 8088
allows you to reap the benefits of a
powerful new architecture while
preserving your investment in 8-bit
hardware. In addition, many data-
handling-oriented applications (such
as intelligent terminals, data concen-
trators, and small business com-
puters) are more naturally im-
plemented with a machine that com-
municates using 8-bit characters.

New Architectures

The microprocessor revolution is
fascinating because it represents a
microcosm of the computer revolu-
tion. In the last 5 years we have seen
computers on silicon follow the
footsteps of 30 years of computing
history. The effort of the computing
pioneers has not been in vain, for it
has served to chart our course.

Consider current VLSI (very large
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scale integration) processing tech-
nologies. Semiconductor manu-
facturers have the capability of plac-
ing 30,000 transistors on a chip of
silicon today, with as many as
100,000 in the near future. Now ima-
gine a second-generation mainframe
computer of the 1960s. It fills an air-
conditioned room and consists of
large metal boxes and massive power
supplies. Inside some of the metal
boxes are large racks filled with cir-
cuit cards. These circuit cards are
covered with transistors, resistors,
and capacitors. Today, the com-
puting equivalent of these metal
boxes is a small group of integrated
circuits.

The user may be initially impressed
by the complexity of the computer

being used, but he will ultimately .

judge the machine on the basis of its
power and ease of use; therefore, the
challenge for the manufacturers is not
as simple as maximizing the number
of devices. The problem is designing
microprocessors that respond to the
needs of the user.

The high-performance solution is
to implement mainframe architec-
tures that contain tried and proven
virtues. Concepts like attached co-
processors, concurrent 1/O process-

ing, pipelining, memory segmenta-
tion and hardware mathematical
operations are being adopted and put
on silicon. When I say the architec-
ture of the 8088 is “new and revolu-
tionary,” I am really saying that the
day of the “mainframe-on-a-chip” has
arrived.

The Best of Both Worlds

The 8088 contains two processors
in its 40-pin package. One is called
the EU (execution unit) and the other
is the BIU (bus-interface unit). The
BIU is optimized for communicating
with the rest of the computer system,
while the EU is optimized for exe-
cuting programs.

The EU most closely resembles
what is conventionally considered the
processor; it contains the working
registers, the status flags, and the
ALU (arithmetic/logic unit). As its
name implies, this is where programs
are executed.

The EU of the 8088 is the same as
the one in the 16-bit 8086 processor.
All the registers (twelve of them) are
16 bits wide, though some of them
can be treated as two separate 8-bit
registers by the programmer. In addi-
tion, all math operations (addition,
subtraction, multiplication and divi-
sion) can utilize 16-bit operands.

The 8-bit BIU manages much of the
work associated with the address,
data, status, and control bus inter-
faces. The BIU of the 8088 uses an
8-bit data bus for receiving and
transmitting data, as opposed to the
BIU of the 8086, which uses a 16-bit
data bus. An example of the bus-
handling optimization of the BIU is
that the speed requirements placed on
the rest of the system (ie: memory
and I/O devices) are very easy to deal
with. An 8088 running at 5 MHz can
use relatively slow memories (ie:
450 ns access time) with no wait
states. Save those old, slow memory
boards.

The connection between the BIU
(which fetches and stores data) and
the EU (which processes the data) is
the queue or pipeline. The BIU keeps
the pipeline filled with instructions
fetched from memory, while the EU
draws instructions from the queue as
it needs them.

In-less sophisticated computers, the
rest of the system (especially
memory) might sit idle, waiting for
the processor to finish a long instruc-
tion. To eliminate this waste of
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Diablo printers spend more time
in this position.

A printer isn’t much good if it can’t do the
job when it’s needed.

That's why, at Diablo, we don’t just design
printers that work. We design printers that keep
on working. In fact, we make them so reliable,
you can just open the carton, plug in and play.

Diablo offers the widest range of reliable
printers and options to give the flexibility you
need. Which stands to reason. After all, we
pioneered the daisy wheel technology and we're
still the leader in it.

So if your printers spend too much time in
the “off” position, you know what to do.

Switch.

Diablo Systems
XEROX

Diablo® and XEROX® are trademarks of XEROX CORPORATION.



system resources, the BIU of the 8088
will fetch more information and put it
in the queue for later use by the EU.
Similarly, when the BIU tries to read
some extra-slow memory and en-
counters a wait state, the EU can con-
tinue reading instructions from the
queue and executing them. All the EU
ever “sees” is the queue, regardless of
differences in the BIU that feeds it.

This powerful internal architec-
ture, combined with the simple 8-bit
170, makes the 8088 a natural for the
$-100 and other 8-bit buses.

Design and Interfacing

My S5-100/8088 board is designed
as a simple, yet powerful, base com-

CRYSTAL

puter with the support logic necessary
to interface to the S-100 bus. I will ex-
plain the design accordingly by first
discussing the design of the minimal
system, and then the techniques for
interfacing to the 5-100 bus.

Several years ago it would not have
been uncommon to overhear: "My
computer’s got a microprocessor, 2 K
bytes of EPROM, 1 K bytes of pro-
grammable memory, and a couple of
IO ports.” Today, the same machine
can be created using four integrated
circuits. In fact, such a system is
shown in figure 2.

This system uses a 5 MHz 8088 pro-
cessor, driven by an 8284 clock
generator, with an 8185-2 1-K-by-8-

“omll ¥

bit static memory circuit and an
8755A-2 2-K-by-8-bit EPROM
(erasable programmable read-only
memory). The 8755A-2 also includes
two 8-bit parallel ports.

Notice how simple the basic system
is. Each part was designed with com-
patibility in mind, so the interfacing
task is essentially “connect the dots.”

The 8088 Microprocessor

In the following section, detailed
hardware aspects of these key com-
ponents will be discussed. My
reference is Intel's 8086 Family User's
Manual, which contains a wealth of
information on the 8088, 8086, and
other high-performance members of
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Figure 2: A minimum system is possible with the 8088 family using only four dual-in-line packages. This system uses a 5 MHz 8088
central processor, driven by an 8284 clock generator. An 8185-2 1-K-by-8-bit programmable memory and an 8755A-2 2-K-by-8-bit
EPROM provide system memory and two 8-bit parallel I/0 ports. Active-low signals are shown in the figures using the overbar nota-

tion, rather than asterisks.
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1. Qutlasts every competitor—200,000,000
* character head warranty '

. No duty cycle limitations—even in demanding
business applications

. Professional print quality—8 x 7 matrix

. Rugged business use construction—metal
chassis—two motors

. 80 characters per second

. Upper and lower case—full 96 character
ASCI| set 3

. Double width characters

A
3
4
5
6
7

14 REASONS

WHY TRS-80
OWNERS
CHOOSE THE
MICROLINE 80

TRS:80 Is'a registered trade mark of:Radio Shack, a divislon of Tandy Corp.

Circle 33 on inquiry card

8. Connects directly to TRS-80™ APPLE® and

9.

10.
kil
12.

13,
14,

other computers

Block graphics—64 shapes for charts,
graphs, diagrams

Friction and pin feed

Plain paper—up to 3 parts

6 and 8 lines per inch—program controlled
paper savings ]

80 and 132 columns—program controlled
Price—the best value in the industry. Call or

write today for the name of your local
Microline 80 dealer.

All fourteen are standard with every
Microline 80. The only options are
snap-on tractors and a buffered (up to
2000 characters) RS232 interface.

OKIDAIA

Okidata Corporation
111 Gaither Drive, Mount Laurel, New Jersey 08054
Telephone: 609-235-2600

BYTE September 1980 53



MIN MAX
MODE {MODE}
o/

GNDE ORe EVCC

a1a[ 2| cPU [39] a15

a13 3| 38 a16/53

a12[ 4] 37)a17/54

a1 36]a18/55

Al0 E [35] a19/56

a9 7] [34) 5§50 {HIGH)

33| MN/MX
ELG

[31]HoLe  (RQ/GTO)

as[_g|
ao7[ 9|
ap6[ 10

s [11] 30]HLDA  (RQ/GTI
apa[12] [29] WR (LOCK)
ap3[13) [28]10/M 152)
ap2[14 27] oT/R (51)
a01[13 26) EN 150)
apo[ 1] [25] aLE (aso)
Nm1[17] [24])iNTA 1as1

INTR[18]

cLk(19)
6ND [20]

23] TEST

[22] READY
[21] RESET

Figure 3: The pinouts assigned to the 8088
microprocessor package. Notice that
many pinsserve dual functions depending
on the mode selected (either minimum or
maximum). Maximum mode is designed
to facilitate concurrent processing, using
the I/0O processor and arithmetic pro-
cessor also available in the 8088 family.

the family. See figure 3 for the 8088
pinouts.

The following paragraphs describe
the function of the 8088 pins:

ADO thru AD7: These form the
time-multiplexed address and bidirec-
tional data bus. In other words, they
sometimes contain address informa-
tion (A0 thru A7) and other times
contain data (DO thru D7). The ob-
vious benefit of multiplexing is that
eight fewer pins are needed on the
package.

ALE (Address Latch Enable): The
8088 asserts ALE whenever the
multiplexed address/data bus con-
tains valid address information. ALE
serves two fundamental purposes.

® When connected to other
multiplexed-bus components (as
in figure 2), ALE is a signal to
them that the processor has ad-
dress information on its ad-
dress/data bus.

® We may want to demultiplex

the bus—in other words, the
rest of the system may want to
see a separate address bus and a
separate data bus (the S-100
standard requires two separate
buses). ALE can be used to
strobe address information into
a latch (hence the "latch enable”
part of its name) (see figure 4).

A8 thru A15: These are address
lines; they are not multiplexed.

You may note that the multiplexed
bus and many of the following
hardware-interface facets of the 8088
are the same as those of the popular
8085A. The 8088 is upward compat-
ible with many existing B8085A
designs, and the 8088 can easily use
all the peripheral components de-
signed to support both the 8080A and
the 8085A

A16/S3 thru A19/S6: The upper
four address lines (A16 thru A19, also
known as S3 thru S6) extend the ad-
dressing capability of the 8088 to 1
megabyte. This is a very real perfor-

8088

AD;-AD, <

ALE

ADDRESS DATA
AT =ADT

)lDIo-D!-,

sT8

8282

"
o, ADDRESS .
Do-07| ABZEEIS Ao-8y )TO S-100 BUS
.

+5v

cTE—Llfl

Figure 4: The ALE signal from the 8088 microprocessor is used to latch address informa-
tion into an 8282 buffer. The buffer output is demultiplexed address information which
has been separated from data that appears on the same pins.

DO YOU SEE EYE TO EYE WITH YOUR APPLE?

The DS-65 Digisector® opens up a whole new world for your Apple I1. Your computer can now be a part of the action, taking pictures to amuse

our .

friends, watching your house while you're away, taking computer portraits . . . the applications abound! The DS-65 is arandom access video digitizer.
1t converts a TV camera’s output into digital information that youwr computer can process. The DS-65 features:

* High resolution: 256 X 256 picture element scan

e Precision: 64 levels of grey scale

* Versatility: Accepts either interlaced (NTSC) or industrial video input
e Economy: A professional tool priced for the hobbyist

The DS-65 is an intelligent peripheral card with on-board software in 2708 EPROM.

Check these software features:

e Full screen scans directly to Apple Hi-Res screen
e Easy random access digitizing by Basic programs
e Line-scan digitizing for reading charts or trackin

e Utility functions for clearing and copying the Hi-Res screen

Let your Apple see the world!

DS-65 Price: $349.95
Advanced Video FSNI Camera Price $299.00
SPECIAL COMBINATION PRICE: $599.00

"MIG[RLO
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APPLE SELF-PORTRAIT

LW@@@ P.O. BOX 1110 DEL MAR, CA 92014 714-942-240

J
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7
77 every smarT

compuTter neebs an
SD SYSTems Hedrt.

We design and manutacture 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 /O channels.

SBC 100/200 — 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/l —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/l —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 280 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 primarily for education
and experimentation.

PO. Box 28810 - Dallas, Texas 75228 « 214-271-4667 - Telex 6829016

NOW YOU CAN SAVE 325 PER BOARD*
when you purchase any SD Systems microcomputer
board from participating SD Systems dealers listed
below. *Offer expires 10/31/80

ADVANCED COMPUTER
PRODUCTS, INC.
Irvine CA-» 714-558-8813

ANCRONA
Culver City CA = 213-641-4064

THE COMPUTER MART
Waltham MA - 617-889-4540

COMPUTER PRODUCTS
STORES
Springfield IL - 217-528-0027

CUSHMAN ASSOCIATES
Wilmington DE » 302-395-6733

DAL-COMP
Dallas TX « 214-350-6895

FUTURE ELECTRONICS
Natick MA - 617-237-6340

JADE COMPUTER
PRODUCTS
Hawthorne CA - 800-421-5500

MARK GORDON
COMPUTER
Cambridge MA - 617-491-7505

MINI MICRO MART
Syracuse NY - 315-422-4467

PRIORITY ONE
Sepulveda CA + 800-423-5633 or
213-894-8171

S$-100
Clark NJ +201-382-1318

Q.T. COMPUTER
SYSTEMS, INC.
Lawndale CA - 800-421-5150
(ex. CA) or 213-970-0952

For complete product information, send for SD Systems® board and kit

brochure (BK-101).




mance improvement over most 8-bit
processors (usually limited to a 64 K-
byte address space). These address
lines are multiplexed with status in-
formation. During the early part of a
bus cycle (T1, the first clock period of
the four-clock bus cycle), a valid ad-
dress is present. Then from clock
cycles T2 to T4, each of these pins
contains status information as
follows:

® S6: This signal is always low.

® S5: This signal reflects the state
of the EU’s interrupt-enable flip-
flop. If this signal is high, it in-

dicates that the processor can
accept interrupts. If it is low, in-
terrupts are currently disabled.
S3 and S4: These two pins can
encode four possible states.
These states reflect the segment
register used in forming the ad-
dress for the current bus cycle.
(See table 1.) This information
can be used for monitoring pro-
gram execution or for analyzing
program performance. There is
also the potential for
implementing a memory bank-
switching scheme, where the
two lines are used to choose one

makes your TRS-80 :
a whole new animal.

= -
bt i
S e
P ®

O ¥." " -

FA 5w
LYNX isn't just a ) i
telephone coupler. e
LYNX is a one-piece total 1
telephone linkage system {
for TRS-80 Level | and Il
computers. It contains all the k
functions you need to tap The
Source. Engage your business
computer. Play games
with a computer friend.
Or do nearly anything
you wish.
Bestofall...LYNX costs
only $239.95*. A mere
fraction of what you used
to haveto pay for equip-
ment to do the same job.
LYNX. To get your paws
on one, call or write:

~TRE.A 0, Badic Shack Divici

B 2% e
1262 Loop Roa

Lancaster, Pennsylvania 17601
Phone 717/291-1116
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VISA or Master Card Welcome
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“And 52.5010r Shppingand handkng.
PA tesidents add 6% Sales tax.
Indudes “Terminal” prograrm on casselle. insiruction manual.
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of four (banks) of
memory.

MN/MX*: Reflecting the needs of
different users, the 8088 can be
operated in two different modes. If
MN/MX* is high, the processor is in
minimum mode; if this input is low,
the processor is in maximum mode.
Depending on the mode (min or
max), certain pins on the processor
will serve different purposes. In min
mode the processor is responsible for
generating all bus-control signals. In
max mode, control signals are
generated by an 8288 bus controller.

The control signals put out by the
8088 in min mode are then replaced
with other signals that facilitate the
design of higher-performance (and
generally more expensive) systems.
These max mode signals include a
hardware bus lock, queue status
information and the implementation
of a memory access request/grant
protocol used in multiprocessing.

The max mode gives a computer
the ability to use multiple processors
(eg: an 8088 processor with an 8089
concurrent-I/O processor and an
8087 ultra-high-performance
numeric-data processor). Note: both
min and max modes allow the 8088 to
address the full megabyte of memory.

My S5-100/8088 board is imple-
mented in min mode, so when a
signal that differs for min or max
mode is defined, the min mode defini-
tion will be used.

RD*: This is the general-purpose
read signal that latches data from
memory or an [/QO device (the device
involved depends on the state of
IO/M?*) into the 8088.

WR*: This is the general-purpose
write signal. The 8088 uses WR* to
output information to memory or
170 devices.

I0/M*: This line indicates
whether the processor is com-
municating with /O devices or

areas

S4 S3 Segment

0 0 EXTRA

0 1 STACK

1 0 CODE or none (ie: I/0)
1 1 DATA

Table 1: Possible interpretations of in-
formation on pins S3 and S4 of the
8088. Each of the four states is
associated with the segment register
that helped form the current address.




“Our inventory is our existence.
Think we'd trust it to anything less
than Scotch Brand Diskettes?”

Don Stone, President,
Mass. Auto SupplyCompany,
Inc., Boston, Mass.

Scotch Diskettes are the
diskettes you can depend upon
with the information your
business depends upon.

Each one is tested and
certified error-free before it
leaves our factory. Because we
know nothing less than
perfection is acceptable for
your vital business data.

Scotch Diskettes are
available in regular or mini
sizes, compatible with almost
any system.

To find out where you
can purchase Scotch Diskettes,
call toll free: 800-328-1300.

(In Minnesota, call collect: 612-
736-9625.) Ask for the Data
Recording Products Division. In
Canada, write 3M CanadaInc.,
London, Ontario, N6A 4T1.

If it’s worth remembering,
it’s worth Scotch
Data Recording Products.
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memory.
DEN* and DT/R*: The data
enable (DEN®*) and data-

transmit/receive (DT/R*) signals are
primarily for use with the 8286 and
8287 bus transceivers. These devices
serve to buffer the information going
to or from the 8088 processor. DT/R*
configures the transceiver for either
the transmission or reception of data.
DEN™* is used to enable the 8286 or
8287 at the correct time. Since my
system does not use these
transceivers, DEN* and DT/R* are
not used.

INTR: This interrupt-request line
is the general-purpose interrupt in-
put. The ability to receive interrupts
can be masked via software using the
clear interrupts (CLI) instruction,
(similar to the 8080A DI instruction).
If interrupts are not disabled, the pro-
cessor will vector (ie: jump) to an ap-
propriate interrupt-handling routine
(see INTA*, below).

INTA*: Upon receipt of an INTR
instruction, the 8088 will begin an
(INTA*) interrupt-acknowledge se-
quence. The INTA* signal is used to
read an interrupt type vector.
Without going into details, this type

vector is used by the 8088 to deter-
mine the actual address of the appro-
priate interrupt routine. Commonly,
INTA* and INTR are connected
directly to an 8259A programmable
priority-interrupt controller, allow-
ing an easy implementation of power-
ful and flexible interrupt-driven
systems.

NMI: The nonmaskable interrupt
line NMI is an input similar to the
more general INTR except for two
fundamental differences:

® Receipt of NMI does not
generate an INTA* sequence;
rather, a fixed location (stored
at hexadecimal address 08) is
immediately vectored to.

® NMI interrupts cannot be
masked (ie: via the CLI instruc-
tion, as for INTR); NMI inter-
rupts are usually reserved for
catastrophic events such as im-
minent power failure or recur-
rent bus errors.

READY: READY is an input to the
8088 which indicates that an ad-
dressed memory or 17O device is cur-
rently capable of completing an input

or output data transfer. The 8088 will
enter and execute wait states (idle
clock cycles with all control and ad-
dress lines valid) until READY is
brought high. This signal is normally
used to allow operation with slow
memories or [/0O devices. It is also
handy for implementing hardware
single-step capability via a front
panel switch.

TEST*: This unique input line, in
combination with an associated soft-
ware instruction, yields a powerful
hardware/software debugging capa-
bility. It works like this: when the
8088 executes a WAIT (wait for
TEST*) instruction, it immediately
examines the state of the TEST* input
line. If TEST" is low, execution sim-
ply continues with the next instruc-
tion; however, if TEST* is high, the
processor waits in an idle state.
TEST*, combined with the above
mentioned READY-signal-based
single-stepping capability, provides a
powerful debugging aid that I have
exploited in my design.

Another use for TEST" is the syn-
chronization of concurrent process-
ing. An example will serve to explain
this more fully.

32 K BYTE MEMORY

RELIABLE AND COST EFFECTIVE RAM FOR
6502 & 6800 BASED MICROCOMPUTERS

AIM 65-*KIM*SYM

PET*S44-BUS

+ PLUG COMPATIBLE WITH THE AIM-65/SYM EXPANSION
CONNECTOR 'BY USING A RIGHT ANGLE CONNECTOR
{SUPPLIED) MOUNTED ON THE BACK OF THE MEMORY

BOARD
+ MEMORY BOARD EDGE CONNECTOR PLUGS NTO THE

6800S 44 BUS

+ CONNECTS TO PET OR KIM USING AN ADAPTOR CABLE.
+ RELIABLE—OYNAMIC RAM WITH ON BCARD INVISIBLE

REFRESH—LOOKS LIKE STATIC MEMORY BUT AT
LOWER COST AND A FRACTION OF THE PDWER

REQUIRED FOR STATIC BOARDS.

+ USES +5V ONLY, SUPPLIED FROM HOST COMPUTER.

» Fl(.;LL DOCUMENTATION ASSEMBLED ANDEA;ESTED

RE GUARANTEED FOR ONE

BOAROS AR
PURCHASE PRICE IS FULLY REFUNDABLE IF BOARD IS

RETURNED UNDAMAGED WITHIN 14 DAYS.

ASSEMBLED WITH 32K RAM
& WITH 16K RAM i
TESTED  WITHOUT RAM CHIPS
HARD TO GET PARTS (NO RAM CHIPS)
WITH BOARD AND MANUAL
BARE BOARD & MANUAL

STAND L LY
C UHF‘I ETE INSTRUCTIONS.

U.S. PRICES ONLY
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16K MEMORY
EXPANSION KIT

ONLY $58

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

200 NSEC ACCESS, 375 NSEC
CYCLE

BURNED-IN AND FULLY
TESTED

1 YR. PARTS REPLACEMENT
GUARANTEE

QTY. DISCOUNTS AVAILABLE

ALL ASSEMBLED BOARDS AND
MEMORY CHIPS CARRY A FULL ONE
YEAR REPLACEMENT WARRANTY

E T

COMPUTER DEVICES

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

l.alll rﬁ :Imll plense add §% 3ales Inn. Maslercharge

& alew 14 days for ehecks to
:Irlr _-r-u Py i waleame. Shipping charges
will B acidad 10 all shipmenis
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Surprised? You should
be. Because until now, no
software could solve any-
thing butthe most basic
arithmetic problems without
aseriesof complicated
steps.

Abigdisadvantage? If
you use a microcomputer for
scientific, educational oren-
gineering applications, you
betitis: That's why Microsoft
has come up with a solution
ofits own. muMath.

muMathis a symbolic
math package you'll recog-
nize immediately as a major
advance in microcomputer
software.

muMath lets you effi-
ciently and accurately per-
form the most complex
mathematical operations:
Exact,infinite precision ra-
tional arithmetic. Unbound
variables. Complex expres-
sions (even equations may
be included). Exact solution
ofalgebraic equations. Plus
logarithmic, exponential and
trigonometric simplifications
and transformations.

That's fight. Itdoes in an
instantwhattook you years

1

tolearn at school. Rational
arithmetic. Algebra. Trigo-
nometry. Transcendental
functions. Symbolic differen-
tiation (including ordinary
and partial derivatives.)
Symbolic integration ofin-

definite and definite integrals.

Matrix arithmeticand
algebra.
Trigonometric simplifica-

tion? Butof course. Just type:

?SIN (2*Y)*(4*COS(X)* 3
—COS(3*X)+ SIN(Y)*COS
(X+Y+#P1)—COS(X-Y));
Theninstantly muMath
returns:
@4*SIN(Y)*COS(X)*COS(Y).

Addingfractions? Need
you ask?
21/3+5/6+2/5+3/7,;
@419/210.

muMath is writtenin
muSIMP, which is includedin
the muMath package.

MICROSOFT

10800 NE Eighth
Suite 819
Bellevue, WA 98004
206-455-8080
Telex 328945

We set the standard.

muSIMP is an applicative,
recursive language, ideal for
describing complex mathe-
matical concepts.

Because of its highly
interactive nature and hier-
archical structure, muMATH
is an excellent math teaching
device, from simple arith-
metic to calculus.

mMuMATH is currently
available for the CP/M®
operating system.

The complete system,
including muMATH and
muSIMP endisk and deew-
mentationis $250. Runs
under CP/M.

Justwhat you need? We
thought so. Shoot some
guestions at us about
muMATH. We have all the
answers.

Also new from Micro-
soft: the muLISP interpreter
for CP/M. An efficient and
reliable LISP system fully
capable of supporting ser-
ious artificial inteligence
efforts. $200.

CP/Mis aregistered trademark of
Digital Research.



NO FRILLS!
NO GIMMICKS!
JUST GREAT

DISCOUNTS

MAIL ORDER ONLY

ATARI 800

Personal Computer
System

$79900

NORTHSTAR

Horizon 11 32K
Horizon Il Quad
Horizon 164K
Horizon Quad 64K

234900
279900

..299900

339900

TELEVIDEO
912
920

.. 14900
79900

HAZELTINE

1420
1500
1510 .
1520

.. 19500

84900
104900
122900

OKIDATA

Microline 80 . . |

SOROC Technology

10 120
iQ 140

CROMEMCO

System 3
I2H

..969500

799500

INTERTEC

Superbrain 32K . .
Supertrain 64K

249500

..279500

DECwriter IV
LA34

97900

TEXAS INSTRUMENT

810 Multi Copy
Impact Printer

.. 149900

We'll meet or beal any advertised prices!

Most itlems in slock lor immediale dehvery
Faclory seaied carlons. Full manulacturer’s guaraniee

DATA DISCOUNT CENTER

Box 100 135-53 Northern Bivd.. Flushing. N.Y. 11354
Visa s MasterCharge « N Y.S. resicents ace Sales Tax

SmippingF 0.B N Y

Phone Orders Call 212-465-6609
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Imagine a max-mode 8088 system
that also utilizes an independent 8089
170 processor. A common occur-
rence will be the 8088 issuing a “com-
mand” to the 8089 to perform some

" 170 function (such as reading from or

writing to a disk, or printing on a
printer). While the 8089 is doing this,
the 8088 can continue executing the
user’s program (resulting in concur-
rent or simultaneous processing).

However, in some cases, the 8088
must wait for the 8089 to finish its
1/0 task. For example, the user’s pro-
gram may not be able to continue
processing until data is retrieved from
a disk. In this case, the 8088 will com-
mand the 8089 to perform the read
operation and will then execute a
WAIT instruction. Meanwhile, the
8089 pulls the 8088's TEST* input
high until the I/O operation is com-
plete. When the operation is finished,
the 8089 will bring TEST* low and
the 8088 can continue executing.

SSO*: This is a status output line
which, combined with IO/M* and
DT/R*, allows complete decoding of
the current 8088 status. (See table 2.)

RESET: A high-logic state on this
input causes the 8088 to terminate its
present activity and restart execution.
The CS (code-segment) register is set
to hexadecimal OFFFF and the IP (in-
struction pointer) is reset to O,
resulting in an absolute restart ad-
dress of hexadecimal OFFFFO. (See
tigure 5.)

CLK: This is the clock input to the
processor and is normally driven by
the 8284 clock generator. It is a 5
MHz, 33% duty-cycle signal.

The 8284

The 8284 clock generator is used
to generate an optimal clock signal
for the 8088 and condition some of
the basic processor-control signals.

. (See figure 6.) Some of its functions

are more directed towards max-mode

10/IM* DT/R* SSO* Status

1 0 0 Interrupt Acknowliedge

1 0 1 Read VO port

1 1 0 Write /O port

1 1 1 Halt

0 0 0 Code Access

0 0 1 Read Memory

0 1 0 Write Memory

0 1 1 Passive (idle)
Table 2: The status of the 8088 processor is completely encoded by the three signals
above.

multiprocessing bus control and will
not be discussed here.

The following paragraphs describe
the functions of the 8284 pins.

X1and X2: These pinsare attached
to the crystal that generates the fun-
damental clock frequency. Note that
the crystal frequency is three times
the desired operating frequency (ie:
15 MHz for a 5 MHz 8088). It is also
recommended that a 3 pF to 10 pF
capacitor be connected in series with
X2.

CLK: This is the optimized clock
output that is directly connected to
the 8088 CLK input.

PCLK and OSC: The peripheral
clock line (PCLK) is a TTL
(transistor-transistor logic)-level,
50% duty-cycle clock output of the
8284 with a frequency of half that of
the CLK output. The OSC line is
similar but operates at the crystal fre-
quency (eg: a 15 MHz crystal gives a
15 MHz OSC signal, which drivesa 5
MHz 8088 CLK signal and a 2.5 MHz
PCLK signal).

F/C*: The frequency/crystal select
line allows generation of a clock
signal using either a crystal or an ex-
ternal frequency input (see EFI
below). Since I use a crystal, F/C* is
tied low in my system.

EFl (External Frequency In): If
F/C* is high, the 8284 will use the EFI
input line to generate the CLK and
PCLK signals. Once again, the CLK
output will be one-third the frequen-
cy present on EFI (OSC and PCLK act
the same too).

AEN1*, AEN2*,RDY1, and RDY2:
These signals are primarily used in
multiprocessor systems; however, I
do use RDY2 to condition the system
READY signal for use by the 8088.
AEN1*, AEN2* and RDY1 are not
used in my system.

READY: As mentioned previously,
this 8284 output line is a conditioned
and synchronized reflection of the in-
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‘“Look at what ONE
Microcomputer, FAMOS," &
a bunch of “dumb”’
terminals can do
TOGETHER!”

MEMORY RESIDENT REENTRANT RUN-TIME SYSTEM (24 KBytes)

DYNAMIC MEMORY ALLOCATION DEVICE INDEPENDENT FILE SYSTEM
DYNAMIC TASK ALLOCATION MULTI-TASKING MULTI-SESSIONING
DYNAMIC BANK ASSIGNMENT AUTOMATIC RECORD LOCKOUTS

NEW BASIC COMPILER Another *@!1#

OPTIMIZED CODE REENTRANT OBJECT & RUN-TIME CRASHIN
AUTO INTEGER REPRESENTATION  SCREEN HANDLING UTILITY | should h

VARIABLE PRECISION (4-18) 8080, 280 VERSIONS AVAILABLE shouid have
MULTIPLE KEY ISAM BATCH OPERATIONS UNDER BASIC used FAMOS!!!

Over 500 users. ... APPLICATIONS AVAILABLE

MVT
VMICROCOMPUTER

SYSTEMS INC.

% 9241 RESEDA BLVD., SUITE 203, NORTHRIDGE, CA 91324 -
' Phone: (213) 349-9076 TWX 910 493-2291 MVT NTGE

FAMOS,™ System Software with unique file integrity. ... for the OEM & Manutacturer.




puts at RDY1 and RDY2 and is tied
directly to the 8088 READY input.
RES*: The reset-in signal (RES*) is
an 8284 input line that is connected to
the system RESET line (through a
front-panel switch). Power-on-reset
as well as proper input conditioning
are obtained by the use of an appro-
priate resistor/capacitor timing net-
work.

RESET: This is the conditioned reset
output of the 8284 (based on the RES*
input) and is tied directly to the 8088
RESET input line.

The 8755A-2 and the 8185-2
Looking at the 8755A-2 and 8185-2
pinouts (see figures 7a and 7c), we im-
mediately notice that a lot of the
signals are common to the 8088 and

SHIFT LEFT FOUR BITS

4

have already been discussed. ADQ
thru AD7 (and other address lines),
ALE, IO/M*, RD*, WR* and RESET
are all used. This illustrates what I
said earlier about the “connect the
dots” ease of design using these
multiplexed-bus components. Simply
connect the 8088 pins ADO thru AD7
to 8755A-2 pins ADO thru AD7 and
the 8185-2 pins ADO thru AD7. Then
connect the 8088 ALE pin to the
8755A-2 ALE pin and the 8185-2 ALE
pin, etc.

The 8755A-2 is a 2-K-by-8-bit
EPROM (erasable programmable
read-only memory) much like the
familiar 2716. The ”—2" suffix means
that it can run reliably at 5 MHz,
compared to the 3 MHz rating of the
standard 8755A. Two useful

cs
SEGMENT BASE

ADDRESS

INSTRUCTION POINTER
OFFSET

Figure 5: Calculation of the reset address on the 8088. The 8088 reset address is derived

ABSOLUTE PHYSICAL ADDRESS

from the code-segment register, which is set to hexadecimal OFFFF, and the value in the

instruction pointer, which is reset to 0.

PIN CONFIGURATION

A\
cysne 1 18 [1 vee
pcLk (] 2 17 0 x1
8284
Asmq 3 16 [ x2
rRoY1(] 8 15 [J TNK
READY [] 5 14 JEFI
roy2[] e 13 ] F/C
RENZ2 (] 7 12 [J osc
cLk[] 8 11 [J RES
eno ] o 10 [] RESET

enhancements are the addition of two
independent 8-bit bidirectional
parallel 1/O ports and the use of the
multiplexed bus; these make the
system-design task much easier. The
8755A-2 is programmed in much the
same way as the 2708 and the 2716,
but differences do exist. Also, most
EPROM programmers do not have
40-pin sockets. I hope some enterpris-
ing experimenter will develop an
8755-2 “byteburner” for the S-100
bus. This might be as simple as a
"pin-scrambler” adapter (with a little
extra circuitry) for existing EPROM
programmers.

The 8185-2 is a 1-K-by-8-bit static
memory circuit that is quite easily in-
terfaced to the multiplexed bus. The
byte-wide organization, low power
and small physical size (only eighteen
pins) make this a natural for minimal
systems.

A Base on Which to Build

The front panel on my IMSAI com-
puter has many functions that are ir-
retrievably tied to the 8080A instruc-
tion set. As an example, when I enter
an address on the front panel address
switches and push the Examine
switch, the front panel “jams” an
8080 JMP (jump, hexadecimal C3) in-
struction onto the processor’s data
bus; allows the processor to execute
the jump while jamming the address I
entered on the switches onto the data

8284 BLOCK D/IAGRAM
RES 'l} D Q RESET
X1
CRYSTAL cK
X2 0SCILLATOR
TANK —— Dc osc
CLK
F/C +3
| SYNC 2
SYNC PCLK
EFI
CSYNC
RDY1 CK
AENI D QF————+READY
AEN2
RDY2

Figure 6: The 8284 clock generator. This device provides an optimum clock signal and serves to buffer and condition some of the
basic processor signals. Figure 6a shows the pin labeling for the device, while figure 6b shows a block diagram of its internal struc-

ture,
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Digital IC Probe & Logic Pulser

PRB-1 DIGITAL LOGIC PROBE
Compatible with DTL, TTL CMOS, MOSand Microprocessors using a 4 to 15V power supply. Thresholds automatically
programmed. Automatic resetting memory.No adjustment required. Visual indication of logic levels,using LED’s to
show high, low, bad level or open circuit logic and pulses. Highly sophisticated, shirt pocket portable (protective tip
cap and removable coil cord). h

Automatic thresholdresetting ® DE to > 50 MHZ
Compatible with all logic families 4-16 VDC @ 10Nsec. pulse response
Supply O.V.P.to £ 7O0VDC @ 120K {}impedance
No switches/no calibration ® Automatic pulse stretching to 50 Maéc.
Open circuit detection ® Automatic resetting memory
Range extended to 16-26 VDC with optional PA-1 adapter
PLS-1 LOGIC PULSER
The PLS-1 logic pulser will superimpose a dynamic pulse train (20 pps) or a single pulse onto the circuit node under

test. There is no need to unsolder pins gricut printed-circuit traces even when these-nodesare being clamped by digital
outputs.

PLS-1 is a multi-mode, high current pulse generator packaged in ahand-held shirt pocket portable instrument. It can
source or sink sufficient current to force saturated output transistors in digital circuits into the opposite logic state.
Signal injection is by means of a pushbutton switch near the probe tip. When the button is depressed, a single
high-going or low-going pulse of 2u sec wide is delivered to the circuit node under test. Pulse polarity is automatic:
high nodesare pulsed lowand low nodesare pulsedhigh. Holding the button down delivers a series of pulses of 20 pps
to the circuit under test.
High input impedance (off state) 1 meg ohm e Multi mode-single pulses or pulse trains
Low output impedance(active state) 2 ohms e Automatic polarity sensing
Output pulse width 2 usec nominal e Automatic current limiting; 7 amps nominal
Friput over voltage protection +50 volts ® Automatically programmed output level
Finger tip push button actuated ® Circuit powered
Power lead reversal protection @ No adjustments required
Multi-family RTL, DTL, TTL, CM0S, MOS and Microprocessors,
DIGITAL LOGIC PROBE $36.98 PA1 HIGH VOLTAGE ADAPTER

POWER CORD, Alligator Clips $4.98 PT2 REPLACEMENT PROBE TIP(R)
POWER CORD, Micro Hooks $9.88 PLS1 LOGIC PULSER

OK Machine & Tool Corporation
3455 Conner St., Bronx,N.Y. 10475 U.S.A.
Tel.(R1R) 994-6600 Telex 125091

*Minimum billings $26.00,add shipping charge $2.00
New York State residents add applicable tax
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PIN CONFIGURATION

PROG AND CE; [ 1 ~ 40 [ vee
cep 2 PR 390 rey
cLk [] 3 8755a-2 38 []Pag

RESET [] 4 37[] peg
vop [l 5 36 [J PB4
ReADY [ 6 35 [ Pe3
1o/ 7 s [l re,
orR[] s 3z re
RO [ s 32[] P8y
7a iow [] 10 31 [draz
ALE[In 30 [] PAg
ADg [12 29 [ PAg
ap; (J13 28] Pay
AD2 (14 270 Pa3
ap3 15 26 [1Paz
apg [ 16 25 [ Pay
apg [J17 24 [1 Pag
aDg []18 230 A1
ap; (19 22 ] ag
vgs [ 20 210 ag
J

apg[1] 18 Jvec

ap; [ 2] e18s 17 |RD

a0 [ 3] 16 |WR

apy[ 4]
aD4[ 5|
aps [ e
nog[ 7]
ap7[ 8]
VssE

14

EALE

cs

12 |cE;
es
g

8755A BLOCK DIAGRAM

CLK _—l

READY

1001 ()

Ag-10 D

CEyg —=*

ALE —*

RD —=|

2K X8
1o/M —= EPROM

10w —*

RESET —*

iOR —=

PORT A

PAg.7

PORT B

I)P30-7

PROG/CE —t

1—- Vee (+5v)

Yop

7c

Cs————»
CE)j—————»
CEpg ———————— ¥
RD —————»
WR——————

ALE ———————————»1

ADg-AD7 <

7d

Ag-Ag
ALE

Figure 7: Pinouts and block diagrams of the 8755A-2 EPROM (figures 7a and 7b) and
the 8185-2 user programmable memory (figures 7c and 7d). These circuits were designed
specifically to work with the 8088 multiplexed bus lines; they provide two 8-bit parallel

Vgg(OVv}
7b
R/W
LOGIC
DATA 1K X 8
BUS MEMORY
BUFFER ARRAY
x-Y DECODE
ADDRESS
LATCH

1/0 ports without any additional hardware.
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bus; and finally stops the processor
once the jump is completed.

Similarly, for Examine-Next and
Deposit-Next functions, the front
panel jams and executes a NOP (no-
operation, hexadecimal 00) instruc-
tion to move on to the next location.

The JMP and NOP instructions
for these switch functions are hard-
wired into the front-panel circuitry;
circuit traces must be cut to change
them. Since the operation codes for
the 8088 are completely different,
every attempt at front-panel opera-
tion would produce bizarre results.
Other difficulties include the
two's-complement representation of
8088 JMP addresses and the IMSAI's
use of 5-100 control signals that have
been outlawed by the IEEE standard.

Because of these difficulties, I
decided to base my 8088 project on a
different 5-100 system. Fortunately, I
was able to scrounge a vintage BYT-8
S-100 box at the local electronic flea
market for a good price. The box did
not contain any circuit boards, but
the metal panel on the front did have
cutouts for various LEDs (light-
emitting diodes) and switches, which
I used to implement a minimal front
panel (see photo 1). While | agree
with the principle of turnkey systems,
which have only power and reset
switches, a front panel is a useful tool
for debugging any new hardware
design. The front panel is a "window”
into the machine, one that is needed
in case the system does not work
perfectly the first time.

Next Month

Next month’s installment will cover
some of the more interesting aspects
of interfacing to the S-100 bus, in-
cluding the amount of TTL “glue”
necessary to emulate the control and
status signals of the S-100 standard
and the construction of the actual
processor board.®

References
Both the 8086 and 8088 microprocessors
have been discussed by Steve Ciarcia in
“*Ciarcia’s Circuit Cellar’ articles in BYTE, as

follows:
1. “The Intel 8086'', November 1979 BYTE,
page 14,

2. “Ease Into 16-Bit Computing: Get 16-Bit
Performance from an 8.Bit Computer'’,
March 1980 BYTE, page 17.

3. “Ease Into 16-Bit Computing, Part 2:

Examining a Small Multi-User System',
April 1980 BYTE, page 40.




DMP-6
$1,850*

DMP-2 $1,085

$1,685*

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

Circle 42 for literature

In just two short years, The
HIPL@T 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 HIPL@TS...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

M HIPLOT and DM/PL are Trademarks
of Houston Instrument

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 comtrols, we've provided
the DMP-4 (872" 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™ |anguage which min-
inimizes plot software to a
fraction of that normally as-

GRAPHICS DIVISION OF

BAUSCHS&LOMB )

Circle 375 to have representative call

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 your
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



M7 Communicator

A complete A/D and D/A
Control System—

Interface your computer to the analog
world of process monitoring trans-
ducers and controlling actuators.

¥ —

The M7 multiplexes analog and digital signals fromyour
process sensors—temperature, pressure, level, flow, mass,
strain, etc. —and continuously down-loads this data in digital
form to your computer for display and processing. Simulta-
neously, command signals are transmitted to the control
devices in your process.

Order a complete basic M7
System ready for round-the-

clock process control—

including a 16/32-Channel A/D Input Module (expandabie
to 256 channels), a Computer Interface Module, and a
4-Channel (expandabie) D/A Output Module. Supplied com-
plete with cabinet, power supply, and all necessary hardware
and software for basic control. Bus accommodates eight
additional modules. Specify computer make

and model when

ordering ...each $2,990

Or,

order individual
IEEE S-100
building block modules §s

Supplied complete with fundamental control software:

A/D Module, AIM-12
® 16/32 channel ® 12-bit precision/accuracy ® 30 kHz data

rates ® 1-1000 gain amplifieroptional ......... from $575
Thermocouple Compensation Module, THM-8

e 1BINpUtS .. .. .. $350
Signal Conditioners, SIG-1 e Long-line drive ......... $325

Additional Support Programs, PROG A,B,C...

@ Signal averaging ® control functions e special display ®

=] (o T from $100
D/A Module, AOM-12

® 4-channel (expandable) ® 12-bit precision/

accuracy ® Output: selectable voltage ranges and

oscilloscope .......... . from $495
Control Output-Current Module, VIC 4-20

® 4-20 mA standard industrial control output ® 12-bit pre-

cision/accuracy e 4-channel ® Use with AOM-12 ....3$395
Programmable Clock/Calendar Module, CLK-24

® Minimum 1 yearback-up ....................... $250
Parallel Output Module, REL-8

® 8-channel on-off (bang-bang) control ............. $325
Add-On Nonvolatile Memory Modules

e4Kand8Kbytes ........... ...l from $320

DUAL SYSTEMS CONTROL CORP.

1825 Eastshore Hwy. . A
Berkeley, CA 94710

(415) 549-3854

system reliability/system integrity

66

September 1980 © BYTE Publications Inc

Circle 43 on inquiry card.

Time Your Tape

John O’Flaherty, St Louis Veterans Administration Medical
Center, St Louis MO 63125

Recently I was involved in a research program that
required long-term recording (eight hours) of physio-
logical data on an analog instrumentation recorder. We
needed a quick method of searching the tape for informa-
tion occurring at certain times. Although a time marker
was recorded on one channel, it could not be played back
during fast-forward operation. Unfortunately, although
the take-up-reel turns counter indexed unique locations
on the tape, the readings obtained did not correlate sim-
ply with time. Obviously, one turn on a fully wound reel
contains at least twice as much tape as one turn on a bare
hub. '

I developed a computer solution to the problem. Given
the diameter of the take-up-reel hub, the length of the
tape, and the turns-counter reading at the end of the tape,
the program of listing 1 prints a table relating turns-
counter reading, elapsed time, remaining time, footage
used, and footage remaining;:

The method used is simple (now!): the single datum
needed is an accurate value for tape thickness as wound,
and it is found by considering the side of thetape first as a
very long, very thin rectangle, and then as a circle. The
area of the side of the tape (ie: what is seen as you face the
reel on its axis) can be approximated by a linear function
of tape thickness:

Area=Tape Thickness X Tape Length
or by a nonlinear function of tape thickness:

Radius=Tape Thickness X Turns Count + Hub Radius
Area=7 X (Radius)* — Hub Area

I
|
I
|
| 2
@—AREA = 7r
AREA =L X W—-,

AREA ——

'
|
|
|

ACTUAL
/TAPE THICKNESS
&

TAPE THICKNESS —»

Figure 1: Area occupied by the side of a given length of tape as
tape thickness is changed. The X-axis value at the nonzero in-
tersection of area calculated by two different methods must be
the actual tape thickness.



2 ot

Please send your r software catalog.

(Check which software is of particular interest)

O C COMPILER. Optimized native code for VAX 11/780, PDP-11, LSI-11, Z80,
8085, 8080. Full C language as defined in Kernighan and Ritchie, with com-
prehensive portable library. Cross compilers available. Runs under VMS,

IAS, RSX-11D, RSX-11M, RSTS/E, RT-11, UNIX, Idris, CDOS, CP/M. From $600

[ IDRIS OPERATING SYSTEM. System calls and file system identical to

UNIX V6, including pipelines. Utilities include shell, editor, assembiler,
loader, archiver, compare, copy, grep, etc, plus system utilities for file
system maintenance. Runs on LSI-11, PDP-11. From $1000.

[0 PASCAL COMPILER. Optimized native code for VAX 11/780, PDP-11,
LSI-11, Z80, 8085, 8080. Full Pascal language as defined in Jensen and
Wirth, with standard library. Includes C compiler and portable library,
permitting intermixed C and Pascal. Cross compilers available. Runs
under VMS, IAS, RSX-11D, RSX-11M, RSTS/E, RT-11, UNIX, Idris, CDOS,
CP/M. From $750.

|dris is a trademark of whit@smiths Lid. VMS. RSX-11, RT-11, RSTS/E. VAX,
UNIX is a trademark ot Bell Laboratories. PDP-11, LSI-11 are tracemarks of Digital
CP/M is a trademark ot Digital Research Co. Equipment Corporation.

Whitesmiths, Led.
Software for grownups.

(212) 799-1200

PO .B. 1132 Ansonia Station, New York, N.Y. 10023



NOW YOU'RE
TALKING!

MICRONET

YOUR
COMPUTER

WITH
BSTMS
CBBS:
COMPUTER
BULLETIN
BOARD
SYSTEM THE
ASYNCHRONOUS

ABBS :
APPLE
BULLETIN
BOARD
SYSTEM

‘“

Byrom Software Terminal Monitor System

The missing link between your CP/M
system and remote computers everywhere!

M talks to most dial-up remote computers.

B stores data from-remote computers in CP/M files.

B copies data to CP/M list device if desired.

B transmits files to the remote computer.

| it will even “talk” to another CP/M console.

B features EXPAND and COMPRESS programs
to translate binary files into character files and
vice versa.

B uses the same simple installation procedure as
BSTAM.

This system is great for recording data from remote
time-sharing systems! It makes it possible to do
local processing of data on a inicro and then
transmit it to the mainframe.

3200 percomputer.

315 formanual alone.
Prices raflect distribution on 6" single ¢|nmy ﬂnkcuu
11 8 lormat 13 requesiad which requices additional dishaties.

a surcharge of 5B. Dev addilional diskeils wll be sdded

Apple is a trademark of Apple Computer.
MicroNET is a trademark of CompuServ.
CPIM is a trademark of Digital Research.

Lifeboat Associates
1651 Third Avenue, New York, N.Y. 10028
(212)860-0300 Telex: 220501
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Lines 30 thru 80 of listing 1 find the intersection of these
two functions by iteration for a fully wound reel of tape.
(See figure 1.) Then lines 95 thru 230 generate a table by
finding area through radius, and length and time from
area for turns-counter increments of ten.

It has not been possible to test the routine on the in-
strumentation recorder yet, but I have applied the
method to my own cassette recorder with very good
results. For a C-60 cassette, which actually runs 32
minutes, 23 seconds per side, the tape length was pre-
calculated to be (1943 s X 1% ips/12) = 303.6 feet. By
carefully disassembling the cassette, the hub diameter
was found to be 0.8525 inches (five cassettes from dif-
ferent manufacturers were found to be identical in this
respect). The ratio of indicated to actual turns of the take-
up reel was found by turning the reel one hundred turns
by hand (an index mark helps), and noting the turns-
counter reading.

Then the program was run and table 1 (see page 74)
was printed, and its accuracy was tested by actually
running the tape and noting the times for turns-counter
increments of ten.

The test results are printed as the last two columns in
the table. As can be seen, the worst case error is 5
seconds, or 0.3% of the total time, which is surprisingly
good, in view of tape counters’ reputed inaccuracy, and
the fact that no empirical trimming was done—the
algorithms simply try to represent the physical realities of
the situation.

One might also use the formulas above to program a
portable calculator to find time for turns count or vice
versa, without consulting a table.

Listing 1: An Applesoft BASIC program for correlating turns-
counter readings with time. All documentation statement line
numbers end in 5, and they may be ignored when keying in the
program.

S REM ZET CONMEZTHNTE & MENTION WYH
FIRELEE= FOR EFFIFIENP”

10 FPI = J.14193Cﬁ G T = 2l = 12
TV = 12:00 = . 000001:=:HE = 10:
TT = 02 ITC = U HH = Z&00:MM =
E0:HF = 0.5:T7C = 1

20 HOME : 3070 1000

25 FEN FINDOD ACTURL TRPE THICKMNE

=20 FEIHT "CHLCULHRTIME THPE THICE
HEZZ HZ LOUHD..."

25 REM AREAR EBY FICR*Ed MUET ERUA
L

40 Hl = FI & CMTC o TT + HE» ~ 7T
b= HZ ™ This

45 REM RAEER EY Lell

S0 HE = ML & TT o TV
g0 R = AL« AHEITT = TT ~ CR
£S5 REM =0 TRY MEW TT TILL IT IO

¥ IF  HEZ W - CEX > 00 THEN 40
20 FRINT @ EETUREM

2% REM  REMERRTE THELE

100 FOR ITC = 0 7O MIT ZTEF 10

Listing 1 continued on page 70
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A Few Extraordinary Products for Your 6800/6809 Computer
§$-50 Bus LFD-400™ and

Percom mini-disk systems start as
low as $599.95, ready to plug in and
run. You can't get better quality or a
broader selection of disk software
from any other microcomputer disk
system manufacturer —atany price!

Features: 1-, 2- and 3-drive systems
in 40- and 77-track versions store
102K- to 591K-bytes of random ac-
cess data on-line - controllers in-
clude explicit clock/data separation
circuit, motor inactivity time-out cir-

00"* Systems

LR TR

cuit, buffered control lines and other
mature design concepts « ROM
DOS included with SS-50 bus ver-
sion — optional DOSs for EXOR-
ciser* bus « extra PROM sockets
on-board « EXORciser* bus version
has 1K-byte RAM « supported by ex-
tended disk operating systems; as-
semblers and other program de-
velopment/debugging aids; BASIC,
FORTRAN, Pascal and SPL/M lan-
guages; and, business application
programs.

sy €

!ﬁ_l

From Percom . .
Low Cost

Mini-Disk Storage
in the Size You Want

T

idmt
i1 1193,

EXORciser* Bus LFD-400EX™ -800EX™ Systems

Printed wiring is easily soldered tin-lead
plating. Substrates are glass-epoxy. Pro-
totyping cards provide for power regula-
tors and distributed capacitor bypassing,
accommodate 14-, 16-, 24- and 40-pin
DIP sockets. Prototyping boards include
bus connectors, other connectors and
sockets are optional.

MOTHERBOARD — accommaodates five
S§S8-50 bus cards, and may itself be

Versatile Mother Board, Full-Feature Prototyping Boards

plugged into an SS-50 bus. Features
wide-trace conductors. Price: $21.95
S$S-50 BUS CARD — accommodates 34-
and 50-pin ribbon connectors on top
edge, 10-pin Molex connector on side
edge. Price: $24.95.

§S8-30 BUS CARD — 1'%-inch higher
than SWTP I/O card, accommodates 34-
pin ribbon connector and 12-pin Molex
connector on top edge. Price: $14.95.

The Electric Window™: Instant, Real-Time Video Display Control

The SBC/9™. A “10” By Any Measure.

The Percom SBC/9™ is an SS-50 bus compatible, stand-

Other features:

alone Single-Board Computer. Configured for the 6809
microprocessor, the SBC/9™ also accommodates a 6802
without any modification. You can have state-of-the-art
capability of the '09. Or put to work the enormous selection of
6800-coded programs that run on the '02.

The SBC/9™ includes PSYMON™ an easily extended 1-
Kbyte ROM OS. Other features include:

« Total compatibility with the SS-50 bus. Requires no changestothe

motherboard, memory or /0.

« Serial port includes bit-rate generator. RS-232-C compatible with

optional subminiature ‘D' connector installed. 10-pin Molex connec-

tor provided.

« Eight-bit, non-latched, bidirectional paralle! port is multi-address

extension of system bus. Spans a 30-address field; accommodates

an exceptional variety of peripheral devices. Connector is optional.
* Includes 1-Kbyte of static RAM.

» Costs only $199.95 with PSYMON™ and comprehensnve users

manual that includes source listing of PSYMON™

™ trademark of Percom Data Company, Inc.
* trademark of the Motorola Corparation.

Prices and specifications subject to change without notice.

* Generates 128 charac-
ters including all ASCII dis-
playable characters plus
selected Greek letters and
other special symbols.

« Well-formed, easy-to-
read 7x12-dot characters.
True baseline descenders.
« Character-store (display)
memory included on card.
* Provision for optional
character generator
EPROM for user defined
symbols.

« Comprehensive users
manual includes source
listing of Driver software.
Driver — called WINDEX™
— is also available on mini-
diskette through the Per-
com Users Group.

Memory residency and outstanding software control of display format and
characters make this SS-50 bus VOC card an exceptional value atonly $249.95.

(214)272-3a21

PERCOM

PERCOM DATA COMPANY. INC.
211 N. KIRBY GARLAND. TEXAS 75042

Products are available at Percom dealers nationwide. Call toll-free,
1-800-527-1592, for the address of your nearest dealer, or to

order direct.




Listing 1 continued:

110 70 = ITC & IR

120 R TZ & TT + HE

120 A FI & <R = Thl — HZ & This
140 L H -~ TT

S0 T L ~ ZFD

FEM FRETTYFRINTING
H: GOZUE 220: FPRINT "
M: 30=UE FRIMT ":
B o pO=EUER
FETLUFRM
IF @ < 10 THEN FRINT "0"3
led Te MaT = T1 FRIMNT iz RETURM
1y F1 INT <L » TV +.HF2 ¥95 REM  IMPUT HECEZIARY IHFORMA
1280 F& IMT ML - F1 + HF> TI10OH
130 PRINT ITCS THEC S5:TH Ti: 1000 IMPUT "HUE DIAMETER CIMCH» 7
HOZUE =00 "IHZIHS = HZ ~ 2
g0 PRINT  THEC 1205:TM = T2: GOZUE {010 IMPUT “"THFE LEMSTH LEZE LEH
LI LER CFEET:» ¥ "SHL

)
)
)

210 PFRIMT THEC &93F1 THEC 25xFE 1020 IMPUT "TURMS COUMT AT EMD O
F THFEY "sMIT

220 IF ZL = W THEN Z&n 1020 PRIMT "TURNS ZOUNMT REARDIMG

220 MEXRT FOR"

225 FEM SENsS3 0250 TO ZLOZE TH 10=25 FEM MTC WILL EBE HCTUHL

ELE MEHRTLY TURM=E COUMT

IF IWMT ¢MIT «»« 1o0x» = MIT ~ 1 {040 IHPUT "100 HCTUARL THEE-UR T
0 THEM &saD HRHET "sIR:IR = 100 ~ IRSMTLC
CLOZE = 1:IT7TZ = MIT: 5070 110 = MIT . 1F

e
$a

(]
in

1050 PRIMT "1...15-1% IFz"
gl END 10 PRIWMT "2...1-7F~2 IFE"
95 REM  COMYERT ZEC TO HREsMINsE 1070 PRINT "3...3-2.4 1Fz"

EC AHDY FREINT 1320 PRIMT "4...7-1-2 IPE"
00 TH = IMT <TM + HF> 1020 PRIMT "S...15 1P
10 H = IHT <THM « HH»:TM = TH - 1100 FPRIWT "A. = IFP="

H o+ HH> 1110 IMPUT “WHICH TAPE SPEEDT "3
3200M = INT CTM # MMezZ = TM = ZPTI

M« MM 1115 FEM KLUSE TO FIND SFEED
FROM THELE ENTRY

1120 SPD = .9375 & & ~ ¢IPD - 1
the electric pencnl II" | 1125 TRem FInn mAw. TIME
1130 MAT = ML & 123 ~ IPT
(? for the TRS80 Model II* Computer | 1135 ggEM =ET =TART WAL FOR  TT

HHDL FIMD HZTUARL “HLUE
1140 77 = .001: 0O0ZUER 20
1145 EEM  FRINT COLUMH HERDE
1150 PRIWMT "TURMEZ" THE: 23 "ELHPE
ED" THEC 122 "REMAIMING” THEY
SF)"FEET” THEC 353 FEET
110 PRIWT "COUMT" THEC S>"TIME™
THE ¢, 1=W“TIME" THE . &9 "UZE
" THE: 250 "LEFT™
1170 PRINT
1179 REM GSEHERHTE THELE
11=0 HO0ZUE 100
20NSs FEEM TT=THFE THICKEMEZE
201s  REEM HE=HUE EZIZE
202s  REM ML=TOTHL THFE LEMIGTH
2n3s  FEM MIT=MH® IHDIC. TURHE

The Electric Pencil is o Chorocter Oriented Word Processing
Systern. This meons that fext is ontered as o confinuous siring
of characters and is monipuloted os such. This allows the user
enceinous freedom ond eose in the movement ond hondling of
text. Since lines ore not delineoted, ony number ol chore
Octers, wards, lines o porographs may be Wserted or deleted
onywhere in the text. The entirety of the teat shifts owd
opens up or closes & needed in full view of the wer. Core
tioge returns as well os word hyphenotion ore nat required
since coch line of text is fornatied ouwtomaticolly.

Mw-mﬂmlhmolommlmu reoched, o
portially completed ward is shifted to the beginning oi the
lellcwm) line. Whenever v--l is inserted or deleted, existing

is pushed down ar pulled wp nnwwofomaloshm
E nymmwov on the videa display screen as it ocowrs
thereby eliminoting ony guessworie Text moy be reviewed of
will by varioble speed or poge-cl.gstime scroling bath in the
forword and reverse ditections. By wing the seorch or the
seorch ond replace function, ony str nqol chorocters moy be
locoted andfor reploced with any ather string of charocters as
desired. Specific sets of chorocters within encoded strings
moy alio be located.

When text is printed, The Electric Pencil outamaticolly
inser?s corrioge returns where they ore nesded. Numerows
Mm of Line Lengih, Page Length, Chorocter Spocing,
Line Spocing and Poge Spocing ollow for ony form ta be
hondied.  Right ,usucovm Qives right-hond morging  thot
are even. Poges moy be numbered os wel os titied.

the electric pencil
Praven Woed Processmg System

The TRSOOS versions of The Electric Pencil Il ore our best

X R LISt T T g 2n4S  REM MTC=MAX ACTUAL TURNS
] 1 ey Tended - = L - -
Suricr convol lor peoter cuer uciotty, BASIC. fhes may TRSDOS or Co/M Compariie « swpportt Fow O | 2155 REM ITC=IHD. CURRENT T.LC.
alio be writlen ond simply edited without odditional softwore. Drives * Dynomic Print Farmotting * Diobio, NEC I I _ _
Oume Print wocuows Molti-Colmn Printing * Print SNES FEM TC=RHCT CURFEHT T.I
ot mie o2 pe b e Sty b S L Semnai e, | 205 S AL
\':m the '.5"',.""" ‘T.'f.""c{;"fwifa'?‘ ‘ﬂ'.""o'.“!..cfa'i‘..f..':i Print Value Scoreboard * Autamatic Ward & Record = |_|T.-‘F_I FIEM I F-_—_H L:T . I ” Il . F.HT I D

00, WERT 1 required if only quick and eosy word Number Tally * Glabot Search & Aeploce * Full Morgin
2-]:«;"30;? -qw:i.mk ::vhmrd buffer permits fast typing Control  End of ch' Control * Non Printing Iu:
without character loss. Commenl ng * Line & Parograph Indenfation

o 2085 REM RsAsL.RADsAREA LENGTH
R S - G SRR | anas REM MRT=TOTAL TIME
o - @ 3005 FEM THMs@..TEMF WAR FOR TIME

The Electric Pench § is still ovoloble far TRS-30 Model 1
vsars.  Althouoh ral @ sophisticoted as Electric Pencil I, i [ COMy

s shill on_eatremely easy 10 use ond powerful word PrOCRSING - o 4 & egpasered age mem of Racdes hach, & dumsecn of Tandy Corp

ﬁ{“‘:‘ El'.‘;..‘g»‘ﬁi“‘ﬁ 5?’.’.?;.:.‘-’ - T:”ﬁﬁ: :? — :E: I;l } 5 FEM T1i. TE .TIME LI EEII s LEFT
Sranateed e Gk ot s toby otergcion i me FEAD, m 1498 Los Robles Or. SNES EEM FlsFZ2.FEET UEZEDSLEFT
wnne DIR, ond KILL routines of TRSDOS. ss Paw‘s,nm;:::nz .3.3-39 E” Il

TRC  Cassatte . . ... $ 100,00

TAD  Osk oo vunnnn $ 150.00
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There are fwo
sides to 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™ 242 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, CA84804. 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.



Today one dollar buys
about 7 of a gallon of gas.




Today one dollar buys
6/:.readers who actually see
your sales message.

As your selling dollar buys

less and less, it pays more and
more to advertise in
McGraw-Hill magazines.

As prices keep going up and up,
McGraw-Hill magazines help 10.8 million
decision-makers keep costs down.

For example, F'leet Owner readers
learmed how they could use re-manufac-
tured air cleaners to save money without
sacrificing quality. And Chemical Week
constantly wams manufacturers about
evenmore government regulations.

By helping 10.8 million readers solve
their inflation problems, we help you
solve yours.

Today, the price of reaching one
potential customer in McGraw-Hill
magazines is only 16¢.* This compares to
a cost of $6.07 for sending a business let-
ter? over $3.50 for a business phone call?
and an in-person sales call which, believe
it or not, now costs over $1002

In times like these, when everything
costs more, you may be tempted to
spend less on your advertising budget.
But our Laboratory of Advertising Per-
formance (LAP) Report #5262, demon-
strates that “Industrial companies which
maintained or increased their advertising
expenditure during the 1974-75 recession
enjoyed higher sales growth than those
which cut advertising.” Write for LAP
Report #5262 today at 1221 Ave. of the
Americas, N.Y,, N.Y. 10020. And let us
help you make your advertising more effi-
cient, as the price of all other selling tools
becomes more expensive.

‘One reader-nuted impression in the average McGraw-Hill publication.
2The Dartnell Institute of Busi Research. ¥ Telephone Marketing”

by Murray Roman, P 87, McGraw-Hill 1976, 4Laboralory of Adverlising
Performance Report #8013.4, McGraw-Hill Research.

McGraw-Hill Magazines.
_JUT
ol
Hll |
With inflation,
we're an even better buy.




]

JRUN

HUB DIAMETER(INCH)? .8525

TAPE LENGTH LESS LEADER(FEET)? 303.6
TURNS COUNT AT END OF TAPE? 641
TURNS COUNT READING FOR

100 ACTUAL TAKE-UP TURNS? 77.3

1...18/16 IPS
2...1.7/8 IPS
3...3-3/4 IPS
4...7-1/2 IPS
5...15 IPS
6...30 IPS

WHICH TAPE SPEED? 2
CALCULATING TAPE THICKNESS AS WOUND . . .

ﬁ

Table 1: A tape counter/time table (produced by the pro-
gram in listing 1) for a cassette recorder using C-60 tape.
The last two columns were not printed by the program, but
are a check value from an actual test of the program’s ac-
curacy.

TURNS ELAPSED REMAINING
COUNT TIME TIME

0 00:00:00 00:32:23
10 00:00:19 00:32:04
20 00:00:38 00:31:45
30 00:00:57 00:31:26
40 00:01:17 00:31:06
50 00:01:37 00:30:46
60 00:01:58 00:30:26
70 00:02:18 00:30:05
80 00:02:40 00:29:43
90 00:03:01 00:29:22
100 00:03:23 00:29:00
110 00:03:46 00:28:37
120 00:04:08 00:28:15
130 00:04:31 00:27:52
140 00:04:55 00:27:28
150 00:05:19 00:27:04
160 00:05:43 00:26:40
170 00:06:07 00:26:16
180 00:06:32 00:25:51
190 00:06:58 00:25:25
200 00:07:23 00:25:00
210 00:07:49 00:24:34
220 00:08:16 00:24:07
230 00:08:43 00:23:40
240 00:09:10 00:23:13
250 00:.09:37 00:22:46
260 00:10:05 00:22:18
270 00:10:34 00:21:50
280 00:11:02 00:21:21
290 00:11:31 00:20:52
300 00:12:01 00:20:23
310 00:12:30 00:19:53
320 00:13:00 00:19:23
330 00:13:31 00:18:52
340 00:14:02 00:18:21
350 00:14:33 00:17:50
360 00:15:04 00:17:19
370 00:15:36 00:16:47
380 00:16:09 00:16:14
390 00:16:41 00:15:42
400 00:17:15 00:15:09
410 00:17:48 00:14:35
420 00:18:22 00:14:01
430 00:18:56 00:13:27
440 00:19:30 00:12:53
450 00:20:05 00:12:18
460 00:20:41 00:11:42
470 00:21:16 00:11:07
480 00:21:52 00:10:31
490 00:22:29 00:09:54
500 00:23:05 00:09:18
510 00:23:43 00:08:40
520 00:24:20 00:08:03
530 00:24:58 00:07:25
540 00:25:36 00:06:47
550 00:26:15 00:06:08
560 00:26:54 00:05:29
570 00:27:33 00:04:50
580 00:28:13 00:04:10
590 00:28:53 00:03:30
600 00:29:33 00:02:50
610 00:30:14 00:02:.09
620 00:30:55 00:01:28
630 00:31:37 00:00:46
640 00:32:19 00:00:04
641 00:32:23 00:00:00

FEET FEET TIME BY ERROR
USED  LEFT TEST (SEC)
0 304 0:00 0
3 301 0:19 0
6 298 0:39 -1
9 295 0:58 -2
12 292 1:18 -1
15 289 1:38 -1
18 286 1:59 -1
22 282 2:20 -2
25 279 2:42 -2
28 276 3:04 -3
32 272 3:26 -3
35 269 3:48 -2
39 265 4:11 =13
42 262 4:34 =13
46 258 4:58 -3
50 254 5:22 -3
54 250 5:46 -3
57 247 6:11 —4
61 243 6:36 -4
65 239 7:01 -3
69 235 7:27 —4
73 231 7:53 -4
77 227 8:20 -4
82 222 8:47 -4
86 218 9:14 -4
90 214 9:41 -4
95 209 10:09 —4
99 205 10:37 -4
103 201 11:06 —4
108 196 11:35 -4
113 191 12:04 -3
117 187 12:34 —4
122 182 13:05 -5
127 177 13:34 -3
132 172 14:056 -3
136 168 14:37 -4
141 163 15:08 —4
146 158 15:40 —4
151 153 16:12 -3
156 148 16:45 —4
162 142 17:18 =13
167 137 17:51 -3
172 132 18:25 -3
177 127 18:59 -3
183 121 19:33 -3
188 116 20.08 -3
194 110 20:44 -3
199 105 21:19 -3
205 99 21:54 -2
21 93 22:31 -2
216 88 23.07 -2
222 82 23:44 -1
228 76 24:21 —1
234 70 24:59 —1
240 64 25:37 -1
246 58 26:16 -1
252 52 26:54 0
258 46 27:33 0
265 39 28:13 0
271 33 28:53 0
277 27 29:33 0
283 21 30:13 +1
290 14 30:54 +1
296 8 31:35 +2
303 1 32:17 +2
304 0 32:28 0Om
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anew
star
IS born:

a better computer system
any way you look at it.

The facts speak for themselves. The QUAY 500 SERIES
offers more for the money than North Star Horizon

COMPARE FOR YOURSELF:

computers. SPECIFICATION QUAY 500  [HORIZON-2-32K-D
MORE TECHNICAL FEATURES. A single board computer in- : .
stead of a backplane with multiple boards, means fewer parts, e Single Board| 5100 bus
fewer interconnections and fewer problems O additional disk CPU Z80A, 4MHz. Same
capacity for more program storage O DMA controlled disk ;
transfers for increased system performance O on-board expan- Dynamic RAM (std/max) 32/64 Kb. Same
sion capabilities for additional parallel and serial ports, and . : ;
EPROM 0O AC convenience outlets O a more compact design. Bisk arive tyee Dosbedemsily Senge
IMMEDIATE DELIVERY. The 500 SERIES is available off the No. of drives (std/max) 2/4 Same
ﬁCgrlfyfggt\grstLfJngI);r:Qrgﬁgllate delivery. No waiting for far off de Capasiiyperdiiellonsine) 200 Kb. 180 Kb.
LOWER PRICE. The advanced technology engineered into Direct Memory Access (DMA) Yes No
Quay computers actually lowers our cost to manufacture. :
The price of the 500 SERIES is about 20% lower than the CP/M® disk operatingsystem| Standard Optional
Horizon-2-32K-0 — and o
our 520 SERIES also offers Unit Price $2,500. $3,005.
significant savings over the
- Horizon-2-32K-Q.
o The bqttom - simple. SPECIFICATIONS QUAY 520 HORIZON-2-32K-Q
: There is a new star in the Disk drive type Quad density Same
12111 1 computer field. The 500 - - -
S SERIES by Quay. It out- Capacity per drive (on-line) 400 Kb. 360 Kb.
Advanced singie board moduiar design. shines all of the competi- . .
flon: Unit Price $3,200. $3,595.

The QUAY 500 offers technical superiority—availahility —a $2,500 price!

CP/M" is aregistered trademark o f Digital Research

QUA P.O. Box 386, Freehold, New Jersey 07728 = (201) 681-8700

Factory: Route 34, Wall Township, New Jersey 07719
DISTRIBUTOR AND REPRESENTATIVE INQUIRIES WELCOME
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Circle 48 on inquiry card.
SAVE MORE THAN 20%

NORTH STAR — INTERTUBE — MICROTEK
ZENITH — RCA-COSMAC — ITHACA
THINKER TOYS — GODBOUT — SUPERBRAIN

The smartest computers at the smartest price

"

=
FACTORY ASSEMBLED & TESTED LIST ONLY
HORIZON-1-32K-00UBLE OEN $2695 41994
HORIZON-2-32K-DOUBLE DEN 3088 2299
HORIZON-2-32K-QUAD DENSITY 3595 2899
HORIZON-2-84K-QUAD+HARD DISK 9329 7148

HORIZON MEMORY ASSM
HORIZON MEMORY KIT

16K 389 32K 579
16K 359 32K 53§

NORTH STAR HARD DISK 1B Mb 4998 3939
PASCAL FOR NORTH STAR ON DISK 199 190
Pawarful NORTH STARBASIC.ThaBest. .......ocvveunneees FREE
2 NORTH STAR SOFTWARE DISKS wiHORIZON. .............. FREE
NSSE 1-22 & P01 TERRIFIC PROGRAMS ONLY 10
NORTHWORD 299  MAILMAN 239 INFOMAN 368
RCA-COSMAC VP-111 89 RCA-COSMAC VP-711 189
COLORI RAINBOW 385  CAT-100 1388  SPECTRUM 2BS
ITHACA FRONT PANEL COMPUTER B4K 31495 2895
2.8001 CPU CARD 1B-kit ITHACA S-100 BMb 174
ITHACA MEMORY B/1E-bit B4K 995 845
SEATTLE 80BE CPU 18 bit W0 x fester 556
SEATTLEMEMORY 8/16 BIT 16K 4Mhz 358
SSMKITS 2-80 CPU 221 VIDEOBRD VB3 4Mhz 412
MEASUREMENT MEMORY B4K A & T 4mHz 598
MEASUREMENT MEMORY B4K BANK SELECT 788
ECONORAM XIVUNKIT 18K 298 254
CENTRAL DATA B4K RAM [LL] 598
DISCUS/20 A & T + CPIM 1189 975
THINKER TOYS HARD DISK 26 Mb 4995 394§
DISCUS/2+2 1.2 Mbytes A & T 1549 1285
TARBELL DISK CONTROLLER 0D 495 445
TARBELL CASETTE INTERFACE KIT 120 109
SUPERBRAIN 2985 2395
SUPERBRAIN QUAD DENSITY KELE] 2995
2ENITHHEATH 2.89 48K 2895 24495
INTERTUBE || SMART TERMINAL 98§ 125
2ENITH-HEATH SMART TERMINAL 98§ 14
2ENITH-HEATH WH-11 1Bbit COMPUTER 2995
CAT NOVATION MOOEM 174 169
MICROTEK PRINTER 798 675
ANADEX PRINTER DP-8000 98§ 885
ANADEX PRINTER DP-8500-1 1850 1388
NEC PRINTER Fust Typawriter Quality 2915 2798
SECRETARY WORD PROCESSOR  Tha Bastl 1] b
TEXTWRITER Lil Book Writing Progrsm 12§ 12
GOFAST NORTH STAR BASIC Spsadar Uppar 7 n
PDS SUPER 2-B0 ASSEMBLER & Moars LE] 88
SUPERBASIC DEBUGGER  $B9 COMPILER135  HOS 40

E2-80 MACHINE LANGUAGE TUTOR 25 STATISTICS 190

E2-CUDER Transiates English ta BASIC " n
ECOSOFT FULL ACCOUNTING PKG 350 315
BOX OF DISKETTES 29  INPLASTIC CASE o
Which Computers sre BEST? BROCHURE, .. ......0vvnuune.s FREE
Noith Star Documentetion refundsbla wiHRZ 20

ORDER 2 of mare COMPUTERS. . . .BIGGER DISCOUNTS
YES WE WILL BEAT OUR COMPETITION'S PRICE!
FACTORY ASSEMBLED & FACTORY WARRANTY

AMERICAN
SQUARE COMPUTERS

KIVETT DR « JAMESTOWN NC 27282
(919)-889-4577

76  September 1980 © BYTE Publications Inc

Dissecting the
TI Speak & Spell

Michael A Rigsby
5164 Sunburst Dr
Norcross GA 30092

There is now an economical way to
provide limited voice output for
computer-controlled devices. TI
(Texas Instruments) provides most of
the hardware in its familiar toy called
the “Speak & Spell.”

Because I am fascinated by toys
(my system is a hand-wired 1802 pro-
cessor used in a self-contained, maze-
solving mouse), it was only natural
that I should procure my own birth-
day present—a toy—and immediate-
ly tear it apart.

Speak & Spell is an educational aid
designed for children aged seven or
older. It contains a vocabulary of
greater than 230 words in addition to
the letters of the alphabet. Asking
questions and playing games with
electronic speech, it expects answers
to be entered on its 40-switch key-
board. Each entry evokes an audible
response, and the machine even keeps
score. Plug-in modules are available
to expand the vocabulary. Suggested
retail price for the toy is $65, though I
bought mine for less than $40 at a
major Atlanta department store.

Operation of the electronic portion
of the Speak & Spell involves many
unknowns. | am sure that the manu-
facturer would probably prefer to
keep these unknowns secret, but I can
provide some insight into the opera-
tion of the Speak & Spell.

The first great obstacle
encountered when opening the
machine is the back cover. Removing
the two Phillips-head screws is a good
step, but not good enough. There are
still four slots, each containing a
plastic hook over a plastic ledge.
Take a thin-bladed screwdriver and
push the hook toward the outside
edge of the case, at the same time pull
the front and back of the case apart

with substantial force. Continue until
all four hook slots are free. Take care
not to allow any backsliding. I have
done this three times, each time
expecting to destroy it, but
everything is still intact.

After reaching the inside, there is
not much to see except the back of a
double-sided printed-circuit board.
To turn the board over, the matrix
switch cards (figure 1) must be re-
leased from the front of the case. This
involves springing delicate plastic
hooks. If one of these hooks should
break, the toy is lost. Somehow I
slipped the cards out and turned the
main board over. (See photo 1 and
figure 2 on page 82.) On the opposite
side of the main board are a circuit
board (with a little black round thing
on it) on top of the main circuit
board, an 8-character alphanumeric
display, and four integrated circuits,
each with a distinctive proprietary
number. The small circuit board
appears to be a power supply.

The toy operates from a 6 V sup-
ply (four C cells), but +6 V, —6 V,
and —20 V may be found
throughout the board. The processor
has five input lines from the switches;
five lines seem to interconnect most
of the circuits. The five input lines
from the switches are activated upon
contact closure by —20 V pulses
generated within the processor.

At this point I will refer to figure 1.
Eight bits from any processor may be
used to control each of thirty-two
lines by means of the 74154 binary-
to-hexadecimal decoder. Each output
line must go to a PNP transistor
capable of switchinga —20 V signal.
The drawing in figure 1 indicates
which wires go with which letters,

Text continued on page 84
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MCIOWOILD

" SPECIALS

TOLL-FREE 1-800-528-1418
ATARI 800 SYSTEM

Microworld now offers complete systems based
around the Atari 800 Personal Computer . .. all peri-
pherals available! The Atari 850 Interface Module, with
four RS232 serial ports, an 8-bit parallel port, and an
1/O port for connection to the Atari 800 allows for
extensive upgrading of the basic system. Choose
between two printers: the Atari 820 40-column printer,
or the 825 80-column printer, both packed with stond-
ard features. Atari’s new 810 floppy disk drives provide
up fo 92K of storage each ... up fo four of these drives
may be accommodated within a system! The Atari 410
program recorder with both digital and audio fracks
is used by the Atari Talk and Teach educational
cassettes, and by the Invitation to Programming Ser-
ies. A Bell 103/113 compatible modem is also avail-
able for use with the Atari 800 or 400, allowing com-
munications with other types of computers, including
time share services. The complete line of Atari pro-
ducts, plus Atari’s vast library of applications software.
.. dll from MicroWorld!

Call for Special Pricel

LIVERMORE STAR

OKIDATA MICROLINE 80

Compact, low-cost 80 cps printer;
9x7 matrix, friction or pin feed! 132
col.w/compressed print, graphics,
and more! Tractor feed optional.

CALL FOR PRICH!

CENTRONICS 737

Low-cost 50-90 cps RO printer. Pro-
portional spacing, generales full
ASCI, prints sub- and superscripts,
underline!

CALL FOR PRICE!

Tl 99/4 HOME COMPUTER

Packed with features! Superior
sound, 16-color graphics, power-
ful TI BASIC, optional speech! Up to
7X totd memory capacity.

CALL FOR PRICE!

Exclusive triple seal allows for
superior acoustic isolationt 0 to
300 baud, locks into standard
headset. Full duplex/test/half
duplex modes.

CALL FOR PRICE!

=

LEAR SIEGLER ADM-3A

The original "Dumb Terminal” . . .
12" non-glare screen, 24x80 dis-
play.Feature directcursor address-
ing, RS232 exiension pont, baud
rates to 19,200!

CALL FOR PRICE!

T1 810 FULLY LOADED!

RO printer; low price includes full
ASCII, vertical forms control, com-
pressed print, 150 cps, RS232, frac-
fors, 3” 0 15" form width, bidirec-
tional printing!

CALL FOR PRICE!

ZENITH-HEATH Z-89
ALL-IN-ONE COMPUTER

Built-in minifloppy drives, smart
terminal with 25x80 display. Low
price includes HDOS and 48K
memory!

CALL FOR PRICE!

TELEVIDEO 920C

Low-costterminalloadedwith fea-
tures; full-function keyboard, 24x80
display, blink, reverse, self-test!

CALL FOR PRICE!




” b
S O I O R O Y L
oA A
- ;//' // ;,/' :// ;/' @;/z' :j/ “///' ;!/ L!z'
- ;,f ;//‘ ;4 ;,/ ;// - ;//' /’//'s“j/' 1 1

1 3 5 7 g

L—RIGHT KEYBOARD ATTACHMENT

L———LEFT KEYBOARD ATTACHMENT

Figure 1a and 1b: During normal operation, the Speak & Spell will voice a phoneme (letter sound) after a key is pressed on one of the
keyboards. The Speak & Spell can be controlled by a microprocessor interfaced to the keyboard lines as shown in figure Ic.

Building Blocks for
Microcomputer Systems,
Dedicated Controllers
and Test Equipment.

Sih Anmversary Sale

SAVE 10% ON ALL ECT PRODUCTS INCLUDING THESE POPULAR ITEMS

Offer expires September 30, 1980

RM-10

S-100

RACK MOUNT
CARD CAGE

Specializing in Quality Microcomputer Hardware
Industrial ¢ Educational s Small Business e Personal

EETW Card Cages, Power Supplies, Mainframes, CPU'’s, Memory, 1/0, OEM Variations
ELECTRONIC CONTROL TECHNOLOGY (201) 686-8080

763 Ramsey Ave., Hillside, NJ 07205
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Introducing
quality print at matrix speed.
r only $1295.

Until now, word processing output
was a slow, expensive proposition. You
could pay thousands for a slow, letter-
quality character printer. Or give up
print qualtty for matrix speed and price.

But that was before Paper Tiger™ 460
offered you a better choice.

The new Paper Tiger 460 is the first
matrix printer with high-density dot
matrix characters plus high speed. At a
low price.

The secret? A unique nine-wire, stag-
gered matrix head provides overlap-
ping dots in both horizontal and
vertical planes. The result is
dense, high-quality characters
you'll be proud to show off.

What's more, Paper Tiger 460
gives you a combination of fea-
tures simply not available on any
other printer, at any price. Lke
bi-directional, logic-seeking print-
ing at speeds in excess of 150
characters per second. Micro-
processor electronics, with built-in diag-
nostics and self-test. Proportional spacing.
Automatic text justification. DotPlot™ high

type print head. And itssimple, chassis
mounted cartridge ribbon lasts up to
four times longer than cassette or spool
ricbons.

Paper Tiger 460 isthe one printer

that gives your Apple,T TRS-80, or
other small business computer both
data processing and word process-
Ing output. At a price you can afford.
Get your paws on Paper

Tiger 460, and join the tens of
thousands of satisfied Integral

Data Systems users, For the

name of the Paper Tiger dealer
nearest you, call us toll-free:
800-343-6412 (in Massachu-

setts, Alaska, and Hawaii: (617)
9237-7610). Or, write for com-

plete specifications. Integral

Data Systems, 14 Tech Circle,

Natick, Massachusetts 01760.

Integral Data Systems stands req
performance printers ideally su
printer, the IDS 480, offers feat

Automatic proportional spacing
processing systems, plus the cap
resolution of 84 by 84 dots per

Paper Tiger 460 Print Sample

resolution graphics option. RS232 and paral-
lel interfaces. And more.

But its most important feature is high relia-
bility. Paper Tiger 460 is designed to be
tough and dependable. It has rugged,
stepper-motor head and paper drives.

A new 300-million-character ballistic-

= L
Tiger
@ Integral Data Systems, Inc.

*Suggested single-unit U.S. retail price
tApple is a trademark of Apple Computer Inc.
$TRS-80 is a trademark of Radio Shack, a division of Tandy Cor.
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Figure 1c: Using standard 74154 four-to-sixteen line decoders, the
Speak & Spell can be tricked into thinking that a button has been
pressed on the keyboard. The PNP transistors shown take the place
of the key contacts, to short the controlling lines. Thus, the letter A
can be spoken by pressing the A button, or by sending a binary 1001
on the four high-order lines to the decoder circuits; both actions
short the L1 and L4 lines.
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Now! North Star
Application 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
toincrease 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,
carrections and deletions are easily
made. The North Star MailManager
can printyour list onindividual 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.

GeneralLedger—

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
black 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.

NorrhSI'O%

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

(415) 527-6950

TWX/Telex 910-366-7001
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WHEN IT COMES
FROM US,
IT WORKS.

Most Northstar Systems are purchased
for business and scientific applications
where dowritime means money.

That's why Scottsdale Systems pre-
tests every Northstar BEFORE we sef it.
And package it for SAFE delivery to you.

But we don't stop there. Our Northr
star Systems, with a SOROC IQ-120 ter-
minal, and either an NEC Spinwriter or a
Tl 810, include full integration.

When it comes from Scottsdale
Systerns, it's ready to work for you.

Photo 1: Detailed photograph of the disassembled Speak & Spell. The main circuit
board is shown in the same position as in figure 2; the board in the upper left-hand cor-
ner is the power supply. The black box at bottom center is one of the two keyboard
assemblies.

Horizonll32KDD ... . ovvvvvnnnns 2399
Horizon132KQuad............. 2799
CCSIBKRAM ... oiiieenen 5259
SOROCIQI20. . oivvevenennnn. 749

NEC-5510WRractor ............. 52799
NEC-5520 Whradtor ............. 13099 ® ¢ © OUTRUT TO SPEAKER TRANSFORMER

{NEC's include ribbon. thimbie)

"'" - ""‘ POWER
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BOARD

Bawico
. —'E 8 CHARACTER DISPLAY
u =
| _— ]

ATARI
800 *798* (w/16K RAMI) 400 *‘449*

PROCESSOR
TMCO0271NL

CONNECTIONS CONNECTIONS
TO LEFT HALF TO RIGHT HALF
OF KEYBOARD : OF KEYBOARD

UNKNOWN #1
ket {HIGH~DENSITY 2t
READ~ONLY MEMORY)

L2 TMCO0351NL R2

T-99i4*
wimonitor ‘879
wio monitor ¢736

L3 SOUND GENERATOR R3
SEPTEMBER SPECIALS TMCO28INL

Matte! IbelivISION® ... .oovvenenennnnnnnens 1249 L4
Commodore {all products}* ............... 10% off :)HNg:g‘g:N;‘?V
Heath-89 (48K Wi2S10's} ..o vvvvernnnrrnnn. 32399 |
AROS ACSBOOO-5 . .\ vveerennsss ..%5449 L5 READ~ONLY MEMORY) RS
Comprint GP [TRS-BO. Apple) 3519 TMCO352NL
(C)komprin( Scrgl D0R0000C o e o

idat a Microline o0 o
Tractors (wIMBO purchase). . . ....... ...N00 e KEYBOARD ATTACHMENT
Centrorwes737-F ........ 00 ...'829 :
MPIBBT .......... L1675 L7 R7
Anadex DP-9500 . . . 11499 KEYBOARD ATTACHMENT—
Perkin Eimer Bantam o
TEEVIAEO920-Co v v veeeeeeeerreeennes 1833 L8 R8

*Accessories soid only wisystems $ =
Prices sub ject to ¢. T
Arizona residents add 5%. Charge cards add 2%.

SOCKETN FMOOR v SPEED

PLUG-I DULE POTENTIOMETER

“omnm 9 (~)g ol*) (CLOCK CONTROL)® 9
SYSTEMS

6730 E. McDowvell Road e Suite 103
Sottsdale, AZ 85257
OPEN 6 TO 6 PM o M.-SAT.

= (602) 941-5856 3

Figure 2: Layout of the Speak & Spell main circuit board, viewed from the front of the
toy.




The new microcomputer
FORTRAN you'll be
proud fo take anywhere.

Microcomputer users like you want
the best of all worlds. A single
development and run-time system
that can support FORTRAN on
hundreds of thousands of systems
...astandard FORTRAN that is
available immediately for whatever
micro you have...plus the power,
portability and completeness of the
UCSD™ System. Impossible? It
was until now. Until SofTech Micro-
systems introduced FORTRAN-77,
a major extension to the UCSD
System.

Portability,

the UCSD System

FORTRAN-77 applications
are as portable as UCSD Pascal™
applications. This is because the
UCSD System runson most all major
micros...giving you the freedom
to choose the hardware best suited
to your needs...and the ability to

Circle 54 on inquiry card.

compieteness...

market your applications to the
broadest range of microcomputers
possible.

Since UCSD Pascal and our new
FORTRAN-77 are fully compatible,
you can write applications that use
the advantages of each language.
For instance, you can utilize power-
ful Pascal subroutines for data
display and graphics and FORTRAN
subroutines for numerical calcu-
lations. And, because our system is
modular, you can start now with
Pascal or FORTRAN
and add additional
language com-
pilers when you
are ready.

Power...
ANSI-77
FORTRAN

FORTRAN-
77 is the
newest ANSI
standard lan-
guage forengineer-
ing and scientific
applications, with
0 powerful new
6‘ features included
‘ for more rapid devel-
opment of reliable soft-
ware. Support for structured
programming and improved
character types are just a few of the
FORTRAN-77 features designed
to increase your productivity.
And, since most FORTRAN-66
programs can be run with little or
no change, you can take advantage
of the FORTRAN applications
programs that already exist.

Solution...the complete
UCSD System

For all the tools and support you'll
ever need, order the UCSD System.
Getacomplete development and

runtime package that includes an
operating system, screen editor, file
handler, macro assemblers, linker,
P-code interpreter, the language
compiler of your choice, and full
documentation.

Whetheryourun UCSD Pascal or
our new FORTRAN-77 on whatever
microcomputer you have, you'll join
the more than 10,000 satisfied UCSD
System software users worldwide.

Call or write for more information;
Master Charge or Visa orders
accepted.

SOFEEew

MICROSYSTEmS
R SUABSINDIARY OF SOFTECIH
9494 Black Mountain Road, San
Diego, CA92126. (714) 578-6105.
r You've got your choice with UCSD™ |
I System Software. Use it on microcom-

1 puters with CP/M, or on any system using

I a Z-80, 8080/8085, LSI-11™ 6502, 6800,
6809, or 9900 microprocessor.

| O Send me the Complete set
of UCSD System documentation
inciuding the FORTRAN and
Pascal languages. My check or
money order for $50is enclosed.

0O Send me more information about the
UCSD System with FORTRAN

|

|

|

| $50
|

|

I O Send me more information about the
|

|

|

|

UCSD System with Pascal

O Send me more information about the
UCSD System with both FORTRAN
and Pascal

| O Send me Distributor information
| Name

| Company.
I Address
| City/State/Zip
| Telephone

Massachusetts and California residents add
I_applicable sales tax. CM-1 7E'(5/8°.)_l

CP/M™is a reqistered trademark of Digitat
Research Corporation. LSI-11 is a registered trade-
mark of Digital Equipment. UCSD Pascal and UCSD
are registered trademarks of The Regents of the
University of California.
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COMPLEX SOUND GENERATOR

21— SUPER LOW FREQUENCY OSC. CONTROL CAP. (INP.)
20— SUPER LOW FREQUENCY OSC. CONTROL RES. (INP.)

SN76477N
ENVELOPE SELECT 1 (INPUT) — 1* *ZB—ENVELOPE SELECT 2 (INPUT)
GROUND — 2 *27——MIXER SELECT C (INP.)
EXTERNAL NOISE CLOCK (INP) — 3 *26|— MIXER SELECT A (INP.)
NOISE CLOCK RESISTOR (INP.} — 4 *25——MIXER SELECT B (INP.)
NOISE FILTER CONTROL RESISTOR (INR] —— § 24— ONE-SHOT CONTROL RESISTOR (INP.)
NOISE FILTER CONTROL CAPACITOR (INP)) — 6 23— ONE-SHOT CONTROL CAPACITOR (INP.)
DECAY CONTROL RESISTOR (INP.) — 7 *22]—vCO SELECT (INP.)
ATTACK/DECAY TIMING CAPACITOR(INE) —| 8
SYSTEM ENABLE (INP) —| o*
ATTACK CONTROL RESISTOR ({INP.} —10 19—PITCH CONTROL (INP.)
AMPLITUDE CONTROL RESISTOR {INP.}) —11 18— vCO CONTROL RESISTOR (INP.)
FEEDBACK RESISTOR (INPR) —12 17— VvCO CONTROL CAPACITOR (INP.)
AUDIO OUTPUT —13 16— EXTERNAL VCO CONTROL (INP.}
vcC 14 15—V REG.

Figure 3: Pin assignments for the SN76477N complex-sound generator. It is suspected that this well-known device is marked
TMCO027INL in the Speak & Spell. The pins marked with asterisks are in a logical low state unless they are pulled up by an external

voltage.

Pin # of Connected To
Behavior TMCO271NL Pin| Device # | Informal
Name

steady pattern when
letters are pronounced, 22 4 |TMCO351NL|Unknown #
variable pattern for
all words 25 11 | TMCO271NL| Processor

27 14 | TMCO271NL| Processor
variabie pattern for
ali speech 26 6 |TMCO351NL| Unknown

#1
28 36 |TMCO271NL| Processor

Table 1: Experimental behavior of selected logic lines coming from the
TMCO27INL device on Speak & Spell circuit board.

Text continued from page 76:
while figure 2 shows the location of
these wires in the toy. Each line must
be released before the processor will
accept another input command.
Returning to the operation of the
device, the 40-pin circuit is undoubt-
edly a processor. There are two inte-
grated circuits which I have labeled as
high-density read-only memory
(however, this is only a guess). They
contain the information for the 230
spoken words; the processor
(TMCO0271NL) appears to contain the
spoken letters and a few brief words.
Of the forty pins on the processor,
five are input lines from the switches,
seven are pulsed output lines to the
switches, fifteen or more are output
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lines to the display, and three are out-
put lines to the sound generator.
Three of the lines that go to the
display are part of the five lines that
connect the processor to unknown
circuit #1 (mentioned above as
possibly being a high-density read-
only memory). If the unknown cir-
cuits are memory devices, the in-
dividual byte locations are not ad-
dressed by the processor (there is an
insufficient number of interconnect-
ing lines for that purpose), but are
possibly left to be sequenced by a
clock and stopped by processor con-
trol.

I am reasonably certain that the
sound is generated by a complex
sound generator, SN76477N. This

circuit is controlled by numerous
resistor-capacitor combinations and
seven digital-control lines. (See figure
3 and table 1.) If this device is the chip
marked TMC0271NL in the Speak &
Spell, then it is two of the seven con-
trol lines (pins 1 and 9) that are tied to
ground all of the time. Five of the
lines have varying signals, though
three of these maintain a constant
pattern when letters are being pro-
nounced. The narrowest spike in a
pulse train that is connected to a con-
trol line is 0.1 ms long. With a
230-word vocabulary, there is a con-
trolled speech time of well over 100
seconds. Five lines multiplied by 100
seconds multiplied by 10,000 pulses
per second yields 5,000,000 bits of in-
formation stored somewhere in the
Speak & Spell—providing one
assumes that each word is composed
of individually stored pulses. There
are probably subroutines that cause
the production of phonetic elements.
I can see no way to access these
phonetic elements, because they seem
to be internal and not directly ad-
dressable by normal address lines.
Someone with more memory than I
have (1 K bytes of user memory)
could monitor the control lines on the
sound generator (see figure 3) and
perhaps determine the phonetic
makeup of individual sounds.

If you don't mind listening to your
computer spell everything, give it a
voice and let it speak.®
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P~ NEW!CP/MHANDBOOK
- MAKES CP/M EASY AS ABC

CP/M-the industry standard in operating
systems: now Sybex makes it easy as ABC
with a new step-by-step guide: THE CP/M®
HANDBOQOK (with MP/Mtm),

Gain a clear understanding of CP/M's
basic operation, learn how to use the editor
and assembler, then explore allversions of
CP/M, including CDOS and multi-user MP /M.

Numerous sample programs, practicai
operating hints and handy reference tabies
make the CP/M HANDBOOK a must for
anyone-from beginner to experienced
programmer.

For sophisticated editing or simple
copying, the new CP/M HANDBOOK gives
you a hand-and makes CP/M easy as ABC.

By Rodnay Zaks, 250 pp., Ret. C300, $13.95
CP/M® and MP/M M gre trademarks of Digital Research
Circle 55 on inquiry card.
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Dep‘l. Bg I_MAIL TO: SYBEX 2344 Sixth St., Berkeley, CA 94710
m 2344 Sixth St Send me ____ copy(s) of The CP/M Handbook @ $1395 I
Name
\I Berkeley, CA. | " :
ny R R
947]0 Address I
AVAILABLE AT BOOKSTORES ! city State Zip
AND COMPUTER SHOPS I Amount enclosed QO UPS [ dthclass I
EVERYWHERE I Chargemy [1Visa O MasterCharge 0 AmM.Ex. I
TO ORDER: | Cardnumber _ |
By Phone: (415) 848-8233, Visa, MC, Am Ex Expiration date _
By Mall: Indicate quantity. Prepayment required . I
Shipping: $1.50 per book (UPS) or 75¢ (4th Class) I Signature I
Tax: In California please add tax 0 Send me your free catalog C300B9



Penny Pincher’s Joystick

One of the more entertaining input
devices that can be operated by a
human hand is the joystick. Physi.
cally, the device consists of a lever
that moves in two dimensions. The
lever operates two potentiometers,
which translate the position of the
lever into two analog resistance
values. A joystick hardware inter-
face, in conjunction with the ap-
propriate software, can convert the
resistance values into corresponding
binary integer values. These integers
can be used to move a cursor, alter
music, or contro] a robot, along with
a myriad of other applications.

There are several ways to interface
a joystick to your computer. Each
scheme has its advantages and disad-
vantages. The particular method 1
have chosen has the advantages of be-
ing inexpensive, easy to build, easy to
understand, and of requiring a
minimum of input/ output {1/0) pro-
gramming.

The disadvantages? This method is
siower than some other interfaces 1
have seen, uses more software than
do the expensive hardware-intensive
schemes, and is less precise than some
of the more elaborate circuit concoc-
tions.

Operating Theory
The key to my “penny pincher’s”
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Interface

Steven Wexler
1634 Buck Hill Dr
Huntingdon Valley PA 19006

joystick interface is the 556 dual timer
configured as twa monostable muki-
vibrators or one-shots, as shown in
figure 1. In English, this means that if
you tri the one-shat, its output
will go high for a predetermined in-
terval, after which the output will
return to its normal low state.

By using a joystick potentiometer
as a timing resistor, the duration of
one output pulse will be proportional
to the position, in one dimension, of
the joystick lever. Software is used to
convert the pulse duration into a
binary value. Duplicating the circuit
for the second timer, the other joy-
stick potentiometer will yield a dif-
ferent output-pulse duration and
binary value for the other dimension.
Remember, joysticks aperate in two
or more dimensions.

Joystick Interface Circuit

Careful study of figure 1 will reveal
a most curious aspect of the interface.
The trigger and reset lines for each
drcuit are all tied to a common pro-
cessor output line. This certainly
saves output lines, but how can you
trigger and reset simultaneously? An
explanation of the trigger re-
quirements for the timer circuits
should help to clear up this anomaly.

Normally, the timer will start to
output a pulse on the high-to-low

transition (ie: negative-going edge) of
the input trigger signal. For the device
to work properly, it is necessary to
return the trigger input to its normal
high state before the timed-output
pulse returns low. In other words,
before the device times out, the trig-
ger input must go high.

If the timer raceives a trigger signal
in the middle of an output pulse, the
signal is ignored. The obvious conclu-
sion is that we must either trigger
each of the 556 timers independently,
or we must reset the second timer
before it is triggered. Otherwise, how
are we t0 avoid attempting to trigger
the second timer before it has timed
out from the initial signal? Tying the
resets and triggers to a common
computer-output line avoids the tim-
ing pitfall, while simplifying both
hardware and software.

When the computer-output line
goes low, the timing function is reset
and the device returns to its initial
state. As the processor-output line
returns high (ie: positive-going edge),
the circuit is reset before it is trig-
gered; this allows the timing pulse to
begin normally. The 1/0O Ene used to
reset and trigger the 556 can also be
used to reset and trigger additional
joysticks. How's that for efficiency! 1
have not included the values of the
timing capacitors and potentiometers



Chief Relief

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.

Atyour 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,

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- LR
rized Smoke Signal dealer — he 1l be glad to
demonstrate the Chieftain’s high reliability and

ease of operation. For dealers only, circle 57
All other inquiries, circle 56




TRIGGER FROM PROEESSOR
OUTPUT STROBE

>

TIMING
CAPACITOR
A

h)

l gl

+5v
4 6 10 8
RESET TRIGGER RESET TRIGGER
) DISCHARGE |2
21K 4:1K
:
THRESHOLD 2
TO PROCESSOR 5
G OUTPUT JOYSTICK
INPUT LINE "a" < c1 & POTENTIOMETER SO
556 A
14
TO PROCESSOR 9
INPUT LINE "8" < CRRA l
37 JOYSTICK
{‘POTENTIOMETER ;[o.m,‘r
DISCHARGE P
THRESHOLD P2
—— TimING
CAPACITOR
CONTROL CONTROL 8
VOLTAGE VOLTAGE
_li Jil
Number Type +5V  GND 0.01uF 0.014F

1CY 556 14 7

Figure 1: The key to the penny pincher's joystick interface is the 556 dual timer, configured as two monostable multivibrators. The in-
terval of each output pulse is determined by the joystick resistance, in conjunction with a user-selected timing capacitor.

FINALLY! ONE ASSEMBLER — 2G*T~ BY
SORCIM — LETS YOU ASSEMBLE CODE

FOR 6502, 6800, 8080, 8085, AND 780
s

In use for two years by Sorcim to facilitate program development, the A.C.T.
{Assembly Code Translator) “universal” cross-assembler supports all 5 major
processors and is now available to the public. Get out of writing hex and
toggling switches: A.C.T. gives you efficient programming as well as the
capability to develop code for one processor on a machine using a different
processor. Running under CP/M* 1.4X or 2X, A.C.T. features:

@ Assembly speed greater than 1000 lines/min
® Complete cross reference

@ Support for data type hex, octal, or binary (Intel or Motorola format)

® Supports macros

® Comprehensive set of pseudo-ops

@ Absolute assemblies, system text file support, local proc definition (8080/S & ZBO
only). code file format (standard Intel hex), and many more special features.

A.C.T. fits in 24K of RAM (including CP/M), comes complete with manual and
sample programs, and is shipped on a single-sided, single density, soft-sectored

CPIM compatible 8" diskette. Want to know more about A.C.T.’s many talents?
The manual is available separately for $15

SORCIV

We accep( UPS
pevsonal checks, and certified ‘checks. Calu(or-
nians add sales tax. Add $10 outside USA

ALSO AVAILABLE FROM SORCIM FOR
$175: PASCAUM™, THE LOW-COST/-
HIGH PERFORMANCE LANGUAGE FOR
ALL Z80/8080/8085 COMPUTERS.

“CP/M 15 3 \rademark of DigRal Research
AC.T. and PASCALM are Irademarks of Suram

PO Box 32505
SAN JOSE, CA 95152
s
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in -figure 1; these values depend on
software, processor speed, and per-
sonal preference.

Software

The software needed for the penny
pincher’s interface is very straight-
forward. The 556 timers are triggered
by setting the proper computer-
output line first low, then high. After
this, the processor should enter a
tight, time-efficient counting loop
until one circuit times out. The soft-
ware should immediately store the
count and then start the process over
for the next timer. It is recommended
that you disable interrupts during the
counting process; otherwise an inac-
curate count may occur.

Listing 1 presents the joystick-
driving software for my KIM-1 com-
puter (6502 processor). The program
assumes that the reset/trigger line is
tied to the KIM-1 I/O line B1. The
timer's outputs are tied to B2 and B3;
a second joystick may be tied to lines
B4 and Bs.

Utilizing consecutive [/O lines in
this manner allows for efficient 170
line polling by merely shifting an 170
mask. Figure 2 is a flowchart of the



Videoprint is the convenient
economical means of
obtaining distortion-free line
or continuous tone hardcopy
from raster line computer
graphics displays in full,
brilliant color. The entire
system is self contained in the
convenient desk-top unit
shown above.

Videoprints eliminate such
off-the-screen photography
problems as barrel distortion,
color de-saturation and loss of
color fidelity. Videoprintsalso
minimize the effects of raster
lines and video noise.

Videoprints are instantly
produced with Polaroid”
SX-70 or Polacolor 4" x 5"
films, as well as with conven-
tional color negative or 35 mm
slide transparency films, offer-
ing you a range of handy sizes.
The pictures can be made by
untrained personnel at the
push of a button.

Circle 59 on inquiry card.

NATEoMaL CROKTH

Flest waLs c2oss BaLEs

n
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»
®

If you've ever wanted to
distribute copies of computer
graphics or TV video stills or
file them in your permanent
records, or send them through
the mail or project them as
slides, you need Videoprint.

If you've ever wanted to
document alternatives in an
interactive graphics process,
or monitor periodic events
without 24-hour observation,
you need Videoprint.

In fact, if you use computer
graphics in any form, you
really need Videoprint. Find
out all about this exciting new
tool. Write or call us today.

___RESOURCE

The Videoprint People.

Image Resource Corporation
2260 Townsgate Road, Wesrlake Village, CA 91361
(805) 496-3317

"Polaroid.""Polacolor“and "SX-70" are registered

trademarks of the Polaroid Corporation.



Joy ‘ JOy 2 ’
INITIALIZE INITIALIZE
FOR FOR
1 JOYSTICK 2 JOYSTICKS

. |
I

INITIALIZE
170 PORTS,
TIMER POINTER

SAVE
INTERRUPT
DISABLE
STATUS

DISABLE
INTERRUPT

RESET AND
TRIGGER
TIMERS

INCREMENT
COUNT

SAVE
COUNT

UPDATE
TIMER
POINTER

RESTORE
INTERRUPT
DISABLE
STATUS

Figure 2: The joystick-driving software
consists mainly of a counting loop; this
determines the stick position by timing the
output pulse interval. High resolution can
be attained by using a fast counting loop.
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of the hardware.

POT =$17E3
POT +1 =$17E4
POT+2 =$17E5
POT +3 =$17E6
PBD2 =%1702
PBDD2 =%1703

8510 A2 0] Joy LDX #1

8512 D00l BNE HOP

8514 A2 03 JOY2 LDX #3

8516 A9 02 HOP LDA #2

8518 8D 03 17 STA PBDD2

B51B 08 PHP

851C 178 SEI

851D O0A LP ASL

B51E A0 00 LDY #0

8520 8C 02 17 STY PBD2

8523 A0 02 LDY #2

8525 BC 02 17 STY PBD2

8528 AOQ FF LDY #FF

852A CA LPl1 INY

B852B 2C 02 17 BIT PBD2

B52E DOFA BNE LP1

8530 48 PHA

8531 98 TYA

8532 9D E3 17 STA POT.X

B8535 68 PLA

8536 CA DEX

8537 10 E4 BPL LP

8539 28 PLP

B853A 60 RTS

Listing 1: The software used on the author's KIM-1 system resets the interface timers
with a low logic state on 1/0 line B1. When the same line goes high, the timers are
retriggered. This technique, using only one output line, contributes to the simplicity

POT 1, Y AXIS

POT 1, X AXIS

POT 2, Y AXIS

POT 2, X AXIS

PORT B DATA REGISTER
PORT B DIRECTION REGISTER

ENTRY FOR ONE JOYSTICK.
FORCED JUMP.

ENTRY FOR TWO JOYSTICKS.
INITIALIZE TIMER POINTER.
SET LINE Bl FOR OUTPUT, REST INPUT.
SAVE INTERRUPT STATUS.
DISABLE INTERRUPT.
UPDATE TIMER POINTER.
TRIGGER TIMER VIA
LOWTO

HIGH TRANSITION

OF LINE Bl.

INITIALIZE COUNTER.
UPDATE COUNT.

TEST TIMING PULSE.

IF HIGH, CONTINUE COUNT.

SAVE COUNT.

MORE TIMERS?
NO, RESTORE INTERRUPT STATUS.

program. Remember to keep the
counting loop as efficient as possible.

Calibration

The count we obtain from the in-
terface is equivalent to the duration
of the timing pulse divided by the
processing time required by the com-
puter to execute one counting loop.
My 6502 system, running at a clock
frequency of 1 MHz, will execute the
counting loop in listing 1 (hexa-
decimal 852A thru 852E) in 9 us. It
stands to reason that if you want a
joystick to read from O to 100 on this
machine, you would choose a poten-
tiometer and capacitor that would set
the maximum duration of the timing
pulse to 909 us (101 X 9 us).

The following formula is used to
derive the value of the timing
capacitor:

C = pulse duration
1.1XR

where C is in farads, duration is in
seconds, and R is in chms. Assuming

a joystick with 100 k-ohm poten-
tiometers, a 0.0083 uF capacitor is
needed to produce a 909 us timing
pulse. Since the actual value of most

capacitors is not precisely known, it
may be desirable to trim the maxi-
mum timer intervals. This can be
done by placing extremely small-
value capacitors in parallel with the
main timing capacitor of the circuit
that has the smaller maximum pulse
of the two. Silver mica capacitors
should work well here.

Construction

The circuit is quite simple and
compact. With point-to-point wir-
ing, several joystick interfaces can be
constructed on a small circuit card.
Placement of components is not
critical. Each interface should draw
less than 40 mA from a +5 V supply.
Surplus joysticks can be purchased
for about $4, while the 556 timer
costs less than $1; so, for about $6
and one night's work, you can add
this joystick interface to your
system.®



Applevs IBM

IBM/370 users have VSAM (Virtual Storage Access Method) to provide
fast, flexible keyed-access to their data. Now KRAM (Keyed Random Access
Method), from United Software of America, gives APPLE users the same
flexibility, substantially increasing the processing power of the APPLE.

Until KRAM, the only “random access” capability in the APPLE consisted
of a crude form of “relative record” processing. While this is usable for very
simple applications, it falls far short of the needs of today’s business &
analytical applications. Using KRAM, records may be processed by a “key"”
value, which may consist of any kind of data: numbers, letters, special
characters, etc. Even APPLE's long-awaited DOS 3.3 doesn't have anything
like this!!

Just compare: Consider an employee file in a Payroll application:

APPLE'S
DOS 3.3
FUNCTION ’j\%&gg‘ kRam FEATURES
Retrieve by Social Sec. # NO YES Relative record is limited
to 7 digit #'s;
KRAM keys up to 48 bytes!
Retrieve by Last Name NO YES Relative record cannot
tile alphabetically
Erase a record NO YES Relative record cannot
erase records
Dynamic record allocation NO YES KRAM files grow as needed
Dynamic compression NO YES KRAM recaptures space when
records are deleted
Mutliple files open NO YES KRAM can keep 5 files open
simultaneously
BEST WAY NO YES It's obvious

As you can see, KRAM now attains levels of sophistication on the APPLE
that rival those of IBM mainframes. . . So why let the IBM users have all the
power? Power up your APPLE with KRAM!

KRAM RELEASE 2.0 FUNCTIONS:
» Create/Open a dataset

» Put record by key

®» Add & Delete records by key

» Get any record by Full or
»
]

Supports multiple disks
Read next or previous record
Dynamic space allocation
Dynamic space reclamation
Dynamic index compression
Never needs reorganization

Partial key in .4 sec.
(.2 sec. with Corvus Disk)

An 80 page manual fully documents KRAM 2,0 functions and illustrates
with programming samples. KRAM architecture is fully explained and asample
mailing list application program is included.

APPLE & PET Requirements:

KRAM is designed to work with both APPLE’s Disk || and Corvus Systems
10 Megabyte Winchester Disk, and Commodore's 2040, 3040, and 8050 Disk
units. KRAM 2.0 requires 32K/48K APPLE with Integer Basic in ROM

(compatible with APPLESOFT) and atleastonediskdrive. KRAMworkson any
40/80 column 16K/32K PET.

Im‘[@f@@m@i@@w Special §99,95

== = UNITED Look for the RED-WHITE-BLUE
== SOFTWARE United Software Display at your local

computer dealer, or send check or
750 3R0 Avenue, AMERICA moneyorder, plus $3.00 shipping ta:
New York NY 10017

(212) 682-0347 Telex 640055 DEALER INQUIRIES INVITED
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Biologically based paradigms provide
insights into artificial intelligence.

As researchers begin to
unravel the mysteries of

the brain’s chemical, elec-

trical and synaptic cir-
cuitry their findings are

becoming immediately ap-

plicable to advances in

robotic behavior and com-

puter design. Ernest W
Kent, a computerist and
professor of both physio-
logical psychology and
psychopharmacology,
dissects the brain to
create biologically based
paradigms providing new
insights into computer
design and artificial
intelligence.

Professor Kent has
written one of those rare
and important works that
transcends previously
perceived disciplinary

boundaries. The ever- that more and more is be-
increasing relationship ing modeled after man’s
between man and own neurological self
machines is freshly ex- image.

amined; a relationship, This an¢ other BYTE/McGraw-Hill BU'[

Professor Kent concludes, e aaape o ovie o IBBIINS

by Ernest Kent




The best in data base management
for your micro-computer

" Get the most out of your micro-computer. Use our

advanced and progressive data management system.

HDBS is an extended hierarchal data base system
offering

o fixed length records

o file-level read/write protection

® one-to-many set relationships

MDBS is a full network data base system offered

as an upgrade from HDBS. . .or it may be ideal as

your initial system. Unique and versatile, it adds

these features:

o full network CODASYL-oriented data structures

e variable length records

e muitiple levels of read/write protection

® one-to-one, many-to-one, and many-to-many sets

e non-redundancy of data, easy updating

e occurrences of a record type may own other
occurrences of the same type

® a single set may have multiple owner and member
record types

MDBS-DRS. As an add-on to MDBS, the DRS
system offers extraordinary flexibility in data base
restructuring to meet new needs.

e [tem, record, and set types can be added, deleted,
or renamed In an existing data base as well as
other data base characteristics. You can redesign
the data base after it is already on-line!

MDBS-RTL. As an add-on to MDBS, the RTL

. (Recovery Transaction Logging) logs all data base
transactions, so that in the event of a system
failure, the data base can be recovered with
minimal loss of information.

e The recovery processor permits selective
reloading of the data base from the transaction
file. Users can log messages, indicate complex
transaction sequences, and effect selective
control over the recovery process.

MDBS-QRS. An interactive Report-

Writer/Query-System for HDBS/MDBS data bases.

Features...

e may be customized for non-technical users

ecomplex retrieval conditions may be specified

o detailed reports can be quickly generated

e wildcard and “match-one" string specifications
included

HDBS and MDBS Rackages Include:

¢ DDL data definition language analyzer/editor

® 260-page users manual

e DMS data management routines callable from
host language

e Sample application program and DDL files

® Relocator to re-org all routines

e System specific manual for bringing up our
software

apaimCR Coming soon: Multi-User Versions
SRR of MDBS, and a Z8000 Version.

MAMAGEMENT-
SYSTEMS

54-page “primer”’ on data base
systems for micro-computers —
only $10.00 per copy.
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Both HDBS and MDBS Systems. . .

e Run under...

CP/M with Microsoft BASICs, FORTRAN or
COBOL; InterSystem PASCAL/Z; Sorcim
PASCAL/M; Micro Focus CIS COBOL;

Digital Research PL/!

MVT/FAMOS with BASIC

OASIS with BASIC

TRSDOS and NEWDOS (Models | and 1) with:

Disk BASIC

North Star DOS with North Star BAS!IC
Apple DOS and Applesoft BASIC
Machine Language Interface available on al!

above systems.

e Up to 254 record-types definable in the data base;
each record-type may contain up to 255 item- types;
each item-type may be up to 9,999 bytes in length.

® Names of data items, records, sets, and files are

wholly user definable.

e Commands to add, delete, update, search, and

traverse the data base.

e Straightforward use of ISAM-like structures.
e Records can be maintained in several sorted

orders.

e Written in machine language for maximum
execution efficiency and minimal memory usage.

¢ Independent of types and sizes of disk drives.
Support data base spread over several disk drives
(max.8); disks may be mini- or full-sized floppies

or hard disks.

e Available versions: Z80 (requires approx. 18K},
6502 (approx. 26K), 8080 (approx. 22K)
Total memory requirement must allow for buffer

areas.

¢ 8086 version available. (Call or write for details

and prices.)

Ordering and pricing information:
(applicable to Z80, 8080 and 6502 versions):

HDBS $ 30000
MDBS 900.00
DRS 300.00
RTL 300.00
QRS 300.00
HDBS upgrade to MDBS 650.00
MDBS with DRS.

RTL.and QRS 1500.00
HBDS/MDBS Manual 35.00
DRS Manual 5.00
RTL Manual 5.00
QRS Manual 5.00
System Specitic

Manuals (each) 5.00

Within a given operating system,
add $125.00 for each additional
language selected.

For prices outside the U.S. and
Canada, please ask for price lists.

Add $2.50 hand(ing fee for non-cash
order ($5.00 outside U.S.).

When ordering. specify inlendecj
use with ... :
. North Star DOS and BASIC
. CP/M - Microsoft BASIC 4.XX
CP/M - Microsoft BASIC 5.XX
. CP/M - Microsoft BASIC
Compiler or FORTRAN-
80
. CP/M - Microsoft COBOL-80
. CP/M - InterSystem PASCAL/Z
CP/M - Sorcim PASCAL/M
CP/M - Digital Research PL/I
. CP/M - Micro Focus CIS
_ COBOL
10. TRSDOS/NEWDOS and TRS
Disk BASIC (Models | and (l)
11. Apple DOS and Applesoft BASIC
12. MVT/FAMOS and BASIC

“13. OASIS and OASIS BASIC

14. Machine Language Programs
{Specify operating system.)

Indiana residents add 4%.
We accept Visa and Master Charge.

Finally, our software may: cost a litfle more. ..
but it's worth a lot more in quality and versatility.

Micro

— .,

Data Hase
Systems, inc.

Box 248, Lafayette, Indiana 47902
317-742-7388 or 317-448-1616
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Lsagusgss Forum

Pascal and the Great Race

David A Mundie, 104 Oakhurst Cir, Charlottesville VA 22903

I have some comments on the record maintenance
techniques described in “The Great Race and Micro Disk
Files,” by ] ] Roehrig (April 1980 BYTE, page 142).

Mr Roehrig's initial method took almost a minute just
to write 120 real variables, so it is little wonder that he
began looking for a better way. His decision to minimize
disk transfers by not sorting the records on the disk seems
eminently sensible. However, his other decision, to read
and write individual elements of the array instead of
using a FOR...NEXT loop is lamentable. Surely there is
something wrong with a language so inefficient that loops
are prohibitively slow. One wonders what he would have
done had there been 1000 elements in the array rather
than twelve.

Mr Roehrig might consider changing programming
languages as a solution to his problem. The root of his
difficulty is that BASIC does not allow for files of arrays
(or any other structured data type, for that matter). In
Pascal, it would be possible to define SCRATCH as a file

779 UPPER CASE/lower case
“Conversion Kit 1”
Expand the capabilities of your 779 line printer to
include word processing!! Available to all Centronics
779/TRS 80 Printer | owners is the option of lower
case and changing slash 0 Zero to standard 0. No etch
cuts or soldering needed. Installs N minutes with a
screwdriver. No program modification or additional
interface is required. Price $125.00

Motor Control "CONVERSION KIT I1I”
FOR ALL CENTRONICS 779/ TRS 80 PRINTER | LINE PRINTERS!
Our “Conversion Kit II” Motor Controller gives your 779
the ability to turn the motor on and off automatically.
Removes the annoying noise of constant run,

increasing the life span of your 779/ TRS 80 line printer

motor! No soldering, software or hardware changes
Price $95.00

SAVE! Buy Service Technologies “"Conversion Kit I
and “Conversion Kit I* together for the singie price
of $199.00

To order, please send check or money order in the

roper a unt to:
e e (j;rvt'ce %Ano/oyiea, jzc.

32 Nightingale Rd.
Nashua, N.H. 03062
(603) 883-5369

Visa and Master Charge accepted (please include
signature, expiration date and phone number)

Service Technologies will pay all shipping and
handling.

needed. Installs easily.
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of arrays of reals, with twelve reals in each array.
Writing an array is then accomplished by the simple
statement PUT(SCRATCH), while reading is done by
GET(SCRATCH)—no loops, and especially no referenc-

ing of each element of the array.

Listing 1
PROGRAM RACETEST;
CONST DUMMYVALUE = 1.23456;
TYPE REALARRAY = ARRAY|1..12) OF REAL;
VAR 1,J: INTEGER:
DUMMY: REALARRAY;
SCRATCH: FILE OF REALARRAY;
PROCEDURE CLOCK;
BEGIN
WRITELN ('CLOCK: );
READLN
END;
BEGIN (*RACETEST—MAIN PROGRAM")
FOR1:=1TO 12DO
DUMMY|1| := DUMMYVALUE;
CLOCK;
REWRITE (SCRATCH, 'SCRATCH');
FORI1:=1TO10DO
BEGIN -
SCRATCH! : = DUMMY;
PUT (SCRATCH)
END;
CLOCK;
FORJ]: = 1TOSDO
BEGIN
RESET (SCRATCH);
FORI:=1TO10DO
BEGIN
DUMMY := SCRATCHI;
GET (SCRATCH)
END;
END;
CLOCK;
CLOSE (SCRATCH)
END.

A Pascal program equivalent to his program is given in
listing 1. Because ten arrays of twelve reals do not fill up
the minimum UCSD Pascal buffer of 512 bytes, for
benchmarking purposes [ actually used an array size of
120 real variables, then divided the execution times by
10. This yields a time of about 0.4 seconds to write ten
records, compared to Mr Roehrig's minimum of 3
seconds, or the estimated 20 seconds using loops.
Reading ten records five times took about 1 second, com-
pared to his minimum of 6 seconds. Part of the difference
may be attributable to hardware (I used a Pascal
Microengine with double-density 8-inch disks), but I am
convinced that the difference is largely due to Pascal’s
more rational handling of files. In this case, at least,
higher-level constructs seem to be not only easier to use,
but also more efficient than those at a low level.®

Circle 62 on inquiry card. —



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 is
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 Controllier 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

Manufacturing

2800 Lockheed Way, Carson City, NV 89701

(702) 883-7611



Techaicsl Forum

The article A Power-Line Protection Circuit”™ by Neil Sclmeider and
Bror Erickson (March 1980 BYTE. page 126) generated a great deal of
correspondence. This  included  the  following  criticism by Mr
Newswanger and the circuit offered by Mr Schafer.

Protection Circuits

Donald W Newswanger, Dept of Building and Safety, City Hall,
Rm 485, Los Angeles CA 90012

I was disappointed to see the article “A Power-Line
Protection Circuit” (March 1980 BYTE, page 126). No
direct internal connection should ever be made to a lot-
chassis transformerless television set. The antenna ter-
minals may be safely used with a suitable RF (radio-
frequency) modulator, but no attempt should be made to
connect directly into the video circuit. Transformer-
isolated television sets and monitors are readily available
for this purpose.

The circuits in both figure 1 and figure 2 of that article
introduce problems into the building wiring system. The
use of either circuit will trip a ground-fault circuit
breaker. Circuit 2 is particularly bad since it directly in-
terconnects the ground wire and the neutral during nor-
mal operation. The neutral conductor of a two-wire cir-

TRS-80 MOD i
WORD PROCESSING

WpDaisy

WORD PROCESSOR

The best is now even better...
New Features
New Commands
New Capabilities
New Manual

SPECIAL PACKAGE INCLUDES:
e Wp Daisy™ word processor
e Mail Merge™ mailing list package
e |/OS operating system
full CP/M™ & CDOS
compatability

Includes
— Diablo, Spinwriter and
Qume support
— Printer spooling
— 30 programs

™

CP/
TM™ of Digital Research
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cuit carries the same current as the liot wire of the circuit.
The interconnection of the neutral and ground wire will
cause part of the normal neutral current from all ap-
plicances connected to the circuit to flow through the
ground wire. The ground wire is intended to provide a
ground path for appliances and should never be used as a
current-carrying conductor. These circuits violate the
provisions of the National Electrical Code and the
UL/ANSI Standards.

I have a low-cost personal computer and feel that my
120 VAC/12 VDC portable television set was a good in-
vestment. BYTE should encourage the use of line-isolated
television sets and monitors and discourage the use of
makeshift substitutes. ®

Steven A Schafer, 202 West Dr, Princeton NJ 08540

The purpose of the ground wire in the standard power
delivery system is to provide a stable reference and to
bleed away any small charges caused by leakage currents
or static. It should never be used to supply power to any
device. A current of more than a few milliamperes in the
ground line is enough to trigger a ground-fault inter-
rupter, if such a device is installed.

For the same reason, the neutral wire should never be
connected to the ground wire; even though they are sup-
posedly at the same potential, the neutral wire is not
guaranteed to be at earth-ground, and connecting it to
the ground wire will often cause a small current to flow.
For obvious safety reasons, neither the hot nor the
neutral side of the power line should be connected to any
exposed conductor.

The circuit shown in figure 1 is a nearly foolproof way
to protect against wiring errors. If a polarity error exists
between the protected equipment and any other devices
connected to it, relay 2 and the neon indicator will turn
on, disabling relay 1 and preventing power from being
applied to the protected equipment. If there is no error,
relay 2 remains off, and depressing the push-button switch

H &= H
[ S, S
PROTECTED
N 4 ° m EQUIPMENT
A
3

“ON" Ao 3 \ 4

OTHER
"‘I_o_o) 0 DEVICES

Ao
[
3 RELAY #2
A o
vy N
“FAULT"

Figure 1: Steven Schafer’'s power-line protection circuit. The line
marked H is the hot side of the power line; the line marked N is
the neutral side of the power line. The resistor in series with the
neon lamp should have a value of 100 k ohms.
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VIDEO DATA PROCESSOR
Called the VDP, comes complete
with 16K memory, its own color text
and graphics generator and is
designed to superimpose its
graphics and text over incoming
video signals from video tape,
video disk, TV camera, Apple
Video or Broadcast ® Color text
and graphics on an independent
screen o Video titling or video
interactive training uses. It's like
your own TV station, works with
OUR Light Pen too! Available
directly from Symtec at $1500.00.

SPECIAL PROBLEMS

We can help. Symtec does custom
engineering, fabrication, hardware
and software design for
microprocessor. Beginning at
$1500, these services can solve
your custom application needs for
industrial, scientific, medical,
engineering or personal uses.

SAINTES INTC.

-

-

NodJIPIR s
i T

SUPER SOUND GENERATOR
Apple Music Power with a plus e
3 voices, 6 in stereo version @
Noise generator ® Independent
control of volume, envelope and
shape by channel e Full power,
easy to use software to compose,
edit, play in hi-res graphics, PLUS,
input and output ports allow extra
uses: ® Printer interface ® Remote
ASCII or music keyboard interface
e and, optional BSR X-10 Adapter
is available. Suggested retail
$159.95 mono, $259.95 stereo.

SYMTEC X-10 CONTROL

Now for the Apple Il, a low cost
control to link your computer to the
BSR X-10 Home Control System.
Control your home or office lighting
and appliances ® Energy
management e Display lighting
Security and more. Suggested
retail $49.95.

See your Apple Deater for a demonstration of the Sym-
tec Light Pen, Supersound Generator or Symtec Appie
X-10 Control. Other products and services are available
directly from Symtec. Apple is a trade mark of Apple
Computer Inc. BSR System X-10is a trade mark of BSR
Ltd. Muse is the trade mark of Micro Users Software
Exchange, Inc.

LIGHT PEN
A professional quality, full feature
light pen for the Apple || Computer

_ ® Hi-resolution — draw on the

screen @ X, Y and sensitivity
adjustments — fits any standard
TV e Sync adjustment for remote
video source ® Touch switch sets
interface flag® Rugged metal case:
e Recommended by Apple.
Complete, ready to go, the Symtec
Light Peniis provided with software
and documentation in Basic,
Applesoft and machine code.
Muse's Pilot || Language using the .
Symtec Light Pen is also available.
The Light Pen is useable for
graphics, games, education,
exhibits, freedom from the
keyboard. Suggested retail
$249.95.

" 22223 Telegraph Rd.; Southfield, Mich: 48034 P.O. Box 462, Farmington, Mich. 48024 313-352-1790




More Printing Terminals
From MICROMAIL . . .

] {Shown with optional k;rms tractor and numeric
Prints at 40 cps, using 88, 92, or keypad).
96 char. metalized printwheels. e Prints 10, 12, 13.2, or 16.5
Vertical resolution 1/48"; Horizontal characters per inch, upper/lower
1/120". Capabie of proportional case.
spacing, bidirectional printing, and . :
graphics under software control. 2'_3'_ 4,6, g' @ lz In"les (= (i
Bidirectional normal and direct tabs. i’;réﬁé%" AGLTG T AT o 1
Left, right, top and bottom margins. j $969 00
— Numeric keypad — $80.00

R.0.$2890.00 Otions: -
KSR $3285.00 — Adjustable forms tractor —
$130.00

DIABLO 1640

* Uses plastic printwheel and prints, at
45 cps. Otherwise, shares identical
features with 1650 including: 8
— Friction or tractor feed, up to Pe,formance’for Your

15" wide. 0!

- Carmrivglzgeribbon. fabric or carbon. r Than T.- L
R.0.$2745.00

KSR $3140.00

ANADEX DP-9500/9501
High Density Graphics

Parallel, RS-232C, and Current
Loop interfaces standard.

Double width printing
132/175 or 132/220 columns.

- 50 to 200+ lines/min., 150/200
CPS 9 x 7/7 x 9 font or 120/200

® Includes upper/lower case option. CPS with 11 x 9/7 x 9 font.
e Bidirectional printing at 150 cps. 9-wire print head, 650 million

o Tractor-feed forms, 3" to 15" character life. .
wide. Bi-Directional printing with shortest

51599_00 distance sensing logic.
Options: Adjustable width tractor paper feed.
— Forms length control —$100.00 Complete forms control.

— Vertical Format Control with
Compressed Print — $125.00 Call for Low Price

We Also Represent the Following Manufacturers:
TELETYPE GTC TeleVideo TEC SOROC

Write or Call In for Our Free Catalogue!

:MICRGMAIL .

MICROMAIL « BOX 3297 « SANTA ANA, CA 92703
(714) 731-4338

TO ORDER: Send check or money order to: MICROMAIL, P.O. Box 3297, Santa Ana, CA
92703. Personal or companty checks require. two weeks to clear. Terminals In stock are
shipped the business day after recelpt of certlfied funds. All equipment includes factory
warranty. ;

SHIPPING: We ship freight collect by UPS when possible. Larger terminals are shipped
by motor freight. Air and express delivery is available on all products.

HANDLING: All orders are subject to MICROMAIL’s handling charges. Less than
$750.00, add ?%. $750.00 to $2,000.00,,add 2%. Over $2,000.00 add 1%.

will latch relay 1 on and apply power to the load. The
only way to defeat the circuit is to hold the push-button
switch closed while inserting the power plug in the wall
socket. ®

Making 6502 Indirect
Subroutine Calls
Efficient

Philip K Hooper, 5 Elm St, Northfield VT 05663

I enjoyed the article “Indirect Addressing for the 6502,”
by Kenneth Skier (January 1980 BYTE, page 118), and ]
would like to suggest some alternative techniques. These
are based on the observation that once the subroutine of
interest has finished executing, control may return direct-
ly to the original calling program rather than to the in-
terim location holding the volatile address of the
subroutine. Implementing this permits savings in both
time and storage, as will be shown.

Approach A involves initially writing hexadecimal 4C
(the JMP op code) into the first of three read/write
memory locations, the second and third of which will be
set dynamically to the actual address of the desired
subroutine, as in Mr Skier's article. The subroutine will
then be summoned correctly by a simple JSR to the
read/write memory location containing the 4C. Return
will be to the main program.

Approach B requires no initialization of read/write
memory, although two consecutive bytes of read/write
memory must be reserved for use as a pointer. The main
program does require three additional bytes containing
hexadecimal 6C (op code for JMP indirect) followed by
the address, low byte first, of the read/write memory
location reserved for the pointer. In use, the pointer will
be loaded (as before) with the actual subroutine address,
and a JSR to the byte containing the 6C will result in the
correct location, execution, and return from the desired
subroutine.

Table 1.

Approach used in Approach A Approach B

article

Time overhead 24 15 17
inps (JSR JSR RTS RTS)  (JSR JMP RTS) (JSR JMPI RTS)
Bytes needed to 8or 10 4or5 0
do initialization
Additional bytes 0 0 3
of program memory
Bytes of read/write 4 3 2
memory required
Bytes required by 4 2 2
stack

Table 1 summarizes the storage and time overhead re-
quirements of these three JSR(I) techniques. For sheer
speed, approach A performs best, while approach B can
save two or three bytes, at a cost of two cycles per in-
vocation. ®

Circle 65 on inquiry card.



2 MByte
TM-100-3 (Single-sided)
Capacity (unformatted):
500K bytes

TPIL: 96 or 100

Tracks per side:

80 maximum

Recording density:
5535 BPI

Access time:

* Track to track: 3ms

* Average: 90 ms

Circie 304 on inquiry card.

At an economy Price

It doesn’t cost anymore to go first class when it’s a Tandon 5%” flexible disk
drive. The reason is simple. We're the recognized leader in mini-floppy read/write
head technology. In fact, our patented, double-sided head design is used by all the
other ma jor mini-floppy suppliers. And, it makes no difference if you buy one or
one-thousand drives, you'll always get the first class price/performance that's
made Tandon first choice among OEMs of word processing, small business sys-
tems, and personal computers. Tandon is rapidly becoming the first name in
mini-floppies because we offer up to one megabyte of storage capacity, the fastest
access time, a choice of single or double-sided recording, and 96 or 100 tracks per
inch. All with proven reliability at an unbeatable price. Because we are the leaders
in head technology, Tandon mini-floppies are designed beginning with the head to
assure dependability throughout each drive. With Tandon, going first class is both
sensible and economical.

landon

9333 Oso Ave.
Chatsworth, California 91311
(213) 993-6644

Heads Above The Rest in Disk Technology

1 MByte

TM-100-4 {Double-sided)
Capacity (unformatted):
LOOOK bytes

TPI: 96 or 100

Tracks per side:

160 maximum
Recording density:
5877 BP!

Access time:

* Track to track: 3 ms

* Average: 90 ms
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Michael Fallgatter, 514 Bethesda Ct, Waukesha WI 53186

The article “Indirect Addressing for the 6502,” by
Kenneth Skier (referenced above), was most interesting,
but I would like to point out that, in the case of indirect
transfers to subroutines, a much faster-running linkage is
possible. Rather than using the linkage routine:

JSR
RTS

variable address

the linkage using the 6502 indirect-jump command

JMP  variable pointer

produces the same result, takes less memory, and cuts the
time required for the transfer of control by over 50%,
from thirty-eight to eighteen machine cycles. Using this
technique and assuming a table of subroutine addresses
residing in a single page of memory, the listings in Mr
Skier’s article become those shown here.

Listing 1: Initiate zero-page bytes

LDA #%6C
STA zero-page byte #1

Write JMP indirect

via pointer to subroutine
address table

LDA #3table page

STA zero-page byte #3

PRINTERS & CRT’S

p
IMPACT PRINTER

L == s649.°

(LIST $699.00)

“The BASE 2 outperforms every printer in
its price range. Do a comparison and see for
yourself..."”

* GRAPHICS « TRACTORS/FRICTION FEED

¢ 2K Input Buffer ® RS-232 Serial, Centronics® Parallel,
IEEE-488, 20 ma » TRS-80 Cable option ® 60 LPM - 100
CPS ¢ 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 ® Horizontal & Vertical tabs ®* Programmable
vertical line spacing ® Intel 8085 Microprocessor — over
40 software commands ¢ 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 66 on inquiry card.

CENTRONICS

Listing 2: Transfer from main program

LDX subroutine #-pointer to address in table
STX zero-page byte #2
JSR  zero-page byte #1

Listing 3: Zero-page linkage routine to create subroutine call

STX zero-page byte #2
JMP indirect, via subroutine address table

Listing 4: Simulate indirect subroutine jump

LDX subroutine #
JSR CALL SUBROUTINE(X)

Finally, since no indexed instructions are involved, the
A register could be used instead of X. Also, there is a very
minimal memory and execution-time penalty paid for
using a nonzero page for the transfer routine.m

Technical Forum is a feature intended as an interactive
dialog on the technology of personal computing. The subject
matter is open-ended, and the intent is to foster discussion |
and communication among readers of BYTE. We ask that all
correspondents supply their full names and addresses to be

| printed with their commentaries. We also ask that cor-
respondents supply their telephone numbers, which will not
be printed.

From Orange Micro

TELEVIDEO CRT’S

PRICES SLASHED!
f TV1912C }
TVI920C

PRINTERS
OKIDATA

Microline 80
witractors

Please Call Toll Free
Prices are too low to
advertise

779wltractors

PAPER TIGER
w/graphics
912 Parallel

912 Serial QUME

Letter Quality 5/45
witractors

toLL FRee (800) 854-8275

CALIF. (714)630-3322

Phone orders WELCOME. Same day
shipment for VISA, MASTER
CHARGE, and AMERICAN EX-
PRESS. Personal checks require 2
weeks to clear. Add 3% for ship-
ping and handling. California resi-
dents add 6%. Manufacturer's
warranty included. Prices subject to
revision.

Call for FREE CATALOG

'Orange
Micro %

3148 E. LaPalma, Suite E
Anaheim, CA 92806
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HAVE WE
s GOT A PROGRAM
FOR YOU!

The new computers are showing off.

Over $50 million worth of equipment in over 100,000
square feet of space, including the latest software and hard-
ware for business, government, home and personal use. Every-
thing the NCC show has and more will be on display, and you can
buy it all right on the spot.

Computers costing $150 to $250,000, mini and micro com-
puters, data- and word-processing equipment, telecommunica-
tions, office machines, peripheral equipment and services from

leading names in the industry like IBM, Xerox, Radio Shack
™ and Apple will all be there.
i There'll be conferences on business uses of small to
medium sized computers, and how to make purchasing
evaluations.
There’ll be robots, computerized video games,
computer art and computer music.
Everyone from kids to people who earntheir liv-
ing with computers will have a greattime atthe larg-
est computer show ever organized in each region.
Admission for adultsis $5. The publicis
invited, and no pre-registration is necessary.
Don't miss the computer show that
mixes business with pleasure. Show
up for the show.

."‘-J- "

|

CHICAGO
McCORMICK PLACE
THURSDAY-SUNDAY

THURSDAY-SUNDAY
SEPTEMBER 18-21

11 AM. TO 9 PM. THURS.-SAT.
11A.M. TO 5 PM. SUN.

Producedby National Computer Shows,

824 Boylston Street, Chestnut Hill. MA 02167.

Telephone (617) 738-2000.

Please send me:

OCTOBER 16-19 BOSTON
WASHINGTON, D.C. 11AM. TO 9 PM. THURS.-SAT. HYNES AUDITORIUM
D.C. ARMORY/STARPLEX I ARMAO.5 RM. ST, PRUDENTIAL CENTER

THURSDAY-SUNDAY
NOVEMBER 20-23

J1A.M. TO 9 PM. THURS.-SAT.
11 A.M. TO 5 PM. SUN.

adult tickets at $5 each. | have enclosed the proper amount of $
O Information on the show's conference program.
OHotelregistration information O Exhibitor rental information

Pleaseprint:Name

Address

BYTE September 1980
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Machine Problem Solving,
Part 1:

Trial-and-Error Search, A Mechanical Plan
to Save the Missionaries

Professor Peter W Frey
Northwestern University
Cresap Neurvscience Laboratory
2021 Sheridan Rd
Evanston [L 6020

Modern computers are famous for their number-
crunching ability. Their facility at inverting a 60 by 60
matrix or at solving a set of linear differential equations is
truly impressive In fact, machines are so good al solving
numerical problems that most of us take these skills for
granted.

Computers are also useful as general-purpose control
devices. Many personal-computing enthusiasts enjoy im-
pressing their neighbors with their machine’s ability to
control lights, water sprinklers, and burglar alarms, and
to take telephone calls and regulate the furnace. Homes
of the future will be completely computerized.

The computer also makes an excellent bookkeeper:
faithfully recording financial transactions, maintaining
mailing lists, and generating timely reminders for impor-
tant meetings. Personal computers also provide many
hours of entertainment for their owners with games of
manual dexterity, games of chance, and simulated battles
among the stars or in dark dungeons. These many uses
provide a clear rationale for the rapidly developing
popularity of the personal computer.

The most exciting application of the computer lies in
still another direction. 1t is as a thinking machine that the
modern computer truly sparks our imagination. When
faced with a problem that has no easy numerical solu-
tion, men have typically discarded their mechanical
calculators and put on their proverbial thinking caps. For
this type of problem, the human brain has always been
superior to mechanical devices. An immense amount of
respect for the human brain can be gained by trying to
program a computer to select the best move in a game
like chess. Even a multimillion-dollar mainframe com-
puter turns out to be a woodpusher when asked to com-
pete against a skilled human player.

Solutions by Searching
When machines confront nonnumerical problems,
their primary weapon in finding a solution is to examine

102  Sepwaber 1980 © OYTE Pablcsions kv

a vast labyrinth of potential outcomes in search of cne
which satisfies the desired conditions. Although this ap-
proach is not very elegant, it is, in fact, highly similar lo
that used by humans. The noted psychologist Donald
Campbell (see reference 1) observed that trial-and-error
search plays a key role in human problem solving: “a
blind-variation-and-selective-survival process is fun-
damental to all inductive achievements, to all genuine in-
creases in knowledge, to all increases in fit of system to
environment.”

It is as a thinking machine that the
modern computer truly sparks our
imagination.

Campbell also concluded that specialized problem-
solving skills such as those observed in an experienced
surgeon or airline pilot are “inductive achievements
achieved criginally by a blind-variation-and-selective-
survival process.” Thus, trialand-error search provides
the cornerstone for human efforts in acquiring new
knowledge.

Search is even more important in solving problems by
computer, With most problems, humans have back-
ground information which can be successfully employed
to direct the solution process. Machines generally lack
this. Problem solving by computer usually requires that
all relevant facts be discovered during the solution pro-
cess. This important difference between human and
machine problem solvers has been addressed by recent
efforts in artificial intelligence. By developing specialized
information Libraries, the computer scientist has created
search programs which are reasonably competent at tasks
such as diagnosing medical problems or developing three-
dimensional models for complex chemical structures. For

Circle 67 on inquiry cord, ===
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The MODEL BOO MST is certainly pleasing to look at, but its true beauty lies beneath the surface. A glimpse at its
featyres reveals why it is rapidly becoming the most sought after printer in the world . . .

e Four standard interfaces: e 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 $4 dots in
e 100 CPS at all six densities half-dot increments -
e Unidirectional or bidirectional printing » Auto form-feed for any form length at any line
e Sixteen horizontal and ten vertical tabs spacing
o Elongated characters in all six densities e Heavy-duty all aluminum chassis
e 1920 chcrccter buffer e 110vac or 220VOC, 50/60HZ
° Uses eifher perforqted or ro“ paper [ ] ]00 m||||on chcrccter printhecd
e Fully adjustable tractors to 9V e Measures only 15" wide, 3" high, and 11" deep
e Auto self-test e Weighs only 15 Ibs.

..... but maybe its most atfractive feafure is the price . . . . . $699.00.

P.O. BOX 3548 FULL.,CAL. 92634 / (714) 992-43449 ]
9 3 - - -




most problem-solving efforts, however, it is much easier
to emphasize search rather than sophisticated pattern
matching.

Games as Problems

Games and puzzles provide excellent sample problems.
Marvin Minsky states that “it is not that the games and
mathematical problems are chosen because they are clear
and simple; rather it is that they give us, for the simplest
initial structures, the greatest complexity, so that one can
engage some really formidable situations after a relative-
ly minimal diversion into programming.” (See reference
2.) Man'’s fascination with intellectual games is not a new
phenomenon. The Dutch scholar Huizinga suggested
many years ago that the human race should have been
named homo ludens (the game player) rather than homo
sapiens.

There are two important aspects of playing a game or
solving a puzzle. The first consists of representing the
problem in a way that permits efficient analysis. The se-
cond involves devising a search technique which is
capable of finding a solution. The first task, finding a
good way to represent the problem, is usually the key to
an elegant solution. Unfortunately, few guidelines exist
that provide a mechanical rule for developing a good
representation. For this reason, problem representation
generally must be devised individually for each game or
puzzle by the human programmer.

The situation is quite different in respect to the search
process. In this case, there are well-developed principles
that have proven useful in many different problem areas.
My purpose in this article will be to focus on the search

NORTHSTAR DISCOUNTS

Quad Drive for Honzon (orig mir) $ 550
Ohl Dens. Drive for Horizon (orig mir) $ 3ih
Single Drive Caliret and power supply (kit) $ M
Horizon 2 dbl dars. drives 32K (asmb) $2750
Horizon 2 quad crives 32¢ (asmb) — $3250
Northstar SOFT-DOC Software Manuzl * 9
Northatar T-SHIRTS (Blue, Orange, S, M, L, XL) $ 5
DYSAN MINIDISKS (10 Sector) Dbl $4.75 e Quad $5.40 ea.
ACT-V CRT TEAMINAL (clearance) $ 795
ANADEX DP-35010, DP-9501 132

column dot matrix printer $1350

Ses LellerGo — DATEK's Word Processing software for
Neorthssar systems, Northstar DOS compatible, easier to use,
and mare powerful than any olher word processing package
Documentation only. 225, Software §400 Dealar inquines
nvited

All items &8 new, and normally in stock. Every hardware item is
burned in and tested by our factory trained technicians before
shipment.

When placing an order, please include a Shipping charge of 1
percent of the lotal (minimum %1 00)

YOU MUST MENTION THIS'AD WHEN PLACING YOUR ORDER TO
RECEIVE THESE PRIGES

DATEK Systems, Inc.

MAIL ORDERS: Box 4146, Arlington, Va. 22204

PHONE ORDERS AND INFORMATION: {703) 243-3770
RETAIL STORE: 4786 Lee Highway, Arlington, Va. 22207

VISA and MASTERCARD accepted.
{Please give card number and exp. date)
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The most basic type of search is called
the trial-and-error search.

process and to consider general techniques that have
broad applicability.

Trial-and-Error Search

The most basic type of search process is called trial-
and-error search. In this case, the problem solver ex-
amines various operations until a sequence is found that
leads to a solution. In primitive implementations, the dif-
ferent options are considered haphazardly rather than be-
ing ordered according to a specific plan. To demonstrate
this approach, we will develop a solution for the
missionaries-and-cannibals problem.

In its traditional form, this probleminvolves three mis-
sionaries and three cannibals who are located on one
bank of a river and wish to cross. A boat is available
which will hold two people and which can be navigated
by one or two people. The special restriction that makes
the problem interesting is that the sequence of river cross-
ings must never result in an arrangement where the can-
nibals outnumber the missionaries on either bank. If the
missionaries are outnumbered, their life expectancy will

. be immediately and permanently shortened.

In determining the number of individuals on each
bank, the persons in the boat when it reaches shore are
considered to be residents of that bank. The object for the
problem solver is to develop a schedule of river crossings
which transports the entire party across without losing
any missionaries.

Representing the Problem

The first step in addressing this problem is to find a
representation that is compatible with a machine
problem-solving approach. For our effort, we would like
to write a program in Level Il BASIC for the Radio Shack
TRS-80 computer. This machine is widely available and
has more than enough power to solve this puzzle. We will
consider the problem in terms of discrete states and
discrete operations. We will not concern ourselves with
the details of paddling a boat across a river, but rather
with the executive decisions, ie: who is to be in the boat
on each journey across.

The state space will consist of a description of the
number and types of occupants on each bank before the
boat makes a crossing or after a crossing is completed.
We will employ a shorthand notation which represents a
missionary by the letter M, a cannibal by the letter C,
the boat by the symbol < =>, and the river by two
vertical lines. Therefore, the character sequence
CCMM | < =>|CM indicates that there are two can-
nibals and two missionaries on the left bank of the river
and one cannibal, one missionary, and the boat on the
right bank. This notation is adequate to describe all
possible states of the problem.

The operations (ie: legal moves) we can perform to
transpose one state into another are quite limited in num-
ber. In fact, there are a maximum of five operations that
can be used, and often only a subset of these will be fea-
sible. The five operations consist of transporting (1) one
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Texas Instruments is looking for unique home computer
programs. If you have some,we can help you turn them
into profit makers.To begin with—-you could win up to $3,000.
You'll still own the programs...we may help you sell them.

One of the most exciting things about the
home computer revolution is discovering
the many ways a computer can be used.

If you’ve been working with small com-
puters for a while, chances are you’ve de-
veloped some innovative application
programs. This is your chance to put
them to work — for a profit.

Texas Instruments is looking for qual-
ity programs. We've created an Author
Incentive Program to make it worth your
while. The award for the top program
will be $3,000. And there are five $1,000
awards, plus twenty $500 awards. All
winners will be recognized with national
publicity. Even if you don’t receive one of
these monetary awards, we may see
enough market potential for your pro-

gram to help you develop it and sell it.

We want programs that offer real util-
ity and lasting value. Programs that are
self-teaching, that communicate on hu-
man terms. After all, the TI Home Com-
puter was designed to be the first home
computer the whole family can use.

TI is interested in education, personal
finance and technical or managerial pro-
grams for professionals. Home manage-
ment programs, hobby and simulation
programs. We prefer that your submis-
sions exclude entertainment packages.

Your entry can be a program you've
created for use on the TI-99/4 or other
microcomputers — in any high-level lan-
guage, from Pascal and BASIC to FOR-
TRAN or COBOL — or even assembly

language. All the way up to 48K RAM.

Keep in mind that programs for the TI
Home Computer can incorporate high-
quality color graphics, music and sound
effects, and TI’s remarkably-human syn-
thesized speech.

To submit an entry, call the toll-free
number below or use the reader ser-
vice card in this magazine. We’ll send you
an entry submission form plus full

For an entry form, call 1-800-858-4565.
Call between 8 a.m.-4:30 p.m. CDT, Mon-Fri. In Texas call 1-800-692-4279.

©1980 Texas Instruments Incorporated
Offer void where Bronibited by law.
Author Incentive Pragram not open to T! employees,
Tl consultants and contractors or their families.

INCORPORATED
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details. Please don't send
anything until you receive | Fifty Years
a,nd f‘l,ll out UL‘LS entry Innoovation
Sform. o

Programs must be in by [7
November 15, 1980 — so
get your entry form soon.

221085



cannibal, (2) two cannibals, (3) one missionary, (4) two
missionaries, or (5) one cannibal and one missionary.
To execute one of these operations in a particular direc-
tion, the boat must be located on the departure bank. In
addition, an operator cannot be applied if the ap-
propriate individuals are not present on the departure
bank. For example, we cannot move two missionaries
from the left bank to the right bank if there are fewer than
two missionaries on the left bank at that point in time.

Programming the Problem

Our program will start with a few “housekeeping”
functions that are necessary even though they have little
to do with the logic of our solution. It is necessary to set
aside 300 bytes of memory for string variables, to inform
the machine that all variables that are not specifically
defined as string variables are to be treated as integer
variables (this saves memory and speeds execution), to
define two special variables (X$ and Y$) for clearing sec-
tions of the video display, and to blank out the entire
screen.

In addition, for our graphic presentations we need a
representation for the boat on the left side of the river
(BL$) and one for the boat on the right side of the river
(BR$). All of this is accomplished in our first two lines
(given here and as part of listing 1; the function STRING$
(n, “X") returns a string consisting of n symbols using the
first character of “X" ):

100 CLEAR 300: DEFINT A-Z:
Y$=STRING$(40,” “): CLS

110 X$=STRING$(9,” '):
BL$="<=>"+X$:BR$=X$+"< =>"

It is also helpful to set up a few arrays to store essential
information. We need to know the position of the boat,
the number of cannibals on the left bank, and the number
of missionaries on the left bank after each river crossing.
This information will be retained in arrays B, C, and M.,
We also need to remember which of the crossing options
(1 cannibal, 2 cannibals, 1 missionary, etc) we have con-
sidered at each choice point in our crossing sequence.
This information is stored numerically by array D and
for graphic purposes in string array MV$. Finally, we
need to specify the crossing options with respect to the
cannibals, array CT, and the missionaries, array MT.
The TRS-80 is instructed to establish these arrays in line
120:

120 DIM B(30), C(30), CT(5), D(30),
M(30), MT(5), MV$(30)

To make the program more interesting, we will
generalize the problem so that the number of travelers
can vary from four to sixteen. The number of travelers
will be represented by the variable N which can be
specified by the user:

130 PRINT@526, “NUMBER OF TRAVELERS
(4 TO 16)";: INPUT N
140 CLS: IF N<4 OR N>16 THEN 130

Line 140 makes sure that the value entered for N is in the
proper range. This is important with the TRS-80 because
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keyboard bounce is apt to provide a value like 122 when
we intended 12. The program would experience difficul-
ties if it attempted execution with N set at a value of 122.

Next, we set the stage properly. First we need a title
(line 150) and then we need a river for our travelers to
cross (line 160):

150 PRINT@24, "MISSIONARIES AND
CANNIBALS";

160 FOR K=4 TO 43: SET (58,K): SET (85,K):
NEXT K

Program Operation
Now it is time to get on with the main act. The initial
number of cannibals on the left bank (CI) is computed as

Listing 1: Trial-and-error solution to the cannibals-and-
missionaries problem, written for the TR5-80 in Level 1l BASIC.

100 CLEAR 300: DEFINT A-Z: Y$=STRING$(40," “): CLS
110 X$=STRING$(9," ") BL$="< =>"+X%:BR$=X$+"< =>"
120 DIM B(30), C(30), CT(5), D(30), M(30), MT(5), MV$(30)
130 PRINT@526, "NUMBER OF TRAVELERS (4 TO 16)";:
INPUT N

140 CLS: IF N<4 OR N> 16 THEN 130

150 PRINT@24, "MISSIONARIES AND CANNIBALS";

160 FOR K =4 TO 43: SET(58,K): SET(85,K): NEXT K

200 CI=INT(N/2): MI=N-CI: BP=1:1=0

210 CL=CI: CR=0: ML=MI: MR=0

220 CT(1)=2: CT(2)=1: CT(3)=0: CT(4)=0: CT(5)=1

230 MT(1)=0: MT(2)=0: MT(3)=2: MT(4)=1: MT(5)=1

300 GOSUB 2000: GOSUB 1000

310 C(I)= CL: M(I)=ML: B(I)=BP

320 IF ML=0 AND CL =0 THEN 700

330 FOR K = 1 TO 800: NEXT K

340I=1+1:D(I)=0

350 D(I)=D(I)+ 1: IF IXI)>3 THEN 600

360 IF BP= — 1 THEN 380

370 IF CL< CT(D(I)) OR ML<MT(D(I)) THEN 350 ELSE 390
380 IF CR<CT(D(I)) OR MR<MT(D(I)) THEN 350

390 CL=CL~-BP*CT(D(I)): CR=CI-CL

400 ML = ML - BP*MT(D(I)): MR =MI - ML: BP= - BP

410 IF ML>0 AND CL>ML THEN 500

420 IF MR>0 AND CR>MR THEN 500 ELSE K =0

430 IF CL=C(K) AND ML =M(K) AND BP=B(K) THEN 500
440 K=K +1: IF K<1 THEN 430

450 A$=STRING$(CT(D(I)),"C"): B$ = STRINGS (MT(D(I)),"M")
460 IF BP= — 1 THEN MVS$(I)=A$+B$+" - >"

ELSE MV§(I)="< ~ "+ A$ +B$

470 GOTO 300

500 BP= - BP: CL=CL +BP*CT(D(I)): CR=CI-CL

510 ML =ML +BP*MT(D(I)): MR =MI - ML: GOTO 350

600 PRINT@960, "BACK UP AND TRY SOMETHING ELSE";
610 I=1-1: IF I< 1 THEN PRINT@ 960, Y$;: GOTO 800
620 CL=C(I-1): CR=CI-CL: ML=M(I-1): MR=MI-ML
630 BP=B(I-1): GOSUB 2000: GOSUB 1000

640 FOR K=1 TO 800: NEXT K

650 PRINT@ 960, Y$;: GOTO 350

700 PRINT@ 960, "SUCCESS";: GOTO 700

800 PRINT@ 64, X$;: PRINT@ 960, "FAILURE";: GOTO 800
1000 IF I=0 THEN RETURN

1010 FOR K=1 TO 14: PRINT@ K*64, X$;: NEXT K

1020 S=1~13: IF S<1 THEN S=1

1030 FORK=5TOL ]=K-S5+1

2000 Z$ = STRING$(8—CR," ") CR$=STRINGS$(CR,"C") +Z$
2010 Z$=STRINGS$(8—-CL," ”'): CL$=23% + STRINGS$(CL,"C")
2020 Z$=STRING$(B—MR," "): MR$ = STRINGS$(MR,"M") + Z$
2030 2$ =STRINGS$(8— ML," “): ML$ =Z$ + STRING$(ML,"M")
20401IF BP=1 THEN B$=BLS$ ELSE B$=BR$

2050 PRINT@ 468, CLS;: PRINT@ 492, CR$;: PRINT@ 478, BS;
2060 PRINT@ 532, MLS$;: PRINT@ 556, MR$;: RETURN
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is the initial number of missionaries on the left bank (MI).
We will assume an equal number of missionaries and can-
nibals when N is even and an extra missionary when N is
odd. (If there were an extra cannibal at the beginning, our
problem would end before we had a chance to try our
first crossing.)

The position of the boat will be indicated by the
variable BP. When the boat is on the left bank, BP will
have a value of 1. A value of —1 will indicate that the
boat is on the right bank. The index reflecting the number
of crossings (I) is set to zero and the values for the
variables indicating the number of cannibals on the left
bank (CL), the number of cannibals on the right bank
(CR), the number of missionaries on the left bank (ML),
and the number of missionaries on the right bank (MR)
are also initialized:

200 CI=INT(N/2): MI=N—-CI: BP=1: I=0
210 CL=CI: CR=0: ML=MI: MR=0

We also wish to specify each crossing option by specify-
ing the number of cannibals (CT) and the number of mis-
sionaries (MT) who are transported:

220 CT(1)=2: CT(2)=1: CT(3)=0: CT(4)=0:
CT(5)=1

230 MT(1)=0: MT(2)=0: MT(3)=2: MT(4)=1:
MT(5)=1

The main loop of our program begins with calls to two
subroutines which handle the graphic display. One

subroutine (which appears later in this article at line
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1000) displays an up-to-date list of the crossings attempt-
ed so far. The other subroutine (line 2000) provides a pic-
torial representation of the current position of the mis-
sionaries, cannibals, and boat. These routines are not
essential for solving the problem, but they add a nice
touch to the program and allow the user to watch the
machine's “thought processes.” These subroutines are in-
voked at line 300:

300 GOSUB 2000: GOSUB 1000

Each time through the loop, it is necessary to make a
permanent record of the current status of our principal
characters:

310 C(I)=CL: M(I)=ML: B(I)=BP
and then to check to see if the problem has been solved:

320 IF ML=0 AND CL=0 THEN 700

If not, we create a brief delay so that the human observer
will not miss any of the action:

330 FOR K=1 TO 800: NEXT K

and then get about our main business, examining the
feasibility of making a particular crossing by increment-
ing I by one and initializing D(I), which keeps track of the
particular crossing option we are trying at each step I in
the crossing sequence. The variable D(I) is then in-
cremented and a test is made to see if we have exhausted
the available options:

340 I=I1+1: D{I)=0
350 D(I)=D(I)+1: IF D(I}> 5 THEN 600

| Testing Options

If all options have been tried without success, the
machine is directed to line 600 and asked to execute a
back-up procedure that tries another option at an earlier
position in the sequence. If we still have a viable option at
this previous value of I, we continue by examining the
particular crossing option which is indicated. First, we
determine the location of the boat (line 360), then make
sure we have a sufficient number of missionaries and can-
nibals on the departure bank to carry out the indicated
crossing (lines 370 and 380), and finally we make the
crossing (lines 390 and 400):

360 IF BP=—1 THEN 380
370 IF CL< CT(D(1)) OR ML<MT(D(I))
THEN 350 ELSE 390
380 IF CR< CT(D(1)) OR MR<MT(D(I)} THEN 350
390 CL=CL--BP*CT(D(I)): CR=CI—-CL
400 ML=ML—BP*MT(D(I}): MR=MI—ML.:
BP= —BP

Next, we check to make sure that the cannibals do not
outnumber the missionaries on either bank. If they do,
we go to line 500 to reverse the crossing, and then to line
350 to select another crossing option:

410 IF ML>0 AND CL> ML THEN 500
420 IF MR>0 AND CR>MR THEN 500 ELSE K=0
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In addition to an insufficient number of the ap-
propriate persons or the threat of cannibalism, there is
another reason for discarding the current crossing plan
and going to line 350 to try another. This third reason has
to do with repetition of a previous state of the system.
We have no desire to create loops which transport the
same individuals back and forth forever. In lines 430 and
440, we check to make sure that the current state has not
occurred previously:

430 IF CL=C(K) AND ML=M(K) AND BP=B(K)
THEN 500
440 K=K +1: IF K<I THEN 430

If our current crossing option passes these three tests,
then we are ready to proceed. The crossing is recorded
for posterity’s sake; then we jump to line 300 to start the
process once again:

450 A$=STRINGH(CT(D(I)),"C"):
B$=STRING$MT(D(1)),”"M")

460 IF BP=—1 THEN MV$()=A%$+B$+"—>"
ELSE MV$(l)="< —"+ A$+B$

470 GOTO 300

Backing Up

This completes the main loop of the program. We have
a few loose ends which need to be taken care of before the
job can be considered finished. When we found that a
crossing option was not feasible either because of can-
nibalism (lines 410 and 420), or because of repetition of a
previous position (lines 430 and 440), the machine was in-
structed to go to line 500 and reverse its previous move.
Line 500 must therefore exist as follows:

500 BP= —BP: CL=CL+BP*CT(D(I}):
CR=CI-CL

510 ML=ML+BP*MT(D(I)):
MR=MI—ML: GOTO 350

After returning to line 350 to try another crossing, we
may find that all five options have been exhausted. If so,
it is time to back up our search and try something dif-
ferent at an earlier point in the crossing sequence. The
back-up instructions start at line 600:

600 PRINT@960, “BACK UP AND TRY
SOMETHING ELSE";

610 I=1—1: IF I1<1 THEN PRINT@ 960,
Y$:;: GOTO 800

620 CL=C(I—1): CR=CI—CL: ML=M(—1):
MR=MI—-ML

630 BP=B(I—1): GOSUB 2000: GOSUB 1000

640 FOR K=1 TO 800: NEXT K

650 PRINT@ 960, Y$;: GOTO 350

The back-up procedure is a little tricky. First, we decre-
ment | by 1, then we set the current status of our main
characters to the way it was before we made the last
crossing. Our objective is to examine another crossing
option at the new value of 1. To do this, the position we
transform must be the situation as it existed before the
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