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SYSTEMS - SOLUTIONS

If you have a problem that can be solved by a computer—we have a systems solution.

® Two central processors with maximum RAM capacities of 56K and 384 K bytes
® Three types of disk drives with capacities of 175K, 1.2M and 16M bytes

® Two dot matrix printers with 80 and 132 line capacity

® A Selectric typewriter interface and a daisy wheel printer

Match these to your exact need, add one or more of our intelligent terminals and put together
a system from one source with guaranteed compatibility in both software and hardware.

Southwest Technical Products systems give you unmatched power, speed and versatility. They
are packaged in custom designed woodgrain finished cabinets. Factory service and support on
the entire system and local service is available in many cities.

SOUTHWEST TECHNICAL PRODUCTS CORPORATION
m 219 W. RHAPSODY
= SAN ANTONIO, TEXAS 78216 (512) 344-0241
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€ Cromemco

Low-cost hard disk computers

are here

11 megabytes of hard disk and 64 kilobytes of fast RAM in a
Z80A computer for under $10K. Two floppy drives, too.
Naturally, it’s from Cromemco.

It's a reality. In Cromemco’s new
Model Z-2H you get all of the above
and even more. With Cromemco you
get it all.

In this new Model Z-2H you get
not only a large-storage Winchester
hard disk drive but also two floppy
disk drives. In the hard disk drive you
get unprecedented storage capacity
at this price—11 megabytes unfor-
matted.

You get speed—both in the 4 MHz
Z80A microprocessor and in the fast
64K RAM which has a chip access
time of only 150 nanoseconds. You
get speed in the computer minimum
instruction execution time of 1 micro-
second. You get speed in the hard
disk transfer rate of 5.6 megabits/sec.

EXPANDABILITY
You get expandability, too. The
high-speed RAM can be expanded to
512 kilobytes if you wish.
And the computer has a full 12-slot
card cage you can use for additional
RAM and interface cards.

BROADEST SOFTWARE SUPPORT

With the Z-2H you also get the
broadest software support in the

Circle B0 on inguiry card.

microcomputer field. Software Cro-
memco is known for. Software like
this:

Extended BASIC

FORTRAN IV

RATFOR (RATional FORtran)
COBOL

Z80 Macro Assembler

Word Processing System
Data Base Management

with more coming all the time.

SMALL, RUGGED, RELIABLE

With all its features the new Z-2H,
including its hard disk drive, is still
housed in just one small cabinet.

Hard disk drive at lower left can be inler-
changed just by sliding oul and disconnecting
plug. Seven free card slots are available.
Z-2H includes printer interface card,

Cromemco

Included in that cabinet, too, is
Cromemco ruggedness and reliability.
Cromemco is time-proved. Our
equipment is a survey winner for
reliability. Of course, there’s Cro-
memco’s all-metal cabinet. Rugged,
solid. And, there’s the heavy-duty
power supply (30A @ 8V, 15A @
+18 V, and 15A @ —18V) for cir-
cuitry you’ll sooner or later want to
plug into those free card slots.

CALL NOW

With its high performance and low
price you KNOW this new Z-2H is
going to be a smash. Look into it
right now. Contact your Cromemco
computer store and get our sales
literature. Find out when you can
see it. Many dealers will be showing
the Z-2H soon—and you’ll want to
be there when they do.

PRESENT CROMEMCO USERS
We've kept you in mind, too. Ask
about the new Model HDD Disk
Drive which can combine with your
present Cromemco computer to give
you up to 22 megabytes of disk
storage.

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

Tomorrow's computers now
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The single card computer

with the features
that help you in real life

COMPLETE COMPUTER

In this advanced card you get a pro-
fessional quality computer that meets
today’s engineering needs. And it's one
that's complete. It lets you be up and
running fast. All you need is a power
supply and your ROM software.

The computer itself is super. Fast
4 MHz operation. Capacity for 8K bytes
of ROM (uses 2716 PROMs which can
be programmed by our new 32K BYTE-
SAVER® PROM card). There's also 1K of
on-board static RAM. Further, you get
straightforward interfacing through an
RS-232 serial interface with ultra-fast
speed of up to 76,800 baud — software
programmable.

Other features include 24 bits of bi-
directional parallel 1/O and five on-
board programmable timers.

Add to that vectored interrupts.

ENORMOUS EXPANDABILITY
Besides all these features the Cro-
memco single card computer gives you
enormous expandability if you ever need
it. And it's easy to expand. First, you
can expand with the new Cromemco
32K BYTESAVER PROM card mentioned
above. Then there’s Cromemco’s broad
line of 5$100-bus-compatible memory
and 1/0 interface cards. Cards with fea-
tures such as relay interface, analog
interface, graphics interface, opto-
isolator input, and A/D and D/A con-
version. RAM and ROM cards, too.

S — m [

Card Cage

EASY TO USE

Another convenience that makes the
Model SCC computer easy to use is our
Z-80 monitor and 3K Control BASIC (in
two ROMs). With this optional software
you're ready to go. The monitor gives
you 12 commands. The BASIC, with 36
commands/functions, will directly ac-
cess |/O ports and memory locations —
and call machine language subroutines.

Finally, to simplify things to the ulti-
mate, we even have convenient card
cages. Rugged card cages. They hold
cards firmly. No jiggling out of sockets,

AVAILABLE NOW/LOW PRICE
The Cromemco Model SCC is avail-
able now at a low price of only $450
factory assembled ($395 kit).
So act today. Get this high-capability
computer working for you right away.

i n ¢ o r p o r a t e d
Specialists in computers and peripherals
280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 e (415) 964-7400
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Building a joystick in-
terface for your computer
system adds a new
physical input dimension.
There are as many dif-
ferent ways to interface a
joystick as there are ap-
plications. Steve Ciarcia
discusses several widely
varying ways to design
Joystick Interfaces.

Page 10

The idea of having a
microcomputer work in a
multiprogramming en-
vironment is becoming a
reality. Already there are
several multiprogram-
ming systems on the
market. Mark Dahmke
provides an Introduction
to Multiprogramming so
we can understand how
these systems operate.

About the Cover

On this issue’s cover, Robert
Tinney has created a “fantasy on
homebrewing.” In the middle of
a sylvan glade, we see the form
of a computer being sculpted by
some homebrewer. A couple of
humanoid forest denizens look
on with wonder, perhaps hoping
to get a glimpse of our home-
brewer on his return to the work-
place.

If you enjoy playing
chess against your com-
puter, but dislike typing
in the moves in abstract
notation, you will be in-
terested in a method of
allowing the computer to
detect moves made on a
real chessboard. Jeff
Teeters devised such a
method and now tells us
how he did it in Interface
a Chessboard to Your
KIM-1.

Page 34

Some Musings On
Hardware Design by
Clayton Ellis provides
readers with background
information on picking
integrated circuits and
using them in homebrew
work.

Although there are
many applications where
a high-speed analog-to-
digital converter is
necessary, many conver-
sion applications can
make do with a slower
conversion. Richard C
Hallgren has built A
Low-Speed Analog-to-
Digital Converter for the
Apple II which he uses as
a real-time data analyzer.

Page 70

When constructing
electronic equipment, it is
imperative that good
Soldering Techniques are
developed. William Trim-
mer presents a photo
essay of good soldering
practices and several ex-
amples of unwanted
techniques.

Page 84

William T Powers
brings his discussion of
The Nature of Robots to
a close by applying the
previously-discussed
techniques and theories in
a simple experiment with
a human subject,

Page 96

The search for the in-
expensive paper-tape

A Harron describes an

Inexpensive, Optical

Paper-Tape Reader.
Page 118

James Albus considers
the mechanisms of choice
in his closing article
about A Model of the
Brain for Robot
Control.

Page 130

A Handy Pulser can
prove to be very useful
when testing a digital cir-
cuit. Bob Chrisp shares
with us his version of a
useful pulse generator.

Page 160

In The AMSAT-
GOLEM-80, Joe Kasser
shows how your com-
puter club (or any other
group of experimenters)
can economically build
an S-100 microcomputer.
The system is modular
and expandable.

Page 182

Performing simple con-
trol functions with your
computer can be easy.
Ken Barbier describes
how to Add Some Con-
trol to Your Computer.
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I've seen Lanier, Vydec,
Xerox, Olivetti, and Wang.
I've chosen WORDSMITH
fromn MICRO DIVERSIONS.

5
(Lt iz,

Congressman Charlie Rose
Chairman, Policy Group

on Information and
Computers

CDOROSMIth”

TEXT EDITOR

Yes, I'd like to learn more about Wordsmith.™ Send me your information packet.

Name
Micro Diversions, Inc.

8455-D Tyco Road,
Address =, wee e b dbpd 0 Vienna, Virginia 22180
City . _ _ = 8 Al (703) 827-0888
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Altos Computer Systems
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10260 Bandley Dr.
Cupertino, CA 95014

Digital Microsystems Inc.
(Formerly Digital Systems)
4448 Piedmont Ave.
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Imsai Mig. Corporation
14860 Wicks Blvd,
San Leandro, CA 94577

Industrial Micro Systems
633 West Katella, Suite L
QOrange, CA 92667

North Star Computer
2547 9th Street
Berkeley, CA 94710

Percom Data
318 Barnes
Garland, TX 75042

Polymorphic Systems
460 Ward Dr.
Santa Barbara, CA 93111

Problem Solver Systems
20834 Lassen Street
Chatsworth, CA 91311

Processor Applications Limited
2801 E. Valley View Avenue
West Covina, CA 91792

SD Sales
3401 W. Kingsley
Garland, TX 75040

Smoke Signal Broadcasting
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Hollywood, CA 90028
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9130 Red Branch Road
Coilumbia. MD 21045
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Thinker Toys
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JA.Shugart
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The Rationale of

Yet Another Homebrew System

by Carl Helmers

In this issue of BYTE, we are placing a special emphasis on the homebrewing
of computers: the craft of assembling the hardware and software of a system
from standard components in nonstandard ways. This month'’s editorial pro-
vides a continuation of notes begun in July on the design and assembly of my
new homebrew 6809 system. In this editorial, we complete the final details of
the physical layout and power supplies of the system, as well as the overall
design of the system. We shall also begin a discussion of the actual processor
card. Future installments in this series on homebrew, general purpose, com-
puter hardware will record details of the system beyond this article’s goal of
defining a backplane bus structure.

As noted earlier (“Editorial,” June 1979 BYTE, page 6), the intent of this
exercise is to develop a specialized controller node for a loosely coupled system
of processors involved with musical applications. The multiple processors ini-
tially contemplated were a Pascal-oriented, large personal computer and an
ALF products model AD-8 music synthesizer with its 6502 used for house-
keeping. In addition to this coordinating task, the 6809 would provide a cen-
tral point for the connection of keyboards, displays and other hardware re-
quired by musical applications.

But ideas change and evolve. Since the 1st installments were written, plans
have become slightly more grandiose with my recent acquisition of a New
England Digital “Synclavier” music synthesizer and its associated Able/60
minicomputer. Located in Norwich VT, New England Digital is a combined
spin-off of the music and electrical engineering departments of Dartmouth
College across the Connecticut river in NH. The computer for the music syn-
thesizer employs the XPL language as its high-level user interaction. The New
England Digital version of XPL is augmented by a floating-point data type.
With the exception of an adaptation of UCSD Pascal, which is expected to be
available soon, all systems software is written in XPL, including what is
described as a 3-pass optimizing XPL compiler.

[XPL is the language described in the book A Compiler Generator, by
McKeeman, Wortman, et al, published circa 1968. The commonly used
microcomputer language PL/M, 1st designed and implemented by Gary
Kildall, is very similar to XPL in syntax and semantics. XPL is a simple subset
of PL/I, with data types restricted to character and integer forms. ]

At this point, I now have a need for multiple processor communications
beyond the level of 1 large machine (a Western Digital P-engine) driving a
smart peripheral through a serial communications link. The smart peripheral
will still handle specialized details like the parallel interface to the older syn-
thesizer and the eventual interface to an electronically controlled player piano.

See photo notes on pages 8 and 9, text continued on page 202
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Hardware Basis...

These photographs depict some further
details of the physical hardware of the
new homebrew 6809 computer system, As
noted earlier, Vector Electronic Co com-
ponents were used for the assembly of a
backplane. Photographs 1 through 5 show
various aspects of the new design's
packaging.

Photo 1: The new computer system's final
physical mounting basis is a mahogony
box with guide blocks for the backplane
assembly. Power supplies are located
underneath the box. Power for the com-
puter and accessories will be controlled by
the standard, household wall switch
mounted on the side of the box. Power
connections to the backplane power buses
will pass through a hole underneath the
backplane in this photo. The hole pro-
vides an exit path for the flow of hot air
from the power supplies.

Individual boards of the system plug
into the backplane from the top as shown
here. The backplane assembly slides into
the grooves of the 2 guide blocks. These
blocks are bolted to the top of the box
using Y4-20 machine-screws and threaded
inserts, The grooves for the backplane
board were cut 1/16th of an inch wide
with a router and edge guide. The wood-
shop tools required to fabricate this case
included a table saw, electric hand drill,
drill press, router, belt sander, sabre saw,
and the usual collection of hand tools.

Photo 2; The power supply modules are
attached to 2 wooden brackets which are
screwed into the main box by means of
14-20 machine-screw threaded inserts.
The power supply modules are mounted
on the brackets using #8-32 threaded in-
serts. Ordinary brass finish door stops
serve as legs to keep the assembly off the
table top, thus allowing natural convec-
tion to cool the power supply modules.

No attempt is made to calculate heating
factors. The inverted cup shape of the box
seems like an excellent trap for heat,
however, the large hole beneath the
backplane assembly at the top of the box
provides a relatively low-impedance
outlet for the heated air from below. If the
temperatures observed under load are
excessive, then a fix will be necessary. Ina
commercial or industrial engineering
situation where production of a product is
contemplated, this “patch up after pro-
blems" strategy is not the recommended
practice due to the possibilities of costly
errors, but for one of a kind products in a
noncommercial and highly experimental
context, it is certainly acceptable and can
economize on time.

Photo 3: (a) Brass machine-screw inserts
to provide metal to wood fastening in the

8 September 1979 © BYTE Publications Inc
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(3a)




(3b)

(4)

assembly of the computer housing. These
particular parts were purchased from the
Brookstone Co Peterborough NH.

(b) When inserting the machine-screw
fasteners into hardwood, better results
were obtained when the hole drilled in the
wood was 1/64th of an inch larger than
the recommended size in the instructions.
A short section of the machine-screw to be
used, together with a hex nut, provide a
tool for driving the insert as shown in this
picture, When using the #8-32 inserts in
hardwood, a slightly larger hole than sug-
gested in the instructions is a necessity.
Unless the extra clearance is given, the
torque on the #8-32 bolt used in driving
the insert will cause the insert to twist
apart after 1 or 2 uses.

Photo 4: The backplane is the first and the
most tiresome wiring involved with

assembly of a small computer, Its defini-
tion is provided by the simple instruc-
tions:

FOR each free socket, pin BY NUMBER
OF each socket,
CONNECT that pin to the same pin
of the next socket in the backplane!

The backplane assembly was described
in the notes of the July 1979 BYTE, page
194. This photo shows the finished
backplane after all wiring and installation
of bypass capacitors has been completed.

Photo 5: The wiring of the backplane, as
well as the rest of this computer, was done
with the Vector Electronic Co’s “slit-N-
wrap” technique. An electric eraser was
used to motorize the connections, with an
adapter custom-made ona small lathe, It is

(5a)

(5b)

recommended that motorized wiring be
employed with the “slit-N-wrap” tech-
nique. In previous experimental elec-
tronics built with this technique, relia-
bility problems were encountered with
manual termination of the wires to wire-
wrap socket posts. Motorized wrapping
with this tool provides a uniform and
higher force for stripping the insulation
off the wire.

At (a) is the adapter: a hollow tube
made from 2 junk box spacers, a #10-32
bolt with a hole drilled through it, a brass
union between the 2 spacers, and a large
brass adapter to which a #10-32 nut is
soldered. (This latter kludge is what hap-
pens when one makes an adapter on a
Sunday afternoon and a #10-32 tap is not
auailable!) At (b) the completed adapter is
mounted in the Bruning Electric Eraser in
a typical use situation,

September 1979 @ BYTE Publications Inc 9



Bisncig's Bircuit Cellar

Copyright © 1979 by Steven
A Ciarcia. All rights reserved.

Joystick Interfaces

Steve Ciarcia
POB 582
Glastonbury CT 06033

Photo 1: A typical joystick with 4 potentiometers.

The thought that often comes to
mind when the word joystick is men-
tioned to a computer enthusiast is of a
spacewar-type game. A photon
torpedo is fired from an opponent'’s
starship, and the thruster joystick is
deftly moved to reposition the craft
out of its path. All of this occurs
without having to take your eyes off
the screen. Eye/hand coordination is
almost “instinctive.” With a glance to
the upper right of the video screen,
the joystick is tilted to the upper-right
corner of its 360° range. This moves
the spacecraft toward that coor-
dinate. Reverse thrust is accomplish-
ed by moving the joystick in the op-
posite direction, as though you are
pulling back on the throttle of a real

10 September 1979 © BYTE Publications Inc

craft. Such is the general experience
with joysticks. However, the poten-
tial use of these devices greatly ex-
ceeds that of game playing.

A joystick, for those people who
are unfamiliar with one, is shown in
photo 1. It is an electromechanical
device with resistance outputs pro-
portional to the X,Y displacement of
a central ball and lever. Photo 2
illustrates the mechanical connections
to the potentiometers.

When the stick is positioned in the
center of its axes, the X and Y poten-
tiometers show resistances in the
center of their ranges. When the stick
is tilted to the upper right, both
potentiometers are at their full-
resistance limit, while the opposite

Photo 2: Note how moving the stick
moves the gimbal arrangement, which in
turn changes the settings of the poten-
tiometers.

(lowest resistance) is true when in the
lower-left position. The outputs of
the 2 potentiometers accurately track,
as if on an X,Y coordinate axis, the
position of the joystick. It should be
noted that while it takes only 2 poten-
tiometers to define 2-dimensional
travel, most joysticks are manufac-
tured with 4 potentiometers. This is a
remnant of the days when joysticks
were connected directly to the 4
deflection-plates of a cathode ray
tube (video screen).

It is one thing to consider inter-
facing a joystick to a computer, and
quite another to do it. A joystick is a
mechanical X,Y positioning device.
Even with proportional output resis-
tances, an input interface must be
designed to convert position from an
analog to a digital representation
which can be used by the computer.
A fturther consideration is the resolu-
tion, or percent, of full-scale travel
per bit sensitivity. Is the application
so gross that center and full-scale are
the only points of interest, as in a
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SYSTEM INCLUDES:

* 2 Siemens 8" Disk Drives

* 1 Cabinet with Fan and
Power Supply.

e 1 Tarbell Floppy Disk Inter-
face, assembled & tested.

e 1 CP/M Disk Operating Sys-
tem.

» 1 Tarbell BASIC.

e All Cables and Connectors.

e Complete User Documenta-
tion.

e Fully factory assembled and
tested.

A %, | $1888.00
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Figure 1: Low-resolution static interface. This interface is for 1 2-potentiometer joystick. For 4-potentiometer joysticks, build a second

circuit like this one, and interface it to another input port. Note that if the comparator does not trigger at full-scale setting, a small
resistor may have to be added at Rx (marked with asterisk),

game control, or is the application
one which requires fine control, such
as a cursor-positioning device in a
high-resolution graphics system?

All joystick interfaces are not
created equal. There is a trade-off
between hardware and software. The
lower the resolution, the fewer the
parts. The higher the resolution, the
greater the electrical complexity or
the software interaction with the in-
terface. It is also important to
recognize that computer systems
which operate only in a high-level
language like BASIC cannot use an
interface design that requires an
assembly language subroutine as an
integral component. In such instances
only a static interface can be used.

Included in this presentation are 4
interface designs which should cover
most requirements, as well as
demonstrate the considerable dif-
ferences between them. The 4 types
are:

@ |ow-resolution static
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® high-resolution fully static
hardware

® software-driven pulse-width
modulated

® high-resolution analog-to-digital

Low-Resolution Static Interface

First of all, static simply means that
the interface hardware determines the
potentiometer position value and pre-
sents it in constant, parallel digital
form to the computer. When the
interface is attached to any parallel
input port, this joystick value can be
read with a single INPUT command
in BASIC. As far as the computer is
concerned, the value is fully static,
and the computer reads whatever
data is there when the INPUT is ex-
ecuted. The interface hardware has
the responsibility of asynchronously
updating the digital value as the stick
is moved.

Often the joystick is simply used to
indicate relative direction and
magnitude. In a wheelchair, for in-
stance, full linear control of speed

and direction would require rather
expensive drive electronics. Most
chairs use simple relay contacts and
provide 2 or 3 selectable speeds. A
joystick control built for this applica-
tion would not have to have a resolu-
tion of 8 bits, but could, in fact, suf-
fice with 2. Figure 1 shows a low-
resolution static output joystick inter-
face suitable for wuse in this
application.

Each potentiometer is connected as
a voltage divider between a reference
voltage source of 3.9 V and ground.
The voltage output of each poten-
tiometer is, in turn, fed to a 2-bit,
parallel analog-to-digital converter.
This type of converter uses 4 com-
parators set for 25%, 50%, 75%, and
100 % of full scale. If a voltage, when
applied, is less than 0.975 V, all com-
parator outputs will be at 0 V. At 1.0
V, corresponding to the joystick be-
ing moved 25% of full scale, the least
significant bit (LSB) of the converter
will be a logic 1, while the other bits
are low. Similarly, at full input all
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theirs.

Oours.

So you didn't think documentation
made a difference.

Sure, MicroSource is flexible, powerful,
versatile. Sure, it's sophisticated yet
simple: the first user-oriented software.
But you may not be aware of the biggest
difference of all. Documentation. The most
extensive in the industry.

Support makes a difference, too. The
support of some of the world's leading
microcomputer people. The support of
stringent field testing and follow up.
The invaluable support of business
software experts dedicated to helping
you manage information in real-world
environments. Not just when you
acquire software, but as you implement,
as you train, as you use Microsource to
solve your contemporary business
problems.

The MicroSource Difference means
dealer support, too: we back every
dealer with our experience, our

knowledge, our integrity. Plus, the
materials and resources he needs to
provide the finest in software solutions
and data base management.

From AutoScribe™, the versatile word
processing package that means
business . . . to Bookkeeper™, designed
by a CPA to produce efficient client
writeups. From the powerful
LedgerPlus™ financial package to
MoneyBelt™, the flexible accounting
system, both for small to medium sized
businesses . . . or small to medium sized
departments of big corporations.
TimeKeeper™ — for the professional
practice or the corporate service
department — bills for time, when time
means money. All MicroSource

is backed by exhaustive operations
manuals, incomparable factory
support, and system expandability. It
runs on North Star, Vector Graphics,
Heath Data Systems, Apple and TRS-80
... before long, CP/M, Cromemco, Data
General and MicroNOVA. Sample the
MicroSource difference.

JVINGINVOWWNIINS O

Ask your dealer about powerful, user-oriented MicroSource software. Or call the telephone number below for the nearest

MicroSource dealer near you.

1425 W. 12th PI. - Tempe, AZ 85281 - 602-894-9247

Circle 222 on inquiry card.
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comparators will be triggered, and
bits 0 thru 3 will be logical 1s.
Additional encoding logic can be
added to produce a true 2-bit
representation from the 4 compara-
tors, but it is just as easy for a com-
puter to interpret it directly. With a

4-bit connection as shown, used in a
BASIC program, 25% of full scale
would be 1 decimal, 50% of full scale
would be 3 decimal, 75% of full scale
would be 7 decimal, and full scale
would be 15 decimal. It should be
easy to trigger any action by a coin-

CLOCK
3 4

cidence with these values. The real
significance of this method is that the
potentiometer position is presented
statically to the computer and re-
quires no other interaction. This
makes it ideal for direct use with
BASIC.
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High-Resolution Static Interface

It is quite possible that 2 bits of
resolution is not enough for your
application, but direct compatibility
with a slow, high-level language is
still a requirement. Expanding the
parallel comparator method will
work in theory, but you must realize
that a 4-bit analog-to-digital con-
verter uses 15 comparators, and an
8-bit, parallel analog-to-digital con-
verter needs 255 comparators! So
much for that method.

Realizing that the output of the
joystick is a variable resistance, we
can use this to advantage. This resis-
tance can set the time constant of a

Number Type +5V GND
IC1 74121 14 T
IC2 74121 14 i
IC3 7486 14 7
IC4 7400 14 7
I1C5 7400 14 7
IC6 7404 14 7
IC7 7493 5 10
IC8 7493 5} 10
IC9 7495 14 7{
IC10 7495 14 Ti
IC11 7493 5 10
IC12 7493 5 10
IC13 7495 14 7
IC14 7495 14 7
IC15 NE555 8 1
+5V
&
<# FREQUENCY Ic15
/2 ADJUSTMENT a NES55
10K
RESET VCC
i DISCHARGE
2 3 ~7.5KHz
3.3K OUTPUT > cLOCK
6 OUTPUT
THRESHOLD
2| 1RIGGER
GROUND  BYPASS
i 5

AT~ O.1pF 0.0luF
p .
I = =

Figure 2: High-resolution, static interface.
Each potentiometer in the joystick con-
trols the pulse width of a one-shot. The
pulse width can vary from 35 ms at full-
scale to 100 pus at 0. If a joystick with 4
potentiometers is used, a duplicate circuit
may be constructed for the 3rd and 4th
potentiometers.

function which has a pulse width pro-
portional to joystick position. Figure
2 illustrates an interface design which
uses this technique.

The 2 joystick potentiometers R1
and R2 control the pulse width of a
one-shot (monostable multivi-
brator). The one-shot has a pulse
width of 35 ms when the poten-
tiometer is at 50 k ohm full scale and
something less than 100 us at 0% of
full scale. A 7.5 kHz clock signal
asynchronously triggers the one-shots.
When the one-shot fires, its duration
is proportional to the joystick posi-
tion and will vary from approxi-
mately 0 to 35 ms. Using midscale
pulse width of 17 ms as an example,
the circuit timing is as in figure 3.

On the leading edge of the one-shot
signal, a clear pulse is generated
through an edge detector configured
7486 device. The clear pulse resets the
2 7493s which form an 8-bit counter.
Once cleared, the counters start
counting clock pulses for the duration
of the one-shot's period. On its trail-
ing edge, a load pulse is generated
which loads this 8-bit count into an
8-bit storage register. The computer is
connected to read this 8-bit value
through a parallel input port. Suc-
cessive clearing and counting opera-
tions update the register every 35 ms
or so (worst case). The clock rate is
7.5 kHz which has a period of 133 pus.
If the one-sho. has a pulse width of 17
ms, then 127 clock pulses would be

gated to the counter. Of a total possi-
ble 255 counts, 127 would represent
50% of full scale.

Software-Driven Interfaces

So far I have discussed only static
interfaces. If the computer used with
the joystick has sufficient speed and
excess computing time available, then
it is reasonable to use the computer to
directly determine the one-shot
period.

Figure 4 shows a circuit which
directly connects to the computer bus
and demonstrates this technique. The
circuit as shown is wired for I/O (in-
put/output) port decimal 255 or
hexadecimal FF. The 4 joystick poten-
tiometers are used as the timing
resistors on 4 NE555-type one-shots.
When an OUT 0, FF is executed in
assembly language, it triggers all 4
one-shots. To keep track of the pulse
widths, a 74125 3-state driver gates
the one-shot outputs onto the data
bus during an IN FF instruction. By
looping through this program a
number of times and keeping track of
the logic levels of the 4 one-shots, the
computer can accurately determine
joystick position in terms of loop
counts of instruction times. Listing 1
is a program which does this for 1
potentiometer.

High-Resolution Analog-to-Digital
While all methods are in some way
analog-to-digital converters, the last

CLOCK I“l” ____________ 7.5 KHz

ONE SHOT Q e _—__‘ 0 TO 35 mSEC
CLEAR =~ 20uSEC

LOAD ] =~ 20uSEC

COUNT O TO 255 PULSES

]

Figure 3: Timing diagram for interface of figure 2. The driving clock signal is 7.5 kHz.
The one-shot can be triggered for periods of 0 to 35 ms, depending upon the position of
the joystick. When a reading is to be taken, the counters are cleared. Counts are made
until the one-shot signal drops, and then a load signal is sent to the interface. At this
point the counter is read to determine the position of the joystick.
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MVI B

ouT FF.0
AGAIN  INR B

IN EE

ANA 01

JNZ AGAIN

HLT

clear B

trigger one-shots

increment B register

read potentiometers

isolate bit 0

continue as long as one-shot is high
value is in B register

Listing 1: A typical assembly language program for using the joystick interface of figure
4. After the one-shots are triggered, the program loops and checks the status of bit 0.
When this bit is set, the conversion value is in register B. This program assumes that
there is only 1 value being checked, and it is being input through bit 0.

method is in fact an 8-bit absolute-
analog-to-digital converter, typical of
the type used in computerized meas-
urement applications. IC1 is an 8-bit

digital-to-analog converter that pro-
duces an output voltage proportional
to a digital input applied to pins 5
thru 12. For a complete explanation
of this device, I refer you to a pre-

The 3 basic sections are a
computer-controlled voltage source
(ICs 1 and 2), an analog-input
multiplexer (IC3) which selects an in-
dividual joystick potentiometer by a
2-bit address code, and a comparator
(IC4) which compares these voltages.
In operation, the digital-to-analog
converter is first set to 0 V out (hexa-
decimal 00 digital input to it) and 1
potentiometer is selected through the
multiplexer. If VO from the digital-to-
analog converter is less than V,, from
the potentiometer, the output will be
logic 0. Next, the digital-to-analog
converter input setting is incre-
mented, and the comparator output is
checked again.

Eventually an input count will be

reached which will exceed V,.. The

Number Type +5V GND  vious “ Ciarcia's Circuit Cellar” arti- comparator output will then be a
Ic1 NE556 14 7 cle, “Control the World” (September logic 1. The digital-to-analog con-
1c2 NE556 14 7 1977 BYTE, page 30). This article also  verter input count is now the value of
1C3 7430 14 7 outlines calibration and test pro- the voltage V;. The worst case re-
1C4 7400 14 - cedures. quires 256 iterations using this
IC5 74125 14 7
R| THRU Ry +5Y
ARE JOYSTICK 2 - ics
POTENTIOMETERS b Lo [iew NES56 THES
£ soxk 3% 2\ >0
+5v 2 THREsggTLPDUT i %
AT |:>-——'— 4 )
! 2 DISCHARGE
2.2K ug CONTROL
0.1uF ]
as [>—2 j; b Tmslian ol
TO a L
- ;
a2 [ >— Lers L Icib
22.2K 9
A0l CR A OUTPUT 5%“ — 0
THRESHOLD 4
12
a0 >—— 2
& 0 Bloischaree |, !
s CONTROL TO0
ic4 :;I;O"”F TRIGGER l COMPUTER
7400 1E 0.01uF DATA
3 BUS
+5y
4 Q
g Ic2
/0 s| ab b ;yf:gK 2ok | €20 5 NESSE 9[‘\3
: OUTRUT 5c >0
Ly 21 THRESHOLD Ifm 2
L DISCHARGE 3 b
Ee CONTROL |
j; il TRIGGER |
]s ;;o.mﬁ
Th +5V
e 4
AT A g icen
BU P4 322K
" ek 12 output |2 '2I§\“ > b3
THRESHOLD 13
13| DISCHARGE ii L.
e CONTROL
;J;O"”F TRIGGER
—I'B 0.0l uF
5 5
1 5
1/0 o] 4¢
Laeap &>—— 1

Figure 4: Software-driven interface. If the computer can directly read the input from the joystick interface, the hardware required can
be greatly simplified. When hexadecimal FF is output to port 0, all 4 one-shots are triggered. The pulse width is then determined by a
program running through a short loop looking at the logic levels of the 4 one-shots. Listing 1 shows a typical program for this

application.
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New Heathkit® H89
All-In-One Computer

Heath takes the risk out of selecting a
balanced computer system. Now, video
terminal, floppy, keyboard and 8-bit
computer are brought together in one
self-contained, compact unit. Nothing
hangs out.

Two Z80’s

The personal computer has never been
simpler. Or smarter. Two Z80 microproc-
essors mean terminal never shares pow-
er with computer, as do most desk-top
units. So this terminal is capable of a
multitude of high-speed functions, all
controllable by keyboard or software.

102K bytes sto.rage

Built-in floppy disk system gives you fast
access to programs and data. Each 5%s-
inch diskette has more than 102K bytes
of storage area, enough to hold entire
files. The All-In-One comes with 16K
RAM, expandable to 48K.

Hundreds of uses at
home or work

The All-In-One Computer runs programs
written in MICROSOFT™ BASIC and
ASSEMBLER Languages. And it accepts all
current software written for the popular
Heathkit HB computer. You can choose
from scores of practical programs for
home and business.

R LR RN NN ATy

Learn by building

What better way to learn about comput-
ers than to build one yourself? The All-
In-One is available in easy-to-build kit
form, as well as completely assembled.
Like all Heath electronic kits, it comes to
you with its own easy-to-follow assem-
bly manual and a nationwide network of
service centers to assure smooth sailing.

FREE CATALOG

For complete details on the
Heathkit H89 All-In-One
Computer and nearly 400
other electronic kits for your
home, work or pleasure, send
today for the latest Heathkit
Catalog of values.

*$1195 without floppy. Mail order kit price, F.O.B. Benton Harbor, MI, Also available at Heathkit Electronic Centers at slightly higher prices. Prices subject to change

without notice.

Heathkit

CP-165

HEATH COMPANY, DEPT. 334-570, BENTON HARBOR, Ml 49022

Circle 216 on inquiry card.
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Number Type +5VGND +15V 415V
DIGITAL-TO-ANALOG CONVERTER
IC1 MC1408-L8 NS 3
IC2 LM301A 4 7
IC3 CD4051 4 8 i
IC4 LM301A 4 7 . T 4:rF
1
+*
(uF IN823A
:J: 2 6.2V %
FROM COMPUTER FULL
OUTPUT PORT | SCALE OFFSET
ADJUST ADJUST
1.8K ek et 2.2K 2.7K
MsB_§ 14 A ® A A AAN o ARA
B7 [o>—m +VREF i Wi
B [ 6 _L i —1 > Vour
B
85 7 icl I i
= = MCI408LS LM30iA
e ———0
4
2 I
10 I5
82 D— =~ VREF | DIGITAL TO ANALOG CONVERTER
1 SET FOR 0 TO 2.56V
B [ 3.3K
LSB 12 RANGE |
B > CONTROL
COMIT:N COMPARATOR
33pF
I TO COMPUTER
INPUT PORT |
-5V
—{ > 8¢
JOYSTICK MULTIPLEX
Vin
FROM COMPUTER
OUTPUT PORT 2
VREF VReF = 2.56V
o
B gy out 2
I B a——)
8o >—— A I SR and resolution relative to the other
Trgpliee methods.
B OF 7 You should now realize that both
ia Ir L R, the design and construction of a
IN2 g —*< |00K joystick interface are influenced by
1c3 S many factors. It is not unusual to find
cD405! . one manufacturer charging $50 for a
O A B e joystick, while another charges $200.
' Resolution, accuracy, and software
SECOND PAIR OF | 7 ; h - id
pOTENT,OMETERS: 777 interaction are the prime considera-
na b i _sRq  tions. Where static inputs are re-
Tl Iy Sl ;'00" quired, the hardware will necessarily

Figure 5: High-resolution analog-to-digital conversion. This hardware-oriented device
multiplexes 4 voltage inputs (from the joystick potentiometers) and has the capability of

handling 4 more voltages.

method. A better technique is suc-
cessive approximation where the
computer progresses through a
binary search to “zero in"” on the final
value. A full explanation of suc-
cessive approximation is delineated in
my article entitled “Talk to Me: Add
a Voice to Your Computer for $35”
(June 1978 BYTE, page 142).
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With the digital-to-analog con-
verter set for a full-scale value of 2.56
V, each count is equivalent to 10 mV.
Only 4 channels of the CD4051 are
used for the joysticks, leaving
another 4 channels as auxiliary inputs
from external sources. Thus it is
possible for this interface to serve a

dual role because of its high accuracy

be more complicated. Resolution and
accuracy ultimately determine the
complexity of the interface.

For simple spacewar-type games,
the circuit of figure 1 should suffice.
For more demanding applications
such as cursor control in a high-
resolution graphics system, figure 5
may be the optimum choice. Be
careful when buying joystick inter-
faces. Make sure that they mate with
your program requirements and your
system's abilities.

Next month's “Circuit Cellar”
feature will discuss a stand-alone,
light-emitting diode display board. m



“Our invento
Think we'd

IS our exds(ence.
trust it to ant

less

than Scotch Brand Diskettes?”

Don Stone, President,
Mass. Auto Supply Company,
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 Canada Inc.,
London, Ontario, N6A 4T1.

If it’s worth remembering,
it’s worth Scotch
Data Recording Products.

Circle 368 on inquiry card.
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Introduction to
Multiprogramming

Multiprogramming has usually
been considered out of reach of the
average personal computer experi-
menter using a small or medium scale
computer. Actually, anyone with a
processor above the level of an 8008
can operate a multiprogram or
multiuser system. The original pur-
pose of multiprogramming was to
allow more than 1 user to take advan-
tage of a computer simultaneously.
This increased the productivity of the
machine by allowing programs to run
while other programs were awaiting
user input, access to a disk, etc,

This may seem to conflict with the
advantages inherent in micro-
processor based systems (single user
systems and low cost). However,
there are many instances where the
ability to run more than 1 program at
a time may be advantageous. Note
that the statement “more than 1 pro-
gram may run at a time” does not
mean simultaneous execution. That is
the definition of multiprocessing
(more than 1 processor on the bus),
not multiprogramming.

To describe multiprogramming
more effectively, 1 shall refer to a
more well-known function in com-
puters: real-time interrupts. Suppose
we are using a microcomputer to
manage the environment in a small
office building. Normally we want to
continually poll (scan) the sensors
that are distributed throughout the
building and adjust heating, cooling
and lights on the basis of temperature
and time of day. Let us say that

20 September 1979 © BYTE Publications Inc

Mark Dahmke
8312 Selleck
600 N 15th St
Lincoln NE 68508

during normal operation, someone in
the building wants to change the
temperature of an office.

One way to do this is to have a
video terminal and keyboard attach-
ed to the system that generates an in-
terrupt when a keyboard request is
made. Upon receiving the interrupt,
the computer saves the status of the
current program and enters or trans-
fers control to the keyboard read
routine. As soon as the user has made
the desired change, the system loads
the old status information and returns
to the original program. This same in-
terrupt technique could be used to
design a time shared system that
would allow several terminals to be
hooked up to a processor. Each ter-
minal would generate an interrupt,
and whichever program was active
would be put in a wait state. This
arrangement only works well for a
few terminals, though. You can ima-
gine what would happen if everyone
happened to press a key at the same
time.

Figure 1 shows timing comparisons
of several modes of operation already
discussed. In figure 1a 2 independent
processors are shown, each doing
something different and neither in-
terfering with the other. This is
known as multiprocessing. The pro-
cessors may or may not be sharing
I[/O(input/output) terminals or
memory.

In figure 1b 2 processors are shown
in a master-slave arrangement,
Perhaps the slave processor performs

floating point arithmetic or some
complex 1/O function. The master
processor can give the slave processor
commands via an interrupt and con-
tinue other processing until the slave
informs it that it has finished the
desired operation.

Figure 1c shows a single processor
with an interrupt being applied. The
processor temporarily gives control
to the routine specified by the inter-
rupt hardware and begins executing
it. When complete, it returns control
to the main program. Figure 1d shows
the multiterminal timeshare system.
Usually the interrupt hardware con-
tains provisions for daisy chaining or
prioritizing the interrupts as they
come in. Thus, if terminal 6 applies
an interrupt and the processor is busy
with terminal 7, terminal 6 is not
allowed to interrupt the processor
until terminal 7 is finished.

Using multiprogramming is like
using real-time interrupts. A multi-
programmed system uses interrupts,
but in a more efficient way. Imagine a
simple 2 program situation. Suppose
program A is running and no other

About the Author

Mark Dahmbke is currently employed by the
University of Nebraska Computer Network as
a programmer/analyst in the Academic Com-
puting Services section. He is also a senior
computer science major. At home, Mark owns
an 8080 based system with 32 K bytes of
memory and dual iCOM floppy disk drives.
His work involves graphics, electronics,
writing, systems programming and speech syn-
thesis.
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*>—  ALTOS presents a new standard
in quality and reliability

WE'RE ALTOS COMPUTER SYSTEMS. Our SUN-SERIES A CS8000 business/scientific
computer creates a new standard in quality and reliability in high technology computers.

HIGH TECHNOLOGY The ACS8000 is a single board,
Z80®* disk-based computer. It utilizes the ultra-reliable
Shugart family of 8 inch, IBM compatible, disk drives. A
choice of drives is available: single or double density, single or
double sided. Select the disk capacity you need, when you
need it: M, 1M, 2M, or 4M bytes. The ACS8000 features
the ultimate in high technology hardware: a fast 4 MHz Z80
CPU, 64 kilobytes of 16K dynamic RAM, 1 kilobyte of 2708
EPROM, an AMD 9511 floating point processor, a Western
Digital floppy disk controller, a Z80 direct memory access,
Z80 Parallel and Serial I/O (two serial RS232 ports, 1 parallel
port), and a Z80 CTC Programmable Counter/Timer (real time
clock). In essence, the best in integrated circuit technology.

ALTO)

COMPUTER SYSTEMS

BUILT-IN RELIABILITY The ACS8000 is a true single
board computer. This makes it inherently reliable and main-
tainable. The board and the two Shugart drives are easily ac-
cessible and can be removed in less than five minutes. All elec-
tronics are socketed for quick replacement. Altos provides
complete diagnostic utility software for drives and memory.

QUALITY SOFTWARE Unlimited versatility. The ACS
8000 supports the widely accepted CP/M® ** disk operating
system and FOUR high level languages: BASIC, COBOL,
PASCAL and FORTRAN IV, All available NOW,

PRICE ACS 8000-1, single density, single-sided ['/z Mb] $3,840

ACS 8000-2, double density, single-sided [1 Mb] $4,500

ACS 8000-3, single density, double-sided [1 Mb] $4,800

ACS 8000-4, double density, double-sided [2 Mb] $5,300

Brackets show disk capacity per standard two drive system. All

models come standard with 32 Kb RAM and two 8” disk drives as

shown above. Expansion to 64 Kb is $363 per 16 Kb. FPP, DMA,

software optional. Dealer/OEM discounts available. Delivery: 30
days ARO, all models.

*Z80 is o trademark of Zilog. Inc.
**CP/M is a trademark of Digital Research, Inc

Circle 6 on inquiry card.
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programs have been started. Then a
user initiates (loads) another program
called B. How will program B gain
control of the system so that it might
start to execute?

The process of passing control
from one program to the next is
usually handled by an operating
system module referred to as an inter-
rupt call routine. Normally, to save
the programmer the trouble of
making sure that this routine gets
called at regular intervals, the routine
is usually imbedded in many of the
1/0 driver routines or other standard
utility subroutines on a system. Note
that this technique will in no way
upset any of the flags or registers of
the routine it is called from.

This interrupt call program will:

1. Determine if any other programs
are waiting to execute.

2. If so, save all registers and flags on
the stack and save the address of
the current program's stack
pointer in a special table in
memory.

3. Load the new program’s stack
pointer from the table, pop all
registers and flags off the stack.

4, Return to the new program.

Loading the new stack pointer
raises some interesting questions. If
program B has not yet begun, how
could its registers have been pushed
onto its stack? Figure 2 shows the
stacks of both programs as they
would be at each step in the previous-
ly described interrupt call routine.
Part of the job of the routine that in-
itialized program B is to set up a
dummy stack and stack pointer such
that the program counter address on
the top of the stack contains the entry

point of program B. Thus, when the
interrupt call routine reaches step 4, it
will execute a return instruction, then
pop the entry point address off the
stack and begin executing program B.
When the interrupt routine is called
again, it will see that program A is
waiting and will save all of program
B's registers and flags, swap stack
pointers and return to program A at
the point where it was first inter-
rupted.

All this activity will take place
every time the interrupt routine is
called, but if one of the programs gets
caught in an infinite loop, the inter-
rupt call routine may not get called.
The simplest way to avoid this kind
of problem is to add some hardware
to provide external timed interrupts.
As shown in figure 3, the interrupt
timer is set to provide an interrupt
every 10 ms. A reset line is provided

PROCESSOR |
PROGRAM A 10 PROGRAM A4 10 PROGRAM A 10 PROGRAM A 10 PROGRAM A 10 /
(a) PROCESSOR 2
10 PROGRAM B 10 PROGRAM B 1o PROGRAM B 10 PROGRAM B 10 PROGRAM B 10 PROGRAM B 10 2
MASTER
PROGRAM A
PROGRAM & CONTINUES PROGRAM A
OTHER WORK
(b) SLAVE PROGRAM INITIATED SLAVE SENDS READY SIGNAL
SLAVE L
INACTIVE OR PROGRAM A A
DOING OTHER WORK R e ey INACTIVE OR DOING OTHER WORK
EXTERNAL INTERRUPT
/—OCCURS
fel PROGRAM A INTERRUPT ROUTINE PROGRAM A RESUMED ?
(d) OPERATING TERMINAL O OPERATING TERMINAL 7 TERMINAL & TERMINAL 7 TERMINAL & OPERATING
SYSTEM SERVICED SYSTEM SERVICED SERVICED COMPLETED COMPLETED SYSTEM

TIME

Figure 1: Timing diagrams for 4 different system organizations. Figure 1a is a multiprocessing example using 2 independent pro-
cessors. Figure 1b is a multiprocessing example using 2 processors connected in a master-slave configuration. Figure Ic is a single pro-
cessor with 1 level of interrupt. Figure 1d is a single processor with 8 levels of interrupts. Each of the 8 levels is activated by 1 of 8 ter-

minals.
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Figure 2: Arrangement of all stacks and stack pointers at each interval of an interrupt call routine.

in the event that the interrupt routine
is manually called (through the soft-
ware method). The timer may be
reset to give the program its full 10
ms. A disable line is provided to
allow the user to turn off the timer for
special applications (software timing)
in which the processor must not be in-
terrupted.

Figure 4 shows our previous exam-
ple of figure 1, but with the extra
hardware generated interrupts added.
In figure 4a some software interrupts
are mixed in with the hardware inter-
rupts. The timer is reset after each call
to the interrupt routine. Figure 4b is
the same except that the timer is not
reset after each call.

A Complete System

There are limitless ways to go
about developing a computer system
that will be easy to use. A look at the
current market shows this to be true,
perhaps even to a greater extent on
the small systems level. I will not at-
tempt to describe all possible varia-
tions available on a multiprogram-

ming system, but I will try to give as
generalized a view as possible.

First, we must consider what is
necessary to make a useful system.

The following are essential:

1. Some form of operating system
that allows simplified user com-

I0KHZ
|
il
q»—Do—-——Do—o
4700 4704
(THREE STATE}
K ARRY 10mS
cLoc +10 £ £10 ns [N TO INTERRUPT
LINE OF
PROCESSOR
Im.s.nn CLEAR
DRESET
a
> ENABLE RESET
D FLIP-FLOP
0
D DISABLE |

Figure 3: Simple hardware interrupt timer set for 10 ms intervals.
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TIMER RESET
BY SOFTWARE

TIMER RESET
BY SOFTWARE
TIMER RESET
BY SOFTWARE

(a/ PROGRAM A PROGRAM B FPROGRAM A PROGRAM B PROGRAM A PROGRAM B PROGRAM A PROGRAM B/
TIMER TIMER 10 TIMER TIMER 10 10
INTERRUPT INTERRUPT INTERRUPT INTERRUPT INTERRUPT INTERRUPT INTERRUPT
CALL CALL CALL
TIMER TIMER
NOT RESET NOT RESET
(b) PROGRAM A PROGRAM B PROGRAM A B PROGRAM A FPROGRAM B A PROGRAM B PROGRAM A ?
10 10
TIMER TIMER INTERRUPT TIMER INTERRUPT TIMER {v]
INTERRUPT INTERRUPT CALL INTERRUPT CALL INTERRUPT INTERRUPT
TIMER TIMER CALL
INTERRUPT INTERRUPT
TIME

Figure 4: Interrupt timing example of figure 1 reviewed with the addition of a hardware timer. The timer may be used in 2 ways: The
example in figure 4a resets the timer on each interrupt call. This allows each program to receive its full 10 ms time slot. The example in
figure 4b does not reset the timer. Therefore, a hardware interrupt occurs every 10 ms.

munications (ie: BASIC, DOS,
CPM),
2. Convenient mass storage /0O

(cassette or disk).
3. Sufficient memory to handle all
programs.

Another consideration might be the
internal architecture of the processor,
but that is another level of problem,

Figure 5 shows the memory layout
of a typical multiprogramming
system. To maintain a simple system,
I have combined the operating system

with the timesharing routines that
support all terminals (video displays,
keyboards and teletypewriters). This
means that each time the operating
system gains control (through an
interrupt call or timer interrupt), it
will complete its own activity and
then transfer control to the time-
sharing program for the remainder of
the time slot. If the operating system
is given highest priority, the response
times of the terminals should not suf-
fer. The operation of the timeshare
program can be treated as a multi-

BOOTSTRAP INTERRUPT
LOADER ROUTINE TIME- ALL 1/0
SHARING ROUTINES
SUPPORT
PROGRAM
OPERATING
M
SYSTEM (0} STACK O
STACK |
USER PROGRAM |
STACK 2
USER PROGRAM 2

Figure 5: System geography of a typical multiprogramming system with space for the

operating systern and 2 other programs.
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program system in miniature, where
each terminal is given a time slot, or it
may be designed to simply scan the
terminals, choosing a new terminal
each time it is given control.

Controlling 1/0

Many programmers have dis-
covered the convenience of vectoring
all I/0O through 1 subroutine; this
simplifies programming greatly and
makes system changes much easier.
Typically, 1 subroutine will accept an
operand (if necessary) and an
operator function code passed from
the main program and will decide
which 1/0 function to perform. In
my hypothetical computer, this ap-
proach will be used. Note that in
some large computer systems, the
1/0O driver programs can only be ac-
cessed by executing a special kind of
interrupt call that informs the
operating system that the user’s pro-
gram desires to perform some kind of
input or output operation. The oper-
ating system then takes charge, per-
forms the 1/0O for the program in
question, and returns pointers telling
where the input data was stored in
memory or that the requested output
function has been completed.

This type of I/O handling is neces-
sary because the 1/O controllers are
extremely complex and are capable of
performing an entire 1/O operation

Circle 9 on inquiry card.=—p-
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In California, a store owner charts sales on his Apple
Computer. On weekends though, he totes Apple home to help
plan family finances with his wife. And for the kids to explore
the new world of personal computers.

A hobbyist in Michigan starts a local Apple
Computer Club, to challenge other members
to computer games of skill and to
trade programs.

Innovative folks everywhere
have discovered that the era of the
personal computer has already
begun—with Apple.

Educators and students use Apple
in the classroom, Businessmen trust
Apple with the books. Parents are
making Apple the newest family pastime. And kids of all
ages are learning how much fun computers can be.

Visit your local computer store

The excitement starts in your local computer store, It's

a friendly place, owned by one of your neighbors. He'll show
you exactly what you can use a personal computer for.

What to look for

Your neighborhood computer store has several
different brands to show you. Chances are the salesman will
recommend an Apple Computer. Apple’s the one you can
program yourself. So there’s no limit to the things you can
do. The more you use your Apple the more uses you'll
discover. So it's important that Apple is the computer with
more expansion capability. You can’t outgrow Apple.

It’s your move

Grab a piece of the future for yourself—we’'ll give
you the address of the Apple dealer nearest you when
you call our toll-free number. Then drop by
and sink your teeth into an Apple. ‘ .

(800) 538-9696. w‘“ A
“ A

In California,
(800) 662-9238.



without processor intervention. In
fact, it would be very inefficient to
make the processor of a large system
perform these menial tasks when it
could be working on more important
programs, In microcomputer systems
we are not normally concerned with
the optimization of [/O functions and
it does not really hurt performance to
have the processor perform most of
the 1/0. Consequently, the [/O
driver routines in the system I am
describing will not be considered as
part of the operating system. They
are just utility subroutines that may
be called by the user’s program,

Defining the Necessary Tables

With only 2 programs very few, if
any tables are needed to tell the inter-
rupt routine which program was ac-
tive at the instant the system was in-
terrupted and which program is next
in line. But imagine a system capable
of supporting 10 or more programs:
some form of priority scheduling will
be needed, as well as a table to hold
all of the stack pointers of the inactive
programs.

To handle the list of programs
(herein referred to as tasks), we must
define a task control table that keeps
track of a number of pointers and
descriptors. First, each entry will
begin with the task number that uni-
quely defines each task. Next, we will
include the priority of the task on an
arbitrary scale of 0 to 10, It will then
get the processor before a task of
lower priority (10 is highest). If 2
tasks have the same priority, the first
one in line in the task control table
will get control. The task control
table must also keep track of the last
value of the stack of each task and
whether or not the task may be inter-
rupted (in the case of critical timing
loops).

Another important status byte that
must be kept is the current activity
indicator. This byte contains the task
number of the currently active task.
Now let us assume that we have 3 dif-
ferent tasks running and all have been
initialized (stored in the task control
table). The first task has a task
number of 0 and a priority of 10.
Generally the operating system is

8P2SM PARALLEL/SERIAL 1I/O BOARD
WITH MODEM

)
PARALLEL PORTS:
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given the task number 0 designation.
Since the operating system and
timeshare program (user terminals)
are considered one big program in
this example, task 0 is also the
designation of the timeshare system.
Task 1 is a program that one of the
users submitted (initiated) from a ter-
minal; it has a priority of 10. Task 2
was also loaded and initiated by a
user through the timeshare terminals,
and it has a priority of 10.

Imagine that the timeshare pro-
gram calls the 1/O driver program to
write a character out to a terminal.
Since there could be many terminals
connected to the system, how does
the program know which one to write
to? It would be very inefficient to
have different routines for each
device, but the only way that a pro-
gram could tell the /O driver which
specific display to write to is for the
calling program to know the physical
address of that terminal. Passing the
actual address of the device ruins the
neatness of the 1/0 routine, though.
It is more convenient to specify the
function to be performed (1 = write
to video display; 2 = read keyboard;
3 = write to cassette; 4 = read
cassette),

The solution is to have another en-
try in the task control table called a
communications control block
pointer that points to the location of
the communications control block for
the particular task. Since each task is
given its own block, the user may
define his or her own functions and
addresses. Thus each program may
have its own video display, key-
board, cassette interface and disk.
The communications control block
contains a list of function numbers,
the address of the I/O port or
memory mapped port, and the ad-
dress of the I/0O subroutine that will
perform the operation. Figure 6
shows the arrangement of all tables.

Starting and Stopping

To initialize a new task, the user
adds entries to the appropriate tables
through a console command and
causes a dummy stack and stack
pointer to be created, To stop a task,
the last thing done in the task is to call
a subroutine that would remove its
task control table entry. This is
equivalent to a CALL EXIT in FOR-
TRAN found on many larger
systems.



North Star Announces —

Double Density x 2 Sides = Quad Capacity!

The North Star Horizon now delivers quad capacity by using two-sided
recording on our new mini drives! That’s 360,000 bytes per disketfte! A four
drive North Star system accesses over 1.4 megabytes of information on-line!
Think of the application flexibility that so much information storage can
glve youl

North Star has quadrupled the disk capacity of the Horizon computer but
prices have increased a modest 15 percent. On a dollar per byte basls,
that’s a bargain that is hard to beat!

The proven North Star disk controller was originally designed to
accommodate the two-sided drives. North Star DOS and BASIC are
upgraded to handle the new capacity, yet still run existing programs with
little or no change. Of course, single sided diskettes are compatible with the
new disk system.

North Star Horizon Computer
Prices (includes 32K RAM, one
parallel and two serial 1/0
ports), assembled, burned-in
and fested:
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Figure 6: Control table organization. The current activity indicator contains the task number of the active task. The task control table
contains the task number, task priority, last value of stack pointer, interrupt status flag (1 for yes, 0 for no interrupts), and the
pointer to the task’'s communications control block. The communications control block contains the 1/O (input/output) function
code, address of I/0 driver routine associated with the function code, and the 1/O port or memory mapped address assigned to the
task for the particular function. One entry is provided for each function code used in the task. The owner of the task may add entries

to the communications control block for specialized 1/O driver requirements.

Example

The easiest way to show how all
tables and pointers affect each other
and the system is to observe them
during a short period of machine ac-
tivity. As we begin, task 0 (the
operating system and timeshare
routines) has control, and a timer
interrupt is occurring. There are 2
other tasks in memory: task 1 has
priority 5 and task 2 has priority 4.

First, as the interrupt routine is
entered it saves all registers and flags
of task 0 on stack 0 and saves the task
0 stack pointer in the task 0 task con-
trol table entry (see figure 7). Next, it
scans the task control table for the
task of next highest priority, moves
the new task number (task 1) to the
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current activity indicator, moves the
task 1 stack pointer from the task
control table to the processor’s stack
pointer, pops all of task 1's registers
and flags off of stack 1, and executes
a return, which has the effect of pop-
ping the program counter and jump-
ing to that address.

Task 1, while executing, en-
counters a call to the 1/O driver
routine with a request for a keyboard
input (see figure 8). When the [/O
driver routine is entered, it scans the
task control table to find the com-
munication control block pointer
entry for task 1 (the routine deter-
mines which task called it by looking
at the current activity indicator), then
scans the communication control

block for the function number entry
corresponding to the one passed by
the main program. Even though the
computer may have 5 or more key-
boards attached to it, the port address
found in the communication control
block gives it the address of the
keyboard assigned to task 1.

Since the keyboard read routine is
a common one, the address referred
to in the communication control
block points to a subroutine located
within the operating system area.
Note that if the user had need for
some special 1/O subroutine, ‘he
could locate it in his own memory
area and put the address in his com-
munication control block as another
function code.



Returning to the example, the
keyboard read subroutine is called
from the I[/O driver, reads the
keyboard port assigned to task 1, and
returns to the I/O driver with the
ASCII code. The [/O driver returns
to the main program with the ASCII
code in a register or memory loca-
tion. In figure 9 the next timer inter-
rupt has occurred, so control returns
to the interrupt handler routine,
Again, the interrupt routine saves all
registers and flags of task 1 on stack
1, looks at the current activity in-
dicator to see which program was last
active, saves the stack pointer in the
task 1 task control table entry, scans
the task control table for the next
highest priority task, and finds that
task 2 should get control. The stack
pointer for task 2 is loaded from the
task control table, all registers and
flags are popped off of stack 2 and
again a return is executed that causes
task 2 to take control.

In the next step (shown in figure
10), task 2 has encountered the
equivalent of a CALL EXIT or STOP
command and has finished process-
ing. This CALL EXIT calls a ter-
minator routine which again finds out
who called it (via the current activity
indicator) and simply eradicates the
task control table entry for that task.
To keep things neat, all succeeding
table entries are moved up 1 notch.
Then, control is returned to the inter-
rupt handler, which will find the next
task in line. In this case, since no
other tasks of lower priority are
waiting, control is returned to the
highest priority task 0.

Error Handling

On a single program system, error
handling is something that the user
can watch for manually. When
several programs are running, the
system must have routines to handle
errors rapidly so that other programs
will not be slowed down or
destroyed. There are many common
errors that are relatively easy to deal
with. Executing an invalid op code or
forgetting to put in the 2nd or 3rd
byte of a multibyte op code can be
handled through a simple system
restart (through the interrupt handler
routine) without losing continuity.
But what about a program loop that
accidentally destroys part or all of
another user’s program? On an IBM
360, all memory blocks assigned to a

= TRANSFER OF CONTROL
= DATA OR POINTERS

BOOTSTRAP 1
LOADER TASK O
TIME SHARE
CURRENT | T T T T
ACTIVITY
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TABLE % | CONTROL BLOCK O
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USER PROGRAM
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COMMUNICATIONS
CONTROL BLOCK |
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Figure 7: Task 0 has control of the processor and has just been interrupted. The inter-
rupt routine looks at all pointers, saves the status, and then transfers control to task 1.

task are given a unique 4-bit protect
key (which is the same as the task
number) that is stored in external
hardware.

One approach might involve
having 2 external 16-bit registers that
could be loaded by the interrupt
routine with the high and low
memory addresses of the active task.

—— = TRANSFER OF CONTROL
— = = = — = zDATA OR POINTERS

Then, every time the address bus has
a valid address on it, it is tested
against these registers. However,
special precautions would have to be
taken in those cases in which a utility
in low memory (I/O driver routine
etc) is called, or when memory map-
ped I/O ports outside these address
limits are used.
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Figure 8: Task 1 has requested keyboard input from its assigned keyboard. When the
input is completed, the I/O (input/output) driver returns control to task 1.
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Resolving Allocation Conflicts
. TRANSFER OF CONTROL Allocating 1/0O devices has been a
- DATA OR POINTERS problem since the early days of com-
puters. Devices like tape drives and
- card readers (sequential devices) are
BOOTSTRAP _—=" " _~| iwrernupt nonshareable: only 1 program may
Fonany 3 il MR use them at a time. However, disk
drives are considered shareable, since
the head may be positioned at ran-
dom to gather data. The simplest
method that can be applied to the
system described in this article would
———— be to have the initiator program
AT check all communication control
i 8 blocks to make sure that certain
A i Sl devices are not assigned more than

YRS | P i / II COMMUNICATIONS once,

-
CURRENT A
ACTIVITY B
INDICATOR - e

TASK

]
CONTROL COMMUNICATIONS /
TABLE CONTROL BLOCK O / b

Yo CONTROL BLOCK |

l
FOK i \‘

/ ¥ L 1 I/0 Software Considerations
; STACK | As mentioned earlier, /O techni-
&y ques in use on small systems leave all
N control up to the processor. If special
e COMMUNICATIONS:, timing is needed or if strobes or ready
NN flags have to be checked, software is
used instead of extra hardware, as in
4 STACK 2 the case of larger systems. This in
itself is good from the standpoint of
/,,/—\ economy, but requires that special
" care be taken when writing the driver

Figure 9: Task 1 has been interrupted and turns control over to the interrupt routine. and controller software.

Control is then passed to task 2. For example, suppose a cassette
read routine uses a universal asyn-
chronous receiver transmitter
(UART) implemented in software as
an algorithm instead of hardware. In
a nonmultitasking system, the pro-
- TRANSFER OF CONTROL gram may simply loop and time
. T S down between bits, but in a multitask
system the timer interrupt would
surely halt the activity and execute

TASK 2

r BOOTSTRAP INTERRUPT other programs. It may be well over
LOADER ROUTINE .

30 ms before it can return to the

T - cassette read routine. It is easy to see

N RRERT what can happen to critical timing
ACTIVIT [ i

AR =< loops on a system that uses any kind

Pl of interrupts.
\\ The solution? If you must do the
. critical timing in software, it is
CONTROL TERMINATOR ,

TABLE » T oL e STACK © necessary tO‘ turn Off _the interrupt

R [ 71 timer while in the critical loop and

S reactivate it when in noncritical parts

COMMUNICATIONS ) i

TASK | CONTROL BLOCK of the routine. If external hardware is

used, and internal timing is reduced

STACK |

Figure 10. Task 2 has completed its execu-
. tion and encounters a CALL EXIT. Con-

/ COMMUNICATIONS trol is given to the terminator routine
L SONTRAL:BLOGK2 which performs some cleanup operations
and removes the task 2 entry from the
task control table, effectively destroying
BTACK 2 the task. Control is then given to the inter-
rupt routine which again scans the task

/—\ control table to find the next task awaiting

— e s execution,
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DOUBLE DENSITY

Now you can put your S-100 system solidly into
a full-size, single/double density, 600K bytes/side
disk memory for just $1149 complete.

DISCUS/2D™ single/double density disk
memory from Thinker Toys™ is fully equipped, fully
assembled, and fully guaranteed to perform perfectly.

DISCUS/2D™ is a second generation disk
memory system that's compatible with the new IBM
System 34 format. The disk drive is a full-size Shugart
800R, the standard of reliability and performance in
disk drives. It's delivered in a handsome cabinet with
built-in power supply.

The S-100 controller utilizes the amazing Western
Digital 1791 dual-density controller chip ... plus
power-on jump circuitry, 1K of RAM, 1K of ROM with
built-in monitor, and a hardware UART to make 1/O
interfacing a snap.

The DISCUS/2D™ system is fully integrated with
innovations by designer/inventor George Morrow.
Software includes BASIC-V™ virtual disk BASIC,
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DOS, and DISK-ATE™ assembler/editor. Patches for
CP/M* are also included. CP/M? MicroSoft Disk
BASIC and FORTRAN are also available at extra cost.

DISCUS/2D™ is the really solid single/double
density disk system you've been waiting for. We can
deliver it now for just $1149. And for just $795 apiece,
you can add up to 3 additional Shugart drives to your
system. Both the hardware and software are ready
when vou are.

Ask your local computer store to order the
DISCUS/2D™ for you. Or, if unavailable locally, write
Thinker Toys,™ 5221 Central Ave., Richmond, CA
94804. Or call (415) 524-2101 weekdays, 10-5 Pacific
Time. (FOB Berkeley. Cal. res. add tax.)

*CP/M is a trademark of Digital Research.

Morrow makes disk memory for

Thinker Toys’




to noncritical loops, the intervention
of the multitask interrupt timer will
not normally affect the system. If the
interrupt timer causes an interrupt
just before a byte is received by the
UART but returns in time for the
next byte to be received, the easiest
way to assure that the cassette read
routine does not drop a byte is to set
the timing of the interrupt oscillator
to at least twice as fast as the
transmission rate of the UART. This
greatly reduces chances of losing a
byte.

An alternate approach is to have
even more hardware that forces the
interrupt timer to timeout and return
control to the program awaiting the
data transfer operation when the in-
coming data is present. A third way
involves the use of direct memory ac-
cess (DMA) capability, in which the
external controller reads the UART
and deposits the data directly into
memory. With this approach, the
calling program need only initialize
the external registers and go into a
wait state until the transfer is com-
plete, allowing the rest of the tasks to

execute normally. This last approach
is used on many large systems and
constitutes what is called a channel.

Managing the System

As you can see, many levels of ac-
tivity are required to control a
multiprogramming system properly.
It is also apparent that some minimal
hardware is required to prevent one
user from obtaining exclusive control
of the processor or writing over
someone else’s program or data. The
use of control tables and a standard
interrupt routine are also important
as a way of letting the interrupt
routines and [/O drivers know which
task had control of the processor last.

If the user plans to run BASIC soft-
ware or some other kind of language
interpreter, the safety features
discussed earlier may be implemented
as part of the interpreter. To run a
lower-level operating system that
allows the user to generate assembler
level code will generally require the
hardware described in this article,
thus safeguarding the system and its
users from accidental loss of pro-

grams or data. In general, the use of
timed interrupts allows for a fairly
even distribution of processor
activity, and depending on the cycle
time of the host system, between 4
and 12 tasks may be handled without
too noticeable a delay in response
time. ®
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Fourth
nniversary Sale
from the
Originator
of the

TRS-80®
Project

FMG Corporation was formed in
1975 as a software consulting
company. For the past 4 years
FMG has been developing and in-
troducing new programs de-
signed to increase the versatility
of the TRS-80. Last year we intro-
duced the CP/M system, this year
we offer the UCSD Pascal system.

PASCAL

UCSD Pascal, the powerful general
purpose language system, de-
veloped for large and complex
syslems, is now available for your
TRS-80.
The FMG/UCSD Pascal system
opens a new generation of value for
your TRS-80. Package includes:
Operating System
Screen Editor
Z80 Macro Assembler
Library
Pascal Compiler
Utilities and System Reference Book
Price $150.00
(Requires 48k System with 2 drives.)
Available without Macro Assembler,
Linker and Library
Price $100.00

FORTRAN
Now On Sale!

Comparable to compilers on large
mainframes and minicomputers. All
of ANSI| slandard FORTRAN X3.9-
1966 is included except COMPLEX
data type. Therelore, users may
lake advantage of the many applica-
tions programs already written in
FORTRAN. Package includes:
FORTRAN Compiler
Macro Assembler (Z80)
Linker
Library
Lib Manager (Not in TRS-DOS
version,)
Price $350.00

For this month only

Sale priced al 250.00
Manual $25.00
(Specily TRS-DOS or TRS-CP'M
versions.)

SID Symbolic
Instruction
Debugger

Symbolic memory reference with
built-in assembler/disassembler
SID Diskette and Manual: Price
$125.00
For this Month Only

Sale Priced al 575 00
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N
CP/M Operatingw

System New 1.46
Version

Includes RS-232 and 'O Byle im-
plementation, Editor, Assembler,
Debugger and Utilities for 8080 and
Z80 Syslems. For up to four TRS-80
lloppy disks. Package includes:
CP/M System Diskette 54"
CP/M Fealures and Facilities

Manual
CP/M Editor's Manual
CP'M Assembler Manual
CP/M Debugger Manual
CP/M Interface Guide

Price $150.00

(Requires 16k and one drive
minimum. )
(Set of 5 Manuals $25.00)
Updates for 1.4 versions owners

$15.00

MAC Macro
Assembler

Compalible with new Intel Macro
standard. Complete Guide to Macro
applications. MAC Diskette and
Manual: Price $150.00
For this Month Only

Sale Priced al $99.00

TEXTWRITER Il

A text formatling program that
prints files created by an editing
program. Contracts. personalized
form letters and other documents
can be printed from a stored library
of standard paragraphs
Price: $130.00
For This Month Only
Sale Priced al $75.00
Manual $25.00

TRs-80  NEW,
COMMUNICATOR

RS232 Communication Program
allows the TRS-80 lo transmit or re-
ceive programs or data liles. Also
makes the TRS-80 into a remole ler-
minal. Requires Radio Shack R5232
and CP/M.

$25.00

Call or Write

for Complete Information

A Division of Applied Data Corp
P.O. Box 16020,B9 Fort Worth,
Texas 76133 « (B17) 294-2510

Circle 134 on inquiry card.



REAL ESTATE SOFTWARE

Business Is Booming
Over 240,000 Offices Nationwide
And Still Growing!

The Real Estate Market has never been so widespread, profitable and competitive! To beat competition and reduce
expensive labor costs, more and more real estate offices are relying upon computers to organize and direct their

business transactions.

To meet this growing demand, R.S.l., Inc.™, has devel-
oped the most comprehensive Real Estate Software ever
that is specially designed to satisfy the needs of all Realtors
. . . large or small. The software is easy to use and requires
no training.

R.S.I., Inc.*~, Real Estate Software is divided into 2 pro-
grams, Property Management and Cash Flow Analysis
(forthcoming). Each program comes complete with an
instruction manual that features screen-by-screen displays.

The Programs run on a DEC station 78 & 88 series, CP/M®
operating system type 8080 or Z-80 with 48K of memory,
C Basic 2 version 2.03, CRUN 2 version 2.03, 8 inch single
or dual density floppy disks, a 132 character printer and
CRT terminal with a 24 x 80 screen.

MAIL COUPON OR CALL ...
TOLL—FREE

(800) 227-3474

R.S.I.™ ‘s Software systems for the Real Estate market
can be profitable for you. Inquire today for full details

on Real Estate Software programs. Circle 323 on inquiry card.

PROPERTY MANAGEMENT SOFTWARE
Comes Complete With a 200 Page Instruction
Manual...With 80 Screen-by-Screen Displays
for Easy Reference!

Program includes:

* Operating Statement Report
* Balance Sheet Report
* Rent Book Report
* Management Fees Report
* Vacancy Report
* Late Rent Report
* Check Writing / Check Register
* Deposit Register
& much more...

2126 Lombard St. | San Francisco, CA 94123

Check enclosed Bill my | | Master Charge | = VISA
Send me your PROPERTY MANAGEMENT software
complete with 200 pg. manual for $595.00 (shipping & in-
surance included / CA residents add sales tax).

Acct. #_ ==
Exp. date Signature _
Name
Address
City L LStates . Zip
Telephone ____(include area code;j

DEALERS!L.. Check here [l and attach business card to
coupon for complete details on all R.S.I.™ Software and
merchandising support!!



Interface a Chessboard
to Your KIM-1

Chess is a fascinating game. Com-
puter chess is especially fascinating
because the complex analysis which
determines each move is performed
by a machine instead of a human.
Computer chess offers an excellent
way to demonstrate the power and
versatility of personal computers.

Most computer chess systems are
unable to “see” a chessboard. A

Jeff Teeters
1720 Coolidge Ct
Eau Claire WI 54701

human playing against a computer
will usually set up a chessboard
beside the computer, and the moves
will be communicated to and from
the machine through the use of a
keyboard and a display in some type
of abstract notation,

Keyboard entry of moves is unde-
sirable. It is inconvenient, error
prone, and inelegant. The abstract

Photo 1: Two pawns, a White Knight, and a loose rivet are shown on top of the elec-
tronic chessboard. One row of 8 light emitting diodes (LEDs) is placed along the left side
of the board, and another row is placed along the bottom of the board as seen by the
human player. Two LEDs are lit to indicate a single square, using an X, Y axis system. A
single large hole is drilled in the center of each square to accept entrance of the rivet
which is glued to the bottom of each chessman. The rivet completes an electrical circuit
between 2 pieces of wire that run from smaller holes through the large central hole. This
switching arrangement allows the computer to detect the presence or absence of a piece
at each square of the board. In this prototype, an additional set of 3 wires is seen in each
square; these wires remain from an earlier, unsuccessful switching attempt,
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notation promotes errors and makes
play difficult for people who do not
know the notation system. Further-
more, errors may not be detected un-
til many intervening moves have
occurred.

An ideal chess-playing system
would contain a digital television
camera to observe the board and a
mechanical arm to move the pieces.
[A mechanical arm designed for
exactly this application was described
in the article “A Hobbyist Robot
Arm,"” by Keith Baxter and Timothy
Daly in the February 1979 BYTE,
page 84...RSS] A less costly alter-
native is to construct a chessboard
which can electronically com-
municate with the computer. The
computer may then “look” at the
board position through its 1/O(in-
put/output) ports. A means of in-
dicating the computer’s moves on the
chessboard itself may also be pro-
vided.

In the system that I have con-
structed, the user makes his move on
the electronic chessboard, instead of
typing each move on a keyboard. The
computer’s moves are displayed on
the chessboard through the use of
discrete light emitting diodes (LEDs),
arranged in an X,Y coordinate sys-
tem. The LEDs show the user exactly
which chessman the computer wants
to move, and to which square.
In addition to being aesthetically
pleasing, this system makes it im-
possible to enter your move in-

About the Author

Jeff Teeters is an undergraduate student at
the University of Wisconsin at River Falls
where he majors in mathematics.




correctly, and easy to interpret the
computer's move. The board is
continuously scanned so that even if
the user moves the computer’s piece
incorrectly, the mistake is detected
immediately. A speaker is connected
to the computer to let unwary users
know (by a buzz) when they misinter-
pret a computer move. This speaker
also emits a brief sound when the
chess program has decided on a move
and when it has been recorded into
the computer’s internal board
representation.

This project is designed for specific
use with Peter Jenning's Microchess,
running on a KIM-1 with about 0.5 K
bytes of extra memory. Imple-
mentation on other 6502 based com-
puter systems should be relatively
easy since only a few minor software
modifications would be needed. The
required hardware consists of a chess
set, a package of cheap switching
diodes, 2 integrated circuits, 16
discrete LEDs and 32 copper rivets.

The chessboard should have a thin,
nonconductive surface that is easy to
drill holes through. This surface must
be supported by side panels so there is
a hollow space of about 2 cm under
the board for wiring. [ used a cheap
plywood chess set that is designed to
fold into a storage box for the
chessmen. The copper rivets should
be small in diameter, about 12 mm
long, and have a flat top. The ones
that I used were size 9 rivets manufac-
tured by the Tower Corporation of

Madison IN.

System Concepts

KIM-1 Microchess uses an internal
board-status table to keep track of the
whereabouts of the chessmen. This
table contains 32 square numbers
which indicate the position of the 32
pieces. It is important to realize that
Microchess generates moves solely on
the basis of what is in that table, and
not how it was placed there. My plan
of attack was simple. I had only to
wire a chessboard to the computer
and write an interface program that
would translate moves on the chess-
board into changes in the table. Since
this program will be needed only
when moves are physically being
made, it can be called from
Microchess and used in place of the
Microchess keyboard 1/0 (input/out-
put) routines. After the user has
finished moving, control can be

Photo 2: The bottom of the chessboard. The switching diodes and connecting wires are
soldered directly to the wire contacts in the central holes. The 2 integrated circuits are
type SN74154 decoder/demultiplexers. Note the tips of rivets protruding through some

of the holes.

transferred back to Microchess to
compute the machine’s next move.

The Microchess to chessboard
interface program is logically
straightforward. If no move is being
made, the table should be an accurate
representation of the board. A move
is detected when the table does not
correctly represent the current board
position. If an empty square appears
on the board where the table indicates
that a chessman resides, then the user
has just picked up that man. If the
table shows an unoccupied square
which the board indicates is occu-
pied, a chessman has just been set
down in that square. A move is con-
stituted by the user picking up a man
and setting it down in some other
location, A capture is completed by
picking up 2 men and setting 1 down
in the space formerly occupied by the
other. Because the Microchess table is
updated each time a simple move or
capture is made, the table always
gives an accurate representation of
the current board position.

Hardware Details

Note that the chessboard interface
program can keep track of the moves
that are made simply by knowing if
individual squares are occupied by a
piece or are empty. The circuit which

Photo 3: The complete chessplaying sys-
tem. The completed electronic chessboard
stands in the foreground. The chessboard
and the sound-effect speaker are con-
nected to the KIM-1 computer residing in
the suitcase in the background.

provides this information to the com-
puter is illustrated in figure 1. For
purposes of square identification, the
chessboard is conceptually cut in
half. The 2 pieces are placed logically
end to end, forming an arrangement
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— e — -— - - - - ————— — e — — ———— e ——— Y

September 1977 March 1979

Byte Cover Prints--
Limited Editions.

The September ‘77 and March ‘79 covers of BYTE The price of each print is $25. This includes 1) a

are now each available as a limited edition art print, signed and numbered print; 2) a Certificate of
personally signed and numbered by the artist, Authenticity, also signed personally by the artist
Robert Tinney. and witnessed, attesting to the number of the edi-
tion (750), and the destruction of the printing plates;

These prints are strictly limited to a quantity of 750 and 3) first class shipment in a heavy-duty mailing
for each cover, and no other editions, of any size, tube. i
will ever be published. Each print is 18" x 22",
printed on quality, coated stock, and signed and To order your limited edition art print, fill out and
numbered in pencil at bottom. mail the order form below.

Sendme____ ''Breaking the Sound Barrier" Ship my print(s) to:

prints at $25 each,and ___ “‘Trap Door"

prints at $25 each. | understand this price in- ~ Name
cludes Certificate of Authenticity and first class  Address
shipment.

City State Zip

[J1 have enclosed check or money order

Card # Expires:

[J Charge this to my Master Charge or Visa = =
£ ¥ g robert tinney graphics
P .O.Box 45047 » Baton Rouge, LA 70895 -
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CCS has everything to expand your Apple II'

Friendly Frankie's roadside accessories, including: prom faster, and for a lot less bucks.
Apple Il stand has plenty to whet modules, asynchronous and For all the mouth-watering
your appetite for expansion. So, if synchronous serial interfaces, details, contact our northern
you're ready to have your Applell arithmetic processors, program- California headquarters or your
computer interface with the outside mable timers, parallel interfaces, local roadside computer store. If
world, wheel around to Frankie's A/D converters, and Apple || Frankie's out, ask for Dennis or
stand today. compatible boards galore. Jerry. They'll be glad to help you.

Expand to your heart's con- Let Frankie connect your *Apple Il is a registered
tent with our full range of delicious Apple Il to the rest of the world trademark of Apple Compulters, Inc.
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Figure 1: Circuit which determines whether or not a given square is occupied. The chessboard is conceptually cut in half. It is placed
so that the squares form a 4 by 16 matrix. For each square, a diode and a switch are wired in series between the appropriate row and
column lines. A closed switch indicates an occupied square; an open switch indicates an empty square.

of 4 rows and 16 columns. A diode
matrix allows the hardware to iden-
tify the individual squares.

The integrated circuit in figure 1 is
a type SN74154 4 to 16 line decoder/
demultiplexer. The 4 input lines to the
device are connected to the KIM-1
[/O port A. Each of the 16 output
lines is linked to a column in the
matrix. This portion of the circuit
allows the KIM-1 to select 4 squares
out of the total of 64. The 4 rows of
the matrix are connected to the 1/O
port B. Row and column addressing
allows scanning of a single square.
Each square of the chessboard has a
switch. A closed switch indicates that
the square has a piece on it; an open
switch shows that the square is
empty.

To determine whether or not a
piece is on a particular square, the
interface program first selects the
column by sending the correct binary
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code to the 4 input lines on the
SN74154. This brings 1 of the 16 out-
put lines low, while the diodes keep
the rest high. If the switch is closed
(ie: a piece is on the square), then the
corresponding row-line will be pulled
low and the matching port-B data
register bit will be a 0. Thus, by select-
ing the column through port A and
testing the row bits in port B, it is
possible to determine the status of
every square on the board.

Switch Experimentation

Now for the hard part: what can be
used as a switch? The actual mechani-
cal operation remains the only unre-
solved detail. All that is needed is
some means of closing the switch
whenever a piece is set down, and
opening it when one is picked up.
There are several ways to accomplish
this—some of which are better than
others.

In my first attempt I put aluminum
foil on the bottom of the pieces and
used simple wire contacts on top of
the board. I punched 6 holes into each
square using a large needle to form
the corners of 2 concentric, equi-
lateral triangles. Three strands of
wire were looped through the holes
forming 3 symmetric contacts (see
figure 2a). The third contact was used
only to balance the pieces.

The concept is simple. The piece is
set on top of the wire contacts and the
aluminum foil makes the necessary
connection. Unfortunately it didn't
work. The contacts were not suffi-
ciently stable, and the slightest vibra-
tion rocked the pieces, leading the
program to believe that the user was
trying to move 5 or 10 pieces at once.

That problem might have been
solved by mounting magnets on the
pieces and using a chessboard with a
nonconductive magnetic surface.
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Figure 2a: The first attempt to form a
switch for the squares. Three symmetric
contacts on top of each square were made
by looping bare wire through holes in the
board. Two of the contacts were wired to
the row and column lines on the back side
of the board. (The third wire was simply
to balance the piece upright.) The pieces
had aluminum foil glued to their bottoms.
When such a chessman was set down on
the contacts, electrical continuity was
achieved, Unfortunately, wvibration
caused intermittent contact and confused
the computer.
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Figure 2b: The second attempt to form a
square switch. This attempt was
successful. Copper rivets were glued to
the bottom of the chessmen. A large hole
was drilled in the center of each square to
receive the rivet. Two wires were looped
through the large central hole from 2
smaller holes (left over from the first
switch attempt). The rivet closes the elec-
trical circuit.
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Figure 2c: Illustration of the appearance of
a square which uses rivet switches, and
which previously did not have other
methods installed in it. The reader may do
it correctly the first time.

Another possibility would be to
eliminate wire contacts entirely and
use reed switches or some type of
photocell. Unfortunately, one such
device must be mounted under each
square, necessitating a total of 64
devices. Although they would have
undoubtedly worked, 64 photocells
or reed switches would have cost
more than I was willing to spend on
the project.

Switch Success

I eventually figured out a contact
method that was both cheap and
reliable. I drilled a small hole in the
center of each square, just large
enough to slide in a copper rivet. Two
strands of bare copper wire from 2 of
the inner contactholes used in my first
attempt were looped through the
larger central hole forming 2 contacts
inside of the hole (see figure 2b). The
felt on the bottom of the pieces was
peeled off and the tapered copper
rivets were glued onto the metal
weight underneath the felt with an in-
stant bonding adhesive.

I have found that these contacts
work quite well. The tapered copper
rivets slide easily in and out of the
hole, while slight pressure from the
sides of the hole forces the rivet to
make good contact with the copper
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wire, The pieces remain intact and the
electrical contacts remain solid, even
when the chessboard is held upside
down and shaken gently. Of course
when you wire your chessboard, you
should leave out the 3 symmetric
wires that I tried on my first version.
Only the 2 strands which were looped
through the rivet hole need to be in-
stalled (see figure 2c).

Hardware for Computer Output
The LEDs are wired according to
figure 3. The integrated circuit is
another 4 to 16 line decoder whose 4
inputs are connected to the I/O ports.
Note that decoder outputs O thru 7
are connected sequentially to the
rank — indicating (Y axis) LEDs with
the 0-bit output being connected to
the uppermost LED. Likewise, the
file—indicating (X axis) LEDs are
connected left to right with outputs 8
thru 15. The chip-enable line is con-
nected to 1/O port pin PBO so that the
LEDs can be turned off while Micro-
chess is computing a move.
Mounting of the LEDs on the sides
of the chessboard is relatively
straightforward. I used a large needle
to punch the holes for the leads prior
to insertion. Glue can be used to hold
them in place. Be sure to orient the
chessboard so that a white square is

in the lower right-hand corner of the
side facing the human player. This
means that the 2 rows of LEDs install-
ed on the left side and bottom of the
board will meet at a corner contain-
ing a black square.

The speaker is connected to output
port pin PAO in the manner described
in the KIM-1 User's Manual on page
57. See figure 4 for an illustration of
the I/O port connections.

Software

The necessary modifications to
Microchess are shown in listing 1.
The Microchess to chessboard inter-
face program with source and object
listing is given in listing 2. Although I
used a nonstandard meta-assembler,
most of the mnemonics are similar to,
if not the same as, the MOS Techno-
logy standard mnemonics. The
listings are fairly well documented.

There are, however, some general
concepts that may be difficult to
deduce from the listings. The
workhorse of the chessboard inter-
face program is subroutine GET-
MOVE. GET-MOVE calls the KIM
monitor routine GETKEY before
doing anything else, in order to see if
the user has pressed the DA key
(which is used when setting up a new
position) or the PC key (which clears



—

-
p-3
>
w

i 18081

&

el lel el -

OUTPUTS

IC|

SN74154
INPUTS

EW
@
n
-2
@
o
o
~

KIM =1
1/0
PORTS

|
|
PB-0 [>

|
PA-5 [>

|
PaA-6 [>

|
PA=-T [ >——

[
PB-5 [>—
[

Figure 3: Circuit for lighting the light emitting diodes (LEDs) that indicate the computer’s move. The computer moves as follows,
The program lights the X and Y axis LEDs which together indicate the single square on which the piece to be moved resides. The per-
son picks up the indicated piece. After the user picks up the piece, different LEDs light up that point to the square to which the piece
is to be moved. The person then places the chessman as indicated. A mistake causes the computer to emit a characteristic sound.
The chip-enable line of IC1 is connected to 1/O (input/output) port pin PB 0 so that the LEDs may be turned off while the chess pro-
gram is computing its next move.
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the board for a new game). If neither
the DA nor PC key is depressed,
GET-MOVE scans the chessboard,

square by square, searching for pieces
that were recently picked up or set
down. This is done by comparing the
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PA-2 [> B 5 o
| 21 . CHESSBOARD
PA-3 [> c ¥ COLUMNS
! 20
PA-4 [> D i
I
PA-5 [> — >
1 E]
PA-6 [ >— 62 =1
i 18
|
— > )
ICI
SN74154 -
——
3
214 —>
22| .
. TO LEDs
2] . 3
20 — >
D
—_—
I
2 G2 — >
18
Gl —1{>
PORT 8
|
|
PB-0 [
]
PB-1 [> >
1
PB-2 [> {—> | 10
I CHESSBOARD
PB-3| = { > ROWS
|
PB-4 [ >— =
[}
PB-5 o

Figure 4: Schematic diagram of chessboard input connections for the KIM-1. If the
speaker is built into the chessboard, a 16 conductor cable is required to connect the
board to the KIM-1 application connector. Thirteen conductors control the chessboard
and light emitting diodes; 3 are needed for speaker, ground, and +5 V supply. The
cable should be of sufficient length that the chessboard may be set in a convenient posi-

tion for game playing.
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Microchess board-status table to
the current board position, as pre-
viously described. There is one im-
portant exception. When the user
picks up a piece to make a move,
SHOULDBEUP-FLAG is made non-
zero, and the square where the piece
used to be is stored in hexadecimal
addresses FA and F9. A nonzero
SHOULDBEUP-FLAG tells sub-
routine GET-MOVE that the 2
squares in FA and F9 should not be
occupied, even if they are shown in
the table. This is done to prevent
GET-MOVE from continuously
reporting that the same piece was
picked up.

Upon exit from the subroutine, the
result of the search is stored in the
accumulator and in location UP-
CLEAR-DOWN. A +1 is returned if
a piece has been picked up, a 0 if there
is no change, and a —1 if a piece was
set down. If a piece was picked up or
set down, then CHANGING-
SQUARE will contain the number of
the square where the pickup or set-
down occurred. Likewise, if a piece
was picked up, then CHANGING-
PIECE will contain the hexadecimal
designation of that piece as outlined
on page 3 of the Microchess player's
manual.

While GET-MOVE is scanning the
chessboard, it also lights up the X and
Y axis LEDs that point to the square
in LIGHT-SQUARE. If SPEAKER-
FLAG is nonzero, the speaker is
rapidly toggled to produce a hum,

Subroutine CLEAR-STACK resets
the Microchess and the machine stack
pointers back to their initial values.
The subroutine is called from various
parts of the interface program to pre-
vent the stacks from overflowing into
Microchess code.

After Microchess has computed
each move, control is transferred to
the start of the interface program at
hexadecimal address 2000. The user
must physically move the pieces for
the computer. The piece designation
and the from and to squares of the
calculated move are stored in the
KIM display at hexadecimal
addresses FB, FA, and F9 respective-
ly. Because of the no-operation in-
structions inserted at address 03E1,
the move has not been recorded in the
board-status table. Addresses 20(0
through 2040 of listing 2 contain code

Text continued on page 46
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MMIGK/$349 = 2.1¢

ow you can afford to sink your teeth into

some big, feature-packed static memories.

Because George Morrow’s ultra-efficient
designs have brought S-100 memory down to 2¢
a byte.

Introducing Morrow's new ““MemoryMaster"”
Bank Select Logic memories, the top of the
SuperRam™ line.

The SuperRam™ MemoryMaster 16K Static may
be the most sophisticated S-100 memory at any price.
The MMIGK is switch-programmable to write-protect
any of the four 4K blocks . . . or to open invisible 1K
“windows'' to accommodate VDM's or disk
controllers. An on-board /O device and jumper block
allow yott to use the memory-extending Bank
Select Logic features of your software.

Yet, the SuperRam™ MemoryMaster 16K kit is
Just 2.1¢ a byte at $349, Assembled and tested, $399,

The SuperRam™ MemoryMaster is also available
in 24K configuration: 3 individually write-protectable
8K blocks with Bank Select Logic capability.

MM24K Kit, $499. Assembled and tested, $549.

MM24K/$499 = 2¢

SRI6K/$299 = 1.8¢ SR32K/$649 = 2¢

Or, get your memory at a rock-bottom 1.8¢ a
byte with the SuperRam™ 16K Static. It gives you 4
individual 4K blocks ... . plus the ability to switch-
enable the Phantom Line for power-up sequencing.
Kit, $299. Assembled and tested, $349.

But if you really need a big helping of memory,
the SuperRam™ 32K Static serves up two individual
16K blocks for 2¢ a byte: $649 in kit. Assembled and
tested, $699.

Whichever Morrow memory suits your taste, it
will run perfectly in 2 MHz 8080, 4 MHz Z-80 or
5 MHz 8085 systems. And meets the Proposed
IEEE S-100 Standard.

2¢ a byte! That's food for thought. And they're
ready to take out at your local computer shop. Or if
not, we deliver. Write Thinker Toys/" 5221 Central
Ave., Richmond CA 94804. Or call 415-524-2101
(10-4 PacificTime any weekday).

Morrow Designs

Thinker Toys"



Circle 208 on inguiry card.

@m. l '0“ Listing 1: Modifications which were made to Peter Jennings' KIM-1 Microchess program

to allow for the use of the electronic chessboard. Change the specified locations in
ﬂ‘ll(loplOCGHOI memory with the KIM monitor.
displays

Address (Hexadecimal) New Code (Hexadecimal) Comments
i 0008 A9 FF Set up Port A-DDR
000A 8D 01 17
000D A9 21 Set up Port B-DDR
000F 8D 03 17
0012 4C 00 20 Jump to interface program
0033 00 Toggle, must be — 1 or zero
003F 60 Return from CLDSP
00B7 02 04 MASK-TABLE (used
00B9 08 10 to read row)
01AC 60 Return from DISP
03A7 B1 Use. SQUARE for flag
03E1 EA EA EA Don't record move
03E9 20 39 00 Show all FFs
ALT-256 ALT-512 03EC AC 00 OO0 (Concede defeat)
Listing 2: The Microchess to chessboard interface routine, a sort of chessboard device
handler program. This listing is the output of an assembly with both source and hexa-

decimal object code shown. It is written in a nonstandard assembly language of the
author's own design, although most of the mnemonics are similar to the MOS
Technology standard mnemonics.

0000 16ET BIGC;0R6 2000;
2000 | COMMENT #x# KIN-1 MICROCHESS TO CHESSBOARD INTERFACE +#+
2000 ! PROGKAN. WRITTEN BY JEFF TEETERS. 9/8//8
2000 B
2000 'DEFINE .BOAKU=S0, L AUDKESS UF FLECE IABLE
2000 ! .BD-1=4F, % .BOAKD LESS UNE
2000 ! .BK=40, % ADDRESS OF USEKS FILCES
2000 ! .SP2=82, 1 MICROCHESS STACK POINTER
2000 ! .SOUARE=B1, 1 T0 SGUARE USED BY NOVE
2000 ! CHANGING-SQUARE=27, % RETURNED BY GET-MOVE
2000 ! CHANGING-PIECE=28, % FIECE PL1CKED UF AT CH-SOR
2000 ! CLOSF=3900, % LLEAK DLSFLAT
2000 [ CLEAR-BUAKD=1800, L SET UP NEW GAME
2000 [ COUNT-FLAG=29, % SEI WHEN CUUNIING DOWN
2000 ! DISF=9D01, L DISPLAY PIECE NAME IN FB
2000 [ FLASH-DISFLAY=1FIF, % KIH hUNITOR ROUTINE
2000 ! FROM-SQUARE=24, % USED WHEN UNMOVING CAF IURE
S$100 BUS 2000 ! GETKEY=4A1F, % KLM MONITOR RUUTINE
Standard TV Monitor Controllers 2000 | 60=A203, % AUURESS OF UHESS PROGRAM
ALPH&NUMEHICS:Transp%r:lr]tlr\demorymsfwes 2000 ! LIGHT-SQUARE=2E, % SQUAKE LIGHTED BY LEUS
clean video while leaving ree to perlorm 2000 ! HASK-TABLE=B7, &« USED TO READ ROW
r 4 x 4 6 ASCII 2
Haraiers wilh, aeccences phis.az graphice” || | 2099 ! HOVE=4803, X ROUTINE TO UPDATE .BOARD
symbols  Normal/inverse wvideo and  blink 2000 ! PORT-LIGHT=2C, % USED TO BUILD IO PURT
available on a per character basis. 2000 ] F-URT-SDUQQE:ED' b L "
GRAPHICS: 256 x 256 high resolution 2000 [} PURI-Q:ON?' T RiM-1 I/0 FPORT
G O Iere o rtoNad ALTSTE Biodes 510 2098 : EIR) 320217) ey ¢
horizontal x 256 vertical or two 256 x 256 images :1000 ! RANDOHK=0417, A KRIA-1 INTERVAL T“?ER
allowing grey scale or high speed animation. X-Y 2000 ! REVERSE=B202, %X RUUTINE TO EXCHANGE SIDES
addressing of memory located in |/0 area allows 2000 ! SPEAKER-FLAG=2E, L =1,GET-HOVE GENERATES TONE
CPU maximum work space 2000 l SHOULDBEUP-FLAG=2F, % =1,50UARES IN FA & F9 UP
COMBINED: The ALT-256 and ALT-512 graphics 2000 ! SWITCH-FLAG=30, % SET IN EXCHANGE
b R csy conislion Ko R A T g 2000 ! TCHANGING-PIECE=31, % TEMPURARY CHANGING FIECE
el Al 4 2000 ! TCHANGING-SUUAKE=32, X TEMFURAKY CHANGING-SUUARE
2000 | TENP=F3, % TEMFORARY STORAGE LOCA110N
e e | ||| 2ot ! T066LE=33, X ALTERNATLEY LIGHTS FA & F9
Sive: dibley. rbites dapldlyl Nand: soe 2000 i TngMﬂWhu, xrummmuhammmw
elfectively These ready to use sub-systems are 2000 ! UNOVE=3103, % KOUTINE TUu UNMAKE MUVE
nmﬂa%eo”lheshenu1mﬁfunmwwcvnog$91ﬁ: 2000 ! UP-CLEAR-DOWN=35, 1 STATUS OF CHANGING-SUUARE
an r on PC boards. bus compat w "o : 3 ]
F’g‘fl;gg";ﬂc F(}g;?né M&smkﬁgfg = :J)ggg r b T 5 X RETUKN VALUE OF PLUS KT
e 3 XOrciser § '
éléwn|Dozgnsnslﬂﬁiiumﬂr¥::‘arﬁrxa1 2000 [ AXXAARXARRAAALAAR IR R AAK LKA R KA LA N LA L LR AL XXX L
Alpha chips - the single chip keyboard & display 2000 ' TLLALLXAXR USER MUVE COMFUTEK FIECE AXLIXTLLALY
yg“amzf_hiﬂ“ﬁ:f;gﬁih:ﬁ musligeieisee 2000 ! LIALLRAAAALAAAX AN AAAA LA XXX LA AN LA L AAX LAY
s R ¥ 2000 1 Lassedbbas PICK THe PIECE UP EREEEEEERY
2000 9 00 ! LUAK 00 XRESET FLAG
(@ve motroxn electronic rystems 2002 85 2F ! S1A SHOULDBEUF-FLAG
2004 5 FA [ LbA Fa ZLLGHI "FKUM SGUAKE"
The Visible Solulions Company 2006 BS 2 ] STA  LIGHI-SOUARE
2008 Eé 2 IFICK=1T-UP: INC SPEAKER-FLAG %SOUND OFF
S T g Ry - e HAT 1h 2004 ! LOOP

US ONLY. TRIMEX BUILDING, MOQERS, N.Y. 12058
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2004

200E
200¢

L&
AY

c
J

20
20
o

20
cy
FoO

6B

F9

27
o

F3

FB

]

50

28
LL
3

OF

6A
1/

[1]2
16

6A

30
FF
30

n
“

c
o

AC

29
12
FB
FB
06

J

A2

OF
2B

21

00
21

ra RS

2
03

CHP  CHANGING:- SQUARE X%CORRECT PIECE?
BNE SET-IT-DUWN

| JSR  GET-MOVE XWAIT FOR FLAYER TO
| BEQ XIFICKUF FIELE.
! ENDLOOP
! BMI PICK-11-UF LEKKOR, FIECE SET DOWUN
! LUA LHANGING-SOUAKE 415 PIELE PICKED UP
! CHP  Fa #»LCORKECT ONE?
! BHE PICK-IT-UF
! LDX FB LYES, SET TABLE ENTRY
! LDAN CC %410 "cc”
! STAX .BOARD
! Leedekrrsc SET THE FIECE DOWN FEEEEREEAY
' LDA F¥9 LLIGHI 10 SQUARE
! STA LIGHT-50UAKE
SET-1T-DOWN: INC  SFEAKER-FLAG LHAKE NOISE
LOOF
JSR  GET-HOVE LWAIT FOR CHAMGES
BEQ

ENDLOOP

LDA F9 LI5 USER HOVEING
!
]
I

|
1
1
1
1
|
1
1
1
[}
1
|
[}
1
1
L}
]
1
1
1
|

LDA UF-CLEAR-DOWH LYES

IF NEGATIVE THEN
LDX FB LUPDATE TABLE.(FIECE
LDA CHANGING-SOUARE XXSET DOUN, HOVE HAS
STAX .BOARD LXBEEN COMFLETED.)
BPL

ELSE
LDX CHANGING-PIECE  XCAPTURED FIECE HAS
LDAK CC LALBEEH FICKED UF...
STAX .BOARD LXUPDATE TABLE AND
BMI  SET-IT-DOWN LXWALIT FOR SET DOUN.

ENDELSE

AXLAXAA AL LA R LA AR AR AR AN AR AR LA LA L LA AL LL
LARAAALZANLL USER MOVE USER’S PIECE AXLAAARKLLK
AAAATALAARLAL AL LR E XA AT AL LA LA LN LI AR AL

IF ZERO THEN
J5Kk CLEAR-STACK ZPLAY CHESS

JHP GO
ENDIF
LDAR OF LSTILL COUNTING UOMN,
ADC LIGHI-SQUARE %XLIGHT NEXT SOUARE.
BNE

! INC SPEAKER-FLAG LMARE NOLSE
IMAIT-FOR-HOVE: LDAN 00 LCLEAR UFP FLAG

! STA  SHOULUBEUP-FLAG

ISET-COUNT: S5TA COUNT-FLAG LSET COUNT FLAG
ISET-DISFLAY: JSR CLDSP LCLEAR DISFLATY
IGET-HOVE! : JSR GET-MOVE

! IF ZERD THEN

! I AL LA LAY AL N AT AT LA ALAAAL AR
4 ARARERAR NO CHANGE IN BOARD KELLAAAR
! AXXXLLL LRI LA AL LA L LA LA RALL AN K LA L XL LALN
! Is+sxss4+x  CHECK FOR "GO KEY *skskiksx]
! JSR  GETKEY

! CHPH 13 L13=VALUE OF "GO" KEY
! BEQ GO-COUNTDOWN

I Lesrrsxt+s CHECK FOR "E" KEY EREREETEE]
t CHPH  OE

! IF IEKU IHEN LUSER WANTS 1U

! LOOP LXSWITCH SIDES

! JSR GETKEY

! CHFH# OF XDEBOUNCE KEYBOARD
! BEU

! ENDLOOP

! LDA SWITUH-FLAG ZTOGGLE FLAG

! EORH FF

! STA SUITCH-FLAG

!SUIICH-SIDES: J5K REVERSE LFERFORM EXCHANGE
' JSR  CLEAR-STACK

'GO-COUNTDOWN: JHF  START-COUNTING

! ENDIF

I Theeskske “LO" OR "E" NOT FOUND shEpekke]
! LDA COUNT-FLAG LCOUNTING DOWUN?

! IF NOTZERO THEN

! DEC FB AYES.

! LDA FB

!

}

]

]

I

I

I

]

ELSE
Listing 2 continued on page 46

Circle 278 on inquiry card.

software
system

FAMOS™

MULTI-TASKING DOS:
8080/z80

Device independent file system
Multi-sessioning/spooling

Full user accounting

All files dynamic

Multi-user file security
Intersystem communications

$100 BUS SUPPORT

MVT-BASIC™

MULTI-USER COMPILER
Powerful file, string 1/0
Chaining . . . parameter passing
ISAM/sort facilities

Random, sequential files
Machine language calls

Error trapping

HARD DISKS SUPPORTED

MVT-WORDFLOW™
MULTI-USER WORD
PROCESSING SYSTEM
Concurrent data processing
Automatic field insertion
Global search/replace

Library file insertion

“Cutting & pasting”/block moves
Full WP printer support
Multiple printers/concurrent
Wordwrap/variable line spacing
All options under user control

IMMEDIATE DELIVERY

AVAILABLE TO MANUFACTURERS/
OEM FOR PRIVATE LABEL
MARKETING

MVT
v MICROCOMPUTER

SYSTEMS INC.

9241 Reseda Blvd., Suite 203
Northridge, CA 91324 /

Phone: (213) 349-9076
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Listing 2 continued from page 45:

2089 AD 04 17 LUAE RANDOMHE XWALITING FOR MUVE...
208C ENDELSE LALIGHT WANDOM SQUARE
208C BS 2B STA LIGHT-SQUARE

208E AS FB LDA FB

2090 4C 44 20 JNF  SET-DISPLAY

2093 ENDIF

2093 10 49 IF NEGATIVE [HEN

2095 AAXA AR AT AR L AL AL XL XA LXK LLALA LR LA AL AL LKA AL
2095 LXAAAAKL NEW FIECE SET DUOMN LTLAAAXLAL
2099 LAXALALLL R LA R AL AL LA ALL A AR AL LAA A LL AL XL AN
2095 Isessss23s TAKING BACK CAPTURE? #swskskax]
2095 AS B2 LDA .SP2

2097 Cy C8 CHPH CB LUNLULING FREVIOUS
2099 FO oC IF NOTZERD THEN XL CAFIURE?

2098 A9 ZA LDA FROUM-SQUARE

2090 €S 27 LHF  CHANGING-SOUARE

209F D0 0é IF ZERD THEMN

i
I
]
i
1
]
[}
]
1
I
i
I
i
|
|
i
1

2041 20 31 03 ! JSk  UKOVE % YES.

20A4  AC 44 20 ! JHP MWALT-FOR-MOVE

2047 ! ENDIF
1
]
]
1
[}
|
]
1
I
i
|
i
i
i
1
1
1
I
|

2047 ENDIF

2047 Leksktrke+USER ADDING NEU PIECE####sterss]
20h7 20 6A IF JSR  GETKEY XUALT FOR KEY ENTRY
208A  C9 15 CHPH 15 LX0F HEX NAME UR "+"
20AC  FO IC IF NOTZERO THEN

20AE  C9 12 CHPH "+"

2080 DO OC IF ZERD THEN

2082 A5 FA LDA FaA LFOUND "+", ENTER NEW
20B4 10 97 BPL GET-MOVE! XXPIECE INTO TABLE IF
20B6 Ab FB LDX FB ZANOT IN ALREADY
20B8 A5 27 LDA CHANGING-SQUARE

20BA S 50 STAX .HUARL

208BL 10 Bé BPL  VAIT-FOR-nuve

20BE ENDIF

20BE 85 F3 S5TA TEMWF ZFOUND HEX DIGIT
2000 AS FB LDA FB AX"OR™ IT INTOD

20C2  0h 0A ASL  ASL XLFIECE NAME.

2004 OR OA ASL ASL

2006 05 F3 ORA  TEHWFP

2008 85 FB ! STA TB

20CA [ ENDIF

20CA A5 2/ ! LDA CHANGING-SQUAKE IBUILD UISFLAY

20CC 85 2B ! STA LIGHT-SUUARE

20CE 85 F9 ! STh F9 LIXFF=SQUARE ON BOARD
2000 AS FB ! LDA FB LFUT FIECE NAME IN
2002 29 1\F ! ANDH 1F TLRANGE

2004 B85 tB ! S5TA FB LXXFB=FIELE NANE
2006  AA ! TAX

2007 BS 50 ! LUAX .BOARD

2009 85 FA | 5TA A LLLFA=TABLE ENIRY
20DB  4C 4D 20 ! JHP  GET-MOWE!

20DE ! ENDIF

20DE ! ARARAARER LT R AL AL LA A AL AL L XL AL LT
200E ! AXALATLLR PIECE PICKED UP RLLLAXXL
20LE ! AXLXAAL LA LLL LA LA AL LA LARL LA L L L AN XL AAAY
20DE ! Lssssssssee USER PLAY WHITE? sosesibess]
200E A5 BI1 ! LDA .SOUARE LSEE 1F USER HAKING
20E0 €9 CC ! CHPH CC XZTHE FIRST HOVE.
20€2 Do 05 ! IF ZERD THEN

20E4 Eé6 BY ! INC ,SOUARE LYES, CHANGE .SOUARE
20E8 4C &R 20 ! JHP  SWITCH-SIDES LXAND EXCHANGE

20E9 ! ENDIF

209 ! Lskbsrhksds WAIT FOR LCHANGE ##sisrexs+t]
20E9 20 5b ! JSR  CLEAR-S1ACK LLLEAR FOSSLBLE JUNK
20EC  AD 27 ! LDA CHANGING-SOUARE

LO0LE  BS FA | STA FA LOISFLAY SUUAKE NUM
20F0 85 F9 ! STA F9

20F2 85 2B ! STA LIGHT-SOUARE

20F4 20 9D 01 ! JSR  DISP LIISPLAY PIECE NAME
2007 A% 01 ! LDAK 01

20F9 85 2F ! S5TA SHOULDBEUF-FLAG LSET FLAG

20FB ! Loop

20FB 20 6B 20 ! JSKR  GET-HOVE LANALT MOVEZ

2FE  FO | BEQ

20FF FB ! ENDLOOP

2100 ! Leksaeesks PIECE SET BACK DOUN #tdeksewbes)
2100 10 1 ! IF NEGATIVE THEN

Listing 2 continued on page 48

46 September 1979 © BYTE Publications Inc

Text continued from page 42:

to light the correct LEDs and modify
the board-status table as the user
completes the computer’s move. The
speaker sounds briefly after each cor-
rect step is completed. If a wrong
piece is moved or a piece is set down
on a wrong square, the speaker will
hum continuously to signal an error.

The logic for interpreting the user'’s
move starts at location 2042. If
COUNT-FLAG is 0, the user has not
yet moved. Subroutine GET-MOVE
is repeatedly called from location
204D in anticipation of the user's
move.

If the accumulator is 0 upon return
from GET-MOVE, then the board
position remains unchanged and the
user has not made a move. GETKEY
is called to see if the user has de-
pressed either the GO or E key. If the
E key is depressed, the Microchess
routine REVERSE is called to swap
the user and computer entries of the
board-status table. After the ex-
change is completed or if the GO key
is depressed, a branch is made to
START-COUNTING at hexadecimal
address 214C.

Three provisions are made for a
delayed return back to Microchess,
COUNT-FLAG is made nonzero, a
countdown is initiated by setting the
display to OF, and control is then
transferred back to address 204D
where GET-MOVE is repeatedly
called as before.

After each return from GET-
MOVE the display is decremented by
1 until it equals 0. This provides an
approximate 10 second delay during
which the user can make a new move
or retract an old one. At the end of
the countdown, a branch is made to
the Microchess routine GO which
calculates the computer’s next move,

If the GET-MOVE call at 204D
returns a negative value then the user
has set down a new piece, and control
is transferred to address 2095. In an
ordinary game of chess, putting a
new piece on the board would be con-
sidered cheating. I have allowed it
here to prevent 2 possible problems.

The first problem is caused by in-
decisive players who change their
minds while in the middle of a move.
Suppose such a player picks up 2
chessmen, as if to capture, and then
decides to set both down again. When
the first man is set down the program
will think that the user has completed
a capture, modify the board-status



MOVING DATA AT A SNAIL'S PACE
BEGAUSE YOU'RE FLOPPY BOUND?

Let Corvus Systems put you back in the race!

= For TRS-80T, Apple¥ (including Apple
Pascal), S-100 Bus—and now LSI-11.
~ m Fully compatible hardware/software.
= 10-million byte disk: IMI-7710.
m Proven Winchester technology.
1sed Corvus disk controller.
ensive disk diagnostics.
er system.

COROGD S LI N CAaTALODC

BIRECTORY  DREVE MAMER )

T M = System $5350, add-on disk $2990.

i | E

T han =g
F&?x%% 1
e
FRsi EBui

EAST €

1TRS-80 is a registered trademark of Radio Shack, a Tandy Co.
tApple is a registered trademark of APPLE Computers, Inc,

900 S. Winchester Boulevard
(&{0) AR NS | Tl San Jose, California 95128
408/246-0461
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Listing 2 continued from page 46

2102
2104
2106
2108
2108
2108
210D
2110
2113
2113
2113
2113
2113
2113
2115
2117
2119
2119
2118
211D
211F
2121
2122
2123
2125
2127
2127
2129
212C
2120
212
2130
2130
2132
2134
2136
2138
FART]
213¢C
213
2140
2142
2142
2144
2144
2149
214C
214C
214E
2150
2152
2154
2156
2159
2159
2158
215D
215D
215D
215D
215D
2160
2163
2165
2187
2164
216B
2168
2168
2148
2168
2168
2168
2168
216E
2170
2172

48

AS 27
C5 FA
Do 03
AC 44

85 B
20 4B
AC AC

AS 27
85 F?
85 Bi

A5 33
10 06
A5 FA
E6 33

AS F9

Cé 33

85 2B
20 &b

03
21

21

01
03

LDA CHANGING-SQUARE

LFROM SOGUARE =

1

! CHP FA %70 SAUARE?

! IF IERD THEN

L JHP  UAIT-FOR-HOVE XYES, NO NOVE MADE.
! ENDIF

! STA .SQUARE XNO,

! JSR  MOVE XLRECORD MOVE,

! JNP  START-COUNTING  TXAND COUNT DOUN.

! ENDIF

! LEAXAAALL LA AR AA L LR AL LA XA AL AL AL L LI LAY

' TAXLAAA 2°ND PIECE FICKED UF TLLRAXLX

! AALLALAR AL AR AL LA LA AN ALK A A AL AR AL LA AL LR

[ Lesexsskes YALT FOR SET DOUN  hkekéhies]

! LDA CHANGING-SOUARE

! 5TA F9 LF9=T0 SQUARE

! S§TA .SOUARE

12-UP: Loop

! LDA TOGGLE LFLASH LIGHTS FOR TO
! IF NEGATIVE THEN %LAND FRON SQUARES.
! LDA FA

! INC TOGGLE

! BEQ

! ELSE

! LDA F9

! DEC TOGGLE

! ENDELSE

! STA LIGHT-S5QUARE

! JSR  GET-MOVE LMAIT FOR SET DOWN

! BEQ

! ENDLOOP

! IF MEGATIVE I1HEN

! LEkdhks b F1ECE SET DOWN R eR]

! LUA CHANGING-5OUARE

! CHP F? 1C-5 = T0 SQUARE?

! IF NOTZERO THEN LLNOPE,

! CHF [A I= FROA SQUARE?

! BNE ERKROk-3 LINOFE, ERROR

! LOX F?

! STA £9 %70 & FRUM SQUARES

! STA .SOUARE LREVERSED, SWITCH BACK
! STX FaA

! ENDIF

! LDA Fa %“SAVE FROM SQUARE FOR
! STA FROW SOUARE LZUSE IF UNDOING MOVE
! JSR  DISP LSET .PIECE

! JSR  WOVE LRECORD MOVE

! Isesesesss INITIALIZE COUNT DOWN #+#fsdiu]
ISTART-COUNTING: LDAKH 00 LCLEAR FLAB

! 5TA  SHOULDBEUP-FLAG

! 5TA LIGHT-SQUARE

! LDAN OF ILOAD DELAY

! INC SPEAKER-FLAB LS0UND OFF

! JHP  SET-COUNT

! ENDIF

'ERKOR-3: INC SPEAKER-FLAG XSOME TYFE OF ERRUK,
! BNE 2-UP AXWALT UNTIL CORRECTED
1

!

1

!SUBROUTINE CLEAR-STACK: ARESETS BOTH STACK MARKERS
! PLA TAY PLA LSTORE RETURN ADDRESS
! LDXH FF  TXS ARESET MACHINE STACK
! LDXW CB LRESET CHESS STACK

! 5TX .SP2

! FHA TYA PHA LSET UP RETURN

! RTS

!

1

|

'6UBROUTINE GET-MOVE: XSCANS CHESSBOARD

! ARLAALLAA LA LR AU AN ALK AR AR XA L L LALLAALL
! ARXAAAAAALYL CHECK FOR "DA" OR “PC" LLLAXTAAALL
! LR A A N R A A A A T A A v R N R AN A H a4
! JSR  GETKEY

! CHPN 11 L11="DA" KEY

! IF ZERO THEN

! LDXH 1F XFOUND "DELETE ALL"

Listing 2 continued on page 50
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table accordingly, and proceed to
countdown. During the countdown
the second man would pop in and
there would be no way to know what
it was.

In order to prevent this, each cap-
turing move is saved in the
Microchess stack. When a new piece
is set down, the stack pointer is
checked to see if the previous move
was a capture. If it was, and if the
location of the new piece corresponds
to the square where the capturing
piece used to be, then the Microchess
routine UMOVE is called to restore
the board-status table.

The second problem arises when
the user wants to add new pieces to
the current board, or set up an entire-
ly new board position. Previously the
only way to add new pieces was to
stop the chess program and enter the
square numbers manually into the
board-status table using the KIM-1
monitor. This method is both incon-
venient and error prone. The control
logic for the “new improved” method
occupies hexadecimal addresses 20A7
through 20DE.

After setting the new pieces down,
the user simply types the piece name
(its numeric designation) into the
hexadecimal keyboard. The designa-
tion is displayed in FB, the current
board-status table entry in FA, and
the square where the new piece was
set down is stored in F9. If the current
table entry is “CC” (indicating that
the piece is not currently on the
board), the user may enter the piece
into the table by pressing the + key.

Interpreting the User’'s Move

If the original call to GET-MOVE
at hexadecimal address 204D returns
a positive value, it means that the
user has picked up a piece, and con-
trol will transfer to address 20DE. If
.SQUARE contains “CC", the Micro-
chess board-status table has just been
initialized, and the user is making the
first move of a new game. The board-
status table has been initialized
assuming that the user would play
Black. A branch may be made to
address 206A where the user and
computer table entries are exchanged.

After checking to see whether or
not the user is playing White, GET-
MOVE is again called at hexadecimal
address 20FB. If the piece is set down
at a new square, the move has been
completed and a countdown is
started. If, after picking up a piece a






Listing 2 continued from page 48:

2174
2176
2176
2178
2179
2174
2178
217D
217D
217F
2181
2184
2186
2188
2184
218C
218C
218E
2190
2192
2194
2197
2194
2198
219C
219F
2142
2142
2142
2142
21A2
2142
21474
2146
2148
2144
214B
Z1AD
21AF
21AF
2181

2181

21B3

2185

2185
21B7
2187

Z1BA
21BC
21BE

21C1

21C1

21C1

21C1

2101

21010

21C3
21C5
21C7
21C9
21CB
21C0
21CF

21

2103
2103
2103
2105
2105
2107
2109
2108
210D
21DF
21E1

21E1

21E2

50

A

95
ChA
10
FB
30

c9
Do
20
8%
A
85
85

AS
835
85
85
20
20
Do
Fo
20
AC

85

Ag
85

85

20
AS
Fo
EE

AZ

BS
€5
Do
86

Do

CA
10

cc
50

14
21
18
B1
00
2F
30

27
F9
Fa
2B
90
A2

5D
44

01
21

21
20

21

]

| JNP-TO-KAIN:

Lrix
XL

ISTART-SCAN:

LDAN CC
Loop
STAX .BDARD IFILL PIECE TABLE
DEX XZWITH "CC"
BPL
ENDLODOF
BAI  JMP-TO-HAIN
ENDIF
CHPE 14 X14="PC" KEY
IF ZERO THENW LX(PLEASE CLEAR)
JSR  CLEAR-BOARD XSET UP NEW GAME
S5TA  .SQUARE LFLAG .SQUARE WITH CC
LDAK 00 LCLEAR FLAGS
STA SHOULDBEUP-FLAG
STA SWITCH-FLAG
LOOP ZVAIT FOR CLEAR BUARD
LDA CHANGING-SOUARE
S§Ta F9 XVISFLAY BAD SQUARE
STA FA
57A LIGHT-SQUARE
JSKR  DISF XDISFLAY FIECE NAME
JSK  START-SCAN
BNE
ENDLOOF

JSR  CLEAR-STACK
JHP  WAIT-FOR-MOVE
ENDIF

LRESET STACK

WRLAARARARARLRLL XA AA LA LA LA AL LARL

LXXXXLL  START SCANNING CHESSBOARD LALXLALALL
RXURXLX XKLL R AN AL XXX LA LA AL LR RLRL X
Lsssssssss  SET UP PORT-LIGHT #h#keisksd
LDA SWITCH-FLAG XSIDES EXCHAMGED?T
IF NOTZERO THEN

LDA LIGHT-SQUARE XYES,

EORM 77 EAPL=77-"LIGHT-SQUARE"
JNP

ELSE %NU,
LDA  LIGHT-SUUARE LAFL="L1GHT-SQUARL"

ENDELSE
STA PORT-LIGHT
Losasasas [NITIALIZE U-C-D & TC-Sedsssbsk]
LDAN 00
STA UP-CLEAR-LUMWN
LOOP
STA TCHANGING-SQUARE
ersseeseeD0 MISCELLANEUUS 1/0#bseebsisil
JSR  FLASH-DISPLAY LFLASH DISFLAY
LDA SPEAKER-FLAG
IF NOTZERO THEN
INC® PORT-4
ENDIF
TANRLAXLXALL AR AN XA L LAA L LLLLAX LA LA LLLL LA A LXL
LLXLXALL IF SHOULDBEUP-FLAG NOIM SET XXXLAXXLX
ALALALAL SEE IF SOUAKE IN FLECE TABLEXZLZZXLX
RALXAXL AR LR L XA AN A LA XL AL XL
LDAK 00 XLASSUNE SQUARE 0K
STA TUP-CLEAR-DOMN
LDA SHOULDBEUP-FLAG XIN MIDDLE OF MOVE?Y
IF NOTZERD THEN
LDA TCHANGING-SOUAREYIYES, 15 SQUARE 1N
CHNP  FA LXDISFLAY? IF S0
BE@ NOT-IN-TABLE XXFRETEND THAT 115
CHP F9 LXNUT IN PIECE TABLE.
BED NOT-IN-TABLE
ENDIF
Lksxeensa:k4SEARCH PIECE TABLE®#k#:ksrsssk)
LDXH IF
LOOP
LDAX .BODARD
LNP [UCHANGING-SUUARE
IF ZERU [HEN
STX TCHANGING-FIECE
INC TUP-CLEAR-DOWN IFOUND SQUARE
BNE BUILD-PORTS
ENDIF
DEX
BPL

LTOGELE SPEAKER

Listing 2 continued on page 52
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player decides to set it down on the
same square, the move is ignored.

If the GET-MOVE call at location
20FB reports that a second piece has
been picked up, a capture is in pro-
gress and control branches to location
2113. FROM-SQUARE is defined as
the square from which the first chess-
man is picked up. Similarly, TO-
SQUARE is associated with the
chessman that is picked up second.
GET-MOVE is again called at hexa-
decimal address 2129.

If a piece is set down on either the
TO or FROM squares then the pro-
gram assumes that a capture has been
made. The Microchess routine
MOVE is called to modify the board-
status table, and a countdown is ini-
tiated.

If a piece is set down on a square
other than the FROM or TO square,
or if a third piece is picked up, a
branch will be made to hexadecimal
address 2159, and the speaker will
hum to indicate an error.

Using the System

Playing the chessboard-interfaced
version of Microchess is easy. Moves
are made by physically picking up the
pieces and setting them down on a
new square, as in a normal game of
chess with a human opponent. The
only difference is that the opponent
(the KIM-1) is unable to pick up a
chessman, so you have to move the
pieces to the location indicated by the
LEDs.

The KIM display will be all 0s and
the LEDs will blink from square to
square in a semirandom fashion when
it is your turn to move. After you
move, the KIM display will count-
down from OF, and the Y axis LEDs
will blink sequentially from the top to
the bottom of the board. During this
countdown you have the option to
change your move. When the display
reaches 0, the machine will begin
computing a response, and no moves
can be made until it is your turn
again.

Operating the System

The interfaced version of
Microchess is started at address 0000,
just as the unmodified Microchess.
The speaker will probably hum. To
start a new game, press the PC key.
The speaker's sound will cease.
Choose the White or Black pieces,
and set up the board with your choice



Solve your personal energy Crisis.
Let VisiCalc Power 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 VisiCalc 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 formu-
las on your keyboard. VisiCalc organizes and displays this
information on the screen. You don’t have to spend your
time programming.

Your energy is better spent using the results than
gettintg 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
calculate 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 VisiCalc’s unique,
pawerful 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 301 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 forother personal computers comingsoon. The Apple

Il version costs just $99.50 and 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., Dept. B, 592 Weddell Dr,

. Sunnyvale, CA 94086. If your favorite

dealer doesn’t already carry Personal

Software products, ask him to
give us a call.

-

e

TM—VisiCalc is a trademark of
Personal Software, Inc
*Apple is a registered trademark

of Apple Computer, Inc.
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21E3
21E4
21Eb
21E6
21E6
21E6
21E6
21E8
21ER
21EL
21EE
21EF
21F1
21F3

F1
L6 34

21

Ll

INOT-IN-TABLE
1

1
1
]

'BUILD-PORTS:

]
[}
i
]
]
I
|
]
[}
|
|

I
I
1
I
L}
|
1
]
I
1
I
|
!
|
I
|
!

ENDLOOP

DEC

TUF-CLEAR-LOUN  ZSQUAKE KUI IN .BUAKD

AL AA LA XL LA A AL AR LA AL AA XA L AL AL LK
LALAAXLRL
LXLAA LA LA R LA L LA AL XA LI AL LZATL

BUILD 1/0 PORTS ZLXIXLZLZL

Lsssesa3032SET UP PORT-SQUARE*#sksssskk]

LDA

SUITCH-FLAG XSIDES EXCHANGED?

IF NOVZERO THEN

LDA TCHANGING-SUUARE

EO
JH
ELSE
LD
ENDEL
5Th
Yeekeshbkny
LLUA

XYES, SET P§ TO

RH 77 LX77-"TCH-SQUARE"
P

IND,
A TCHANGING-SQUARE IXXPS="TCH-SUUARE"

SE

PORT-SQUARE

skekrd PRI -A*re ks rebs b s bise)
FURT-LLGHI

IF FOSITIVE THEN

ASL ASL
ASL ASL

ENDIF
ANDH
INCE
ASL
5TA
LUAk
ANDE
OKA
S5TAR
LDA
ANDN
LSR
ORA
ANDW
ASL
ORA@

INEGATIVE=X AXIS,
LFOSITIVE=Y AXIS.

70
FORT-B IDISABLE LEDS

XDON' [ TOGGLE SPEAKER
TEXP

01

FORT -4

TENP

PURT-A
FORT-SOUARE
40

LSR LSRR
FORT-5QUARE
3

ISTORE ALL BUT COLUMN

PORT-A
Listing 2 continued on page 54

of color placed closest to the bottom
X axis LEDs. After the chessmen are
in place, the display will show all 0Os.
If you are playing White, make your
opening move. If the computer is
playing White, press the GO key.
To set up the pieces in a new con-
figuration, or to continue a game that
was halted earlier, set the chessboard
up with the chessman in their desired
position. Start the chess program as
described above, but instead of press-
ing the PC key, press the DA key.
Type in the name of each piece using
the hexadecimal keyboard as you
would when adding a new piece.
Start the play by either making a
move or by pressing the GO key.
To add a new piece to the board,
set the piece on the desired square.
The KIM-1 display will show 3 bytes
of information. The first byte will be
a random piece designation (as
described on page 3 of the Microchess
player’s manual). The second byte is
the square that the piece is on,
according to the Microchess board-
status table. If the piece has been cap-
tured, “CC" will be displayed. The
third byte is the number of the square

52
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Z v :
=80 Compucolor i
ADD SOUND TO YOUR BASIC PROGRAMS!

Complete system includes hardware with

connectors and software that provides all

the tools for programming you need to

make sound. You get:

= a variety of sample sound effects and
musical notes

+ directions to easily create your own
sounds and tunes

« complete instructions, including sample
BASIC subroutines, for adding sound to
any program.

Also, SOUNDWARE SOFTWARE
programs for 8K PET.

SEE YOUR DEALER FOR A
DEMONSTRATION.

Suggested Retail:
PET/TRS-80 $29.95 Compucolor $39.95

CAP Electronics, 1884 Shulman Ave.
San Jose, CA 95124 (408) 371-4120

Circle 43 on inquiry card.



PET / TRS-80 / APPLE: Personal Software brings you the finest!

X migeey

Y TYTYYS

T
4.

4 "
,ail'
U

MICROCHESS is the industry's best selling computer game. And
no wonder—because MICROCHESS gives you more than just a
chessplaying program: A convenient, foolproof set of commands
and error checks ... completeinstructions in a5'%:" by 82" booklet ...
a cassette that's guaranteed to load, with disk versions coming
soon ... and several levels of difficulty to challenge you not just
once, but time after time. It's available through well over three
hundred computer stores and many mail order sources ... always

B 1234587 [8s234%67

\ehg

TIME TREK by Brad Templeton for 8K PETs and Joshua Lavinsky
for 4K Level | and || TRS-80s adds a dramatic newdimension to the
classic Star Trek type strategy game: REAL TIME ACTION! You'll
need fast reflexes as well as sharp wits to win in this constantly
changing game. Be prepared—the Klingons will fire at you as you
move, and will move themselves at the same time, even from
quadrant to quadrant—but with practice you can change course
and speed, aim and fire in one smooth motion, as fast as you can
press the keys. Steer under power around obstacles—evade enemy

! MICRO
= CHESS

The Industry’s First
Gold Cassette
Over 50,000 Sold

TIME
TREK

s e bt eon A Tour De Force
17‘"5 In Real Time Action
= Strategy Games ,

originating from Personal Software. What's more, every Personal
Software product is selected to give you these same benefits of
easy availability, reliable cassettes, readable documentation, a
carefully thought out user interface .. and most important,
continuing challenge and enjoyment, not just once but time after
time. If you haven't already, order your own gold cassette:
MICROCHESS, by Peter Jennings, for 8K PETs, 16K APPLEs, and
4K Level liand N TRS=BOS ..« vowiviiesmnisossiasmmae s $19.95
ENTERPRISE MIT

THE FEDERATION UILL JE COMUERED  YOIR SOOFE 158

CREE. TO PLAY GERII
shots as they come towards you—lower your shields just long
enough to fire your phasers, betting that you can get them back up
in time! With nine levels of difficulty, this challenging game is easy
to learn, yet takes most users months of play to master. ADD
SOUND EFFECTS with a simple two-wire hookup to any audio
amplifier; the TRS-80 also produces sound effects directly through
the keyboard case, to accompany spectacular graphics
explosions! You won't want to miss this memorable version of a
favorite COMPULEr GaMe ... ooveernsrsrorsanseiiivnvess $14.95

BLOCKADE by Ken Anderson for 4K
Level | and || TRS-80s is a real time
action game for two players, with high
speed graphics in machine language.
Each player uses four keys to control
the direction of a moving wall. Try to
force your opponent into a collision
without running into a wall yourselfl A
strategqy game at lower speeds,
BLOCKADE turns into a tense game of
reflexes and coordination at faster
rates. Play on a flat or spherical course
at any of ten different speeds. You can
hear SOUND EFFECTS through a
nearby AM radio—expect some
razzing if you lose!l............. 14.95

GRAPHICS PACKAGE by Dan Fylstra
for 8K PETs includes programs for the
most common ‘practical’ graphics
applications: PLOTTER graphs both
functions and data to a resolution of 80
by 50 points, with automatic scaling
and labeling of the axes; BARPLOT
produces horizontal and vertical,
segmented and labeled bar graphs;
LETTER displays messages in large
block letters, using any alphanumeric
or special character on the PET
keyboard; and DOODLER can be used
to create arbitrary screen patterns and
save them on cassette or in a BASIC
o] jloTo] (- {1] PSR S $14.95

ELECTRIC PAINTBRUSH by Ken
Anderson for 4K Level | and || TRS-80s:
Create dazzling real time graphics
displays at speeds far beyond BASIC,
by writing ‘programs’ consisting of
simple graphics commands for a
machine language interpreter.
Commands let you draw lines, turn
corners, change white to black, repeat
previous steps, or call other programs.
The ELECTRIC PAINTBRUSH manual
shows you how to create a variety of
fascinating artistic patterns including
the one pictured. Show your friends
some special effects they've never
seenona TV screen!......... $14.95

WHERE TO GET IT: Look for the Personal Software™ display rack at your local computer store. For the name and address of the dealer
nearest you, call Personal Software at (408) 745-7841. If you don't have a dealer nearby, you can call or mail us your order with your check,
money order or VISA/Master Charge card number. For a free catalog, ask your dealer or use the reader service card at the back of this

magazine.

Circle 302 on inquiry card.

PEISONANL SOFTWAIE INC.

592 WEDDELL DR. e SUNNYVALE, CA 94086
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Listing 2 continued from page 52:

221E BD 00 1V ' S5TA@ FORT-A L0R IN COLUMN

2221 | LessnsnsssssstsdsPOR | -Bersdsdeennsbsnsin]

2221 AS 2C | LDA PORT-LIGHT

2223 18 | CLC

2224 69 80 ' ADCH B0 ATOGGLE PL FLAG BIT
4226 BS 2C ! STA PORT-LIGHT

2228 29 80 ! ANDH BO

2224 44 44 ! LSk LSK ZSET X UR Y AXIS ANDL
222C BD 02 17 ! S51A@ PORT-B LXENABLE LEDS

222F ! TAXARAL LA LA XL AL A LA L AL AL AL T LA L AL LAAR LA
222F | LALALALXL  DID STATUS OF SQUARE CHANBEY XXLAXAX
222F ! LEEAAXY IF S0 RECORD THE CHANGE LAXXALL
222F ! LAARLAL LA AL L LA LA LA L AA XL R LA LA L AL AL AL ALK
222F ! Lassssdas2 4333 2READ ROUEsenbs ek tebsk]

222F AS 2D ! LDA PORT-SBUARE

223 29 30 ! ANDE 30

2238 4A 44 ! LSR LSR

2235 44 44 ! LSR LSR

2237 AA ! TaX

2238 BS B7 ! LDAX MASK-TABLE

2234 2D 02 17 ! ANDR PORT-B

2230 | Leskessednskk[HECK FOR CHANGES®®s%skthkss)

223D Do 06 ! IF ZERD THEN

223F AS 34 [ LDA TUP-CLEAR-DOWN Z5QUARE OCLUFPILED...
2241 10 10 ! BPL HMEXT-SOUARE AAND IN TABLE.
2243 30 ! BNI

2244 04 ! ELSE

2245 AS 34 ! LDA TUP-CLEAR-DOUN XSBUARE EHPTY...
2247 30 0A ! BMI NEXT-SQUARE LXAND NOT IN TABLE
2249 ! ENDELSE

2249 ! L#+24334FOUND A CHANGE, RECORD IT#essresy

2249 85 35 ! STA UP-CLEAR-DOWN

2248 AS 32 ! LDA TCHANGING-SQUARE

224D 85 27 | STA CHANGING-SQUARE

224F AS 3 ! LDA TCHANGING-PIECE

2251 85 28 ! STA CHANGING-PIECE

2253 ! TAXAAAL AL AL LA LA AL LA LA L LA AL AL LA XL AL LA AAL
2253 ! IXRLLALXCHECK MEXT SOUARE OR RETURM IF ALL DOMEXXXXZZ
2253 ! TAXNLLAA LAY AN AR LA AN R LA AR RN AL XA AA A AAXALT
2253 Eé 32 INEXT-SQUARE: INC TCHANGING-SOUARE  XADD ONE TO

2255 A% 08 ' LDAN 0B LXTCHANGING-SQUARE
2257 25 32 ! AND TCHANGING-SQUARE

2259 04 ! ASL

2254 18 ! CLC

2258 45 32 ! ADC TCHANGING-SOUARE Y%ADD "CARRY"

225D 29 77 ! ANDN 77 LMASK OUT GARBAGE
225F 8BS 12 ! S1A TCHANGING-SQUARE

2281 FO 03 ! BE@ RETURN

2263 4C ! JHP ZLX60 CHECK NEXT SQUAKL
2264 BS 21 ! ENDLOOP

2246 A9 00 'RETURN: LDAN 00

2248 B5 2E ! STA SFEAKER-FLAG

226A EE 02 17 | INCR PORT-B

226D AS 35 ! LDA UP-CLEAR-DOWN

226F 60 ! RTS

2270 |

END OF ASSEMBLY

upon which the new piece was set
down. Modify the first byte by typing
in the correct name of the new piece.
If the piece has been previously cap-
tured, it may be added to the piece
table by typing the + key.

To change sides (Black to White, or
vice versa), type the E key. A count-
down will be initiated. Do not change

54 September 1979 © BYTE Publications Inc

sides before the opening move of the
game; the King, Queen, and other
pieces could become incorrectly
reversed.

Conclusion

Although it may require a lot of
solder, building the hardware is
neither hard nor exacting work. As

with most projects, if it doesn’t work
the first time the problem can usually
be traced to an incorrect program,
faulty wiring, or bad integrated cir-
cuits, In this particular project, the
program is already written, the
wiring is easy to check, and there are
only 2 integrated circuits.

The electronic chessboard can, of
course, be used for activities other
than chess. Almost any game that is
played with an X,Y type grid can be
played by the computer, among
these: checkers, tic-tac-toe, and nim.

I have found that the chessboard
interface makes playing chess with
the KIM-1 much more enjoyable.
Even if you lose the chess game, the
method of playing is sure to be im-
pressive. ®

Editor’s Note

The program described in this arti-
cle was designed to be “foolproof” for
the beginning chess player. The
countdown period for changing a
move will greatly ease the frustration
often experienced by players of com-
puter games, the sinking feeling of
“"Oh no, I didn't mean that, and
there’s no way to take back the
move!” More programmers should
pay such attention to the user inter-
face of their systems.

More experienced chess players
generally abide by the following rule:
a piece once touched by the player
must be moved, and an opponent's
piece once touched must be captured.
Such users would probably wish to
delete the countdown period to speed
the progress of the game.

An electronic chessboard operating
in a similar fashion appeared in the
article "Chess 4.7 versus David Levy"
by ] R Douglas (December 1978
BYTE, page 84). That board, con-
structed by Dr David Cahlander of
Control Data Corp, uses 1 light emit-
ting diode (LED) in each square of the
chessboard to indicate the computer's
move, and uses magnetic switches
placed under the squares which are
activated by the metal weights in the
pieces. Controlled by a 6800 micro-
processor, Cahlander’s board trans-
mits and receives moves to and from
a remote computer on which the
Chess 4.7 program runs...RSS




Precut Wire Wrap Wire

PRECUT WIRE SAVES TIME AND COSTS LESS THAN WIRE ON SPOOLS

Kynar precut wire. AII 1engihs are overall lncludmg i smp on each end Colors and Iengths
cannot be mixed for quantity pricing. All sizes listed are in stock for immediate shipment.
Other lengths available. Choose from colors: Red, Blue, Yellow, Orange, Black, White, Green
and Violet. One inch tubes are available at 50¢ each. State second choice on colors when

possible.

Length 100 500 1,000 Length 100 500 1,000
2.5 inches 1.04 2.98 5.16 6.5 inches 1,60 5.37 9.84
3 1.08 3.22 5.65 7 1.66 5.63 10.37
35 1.13 3.46 6.14 7.5 1.73 5.89 10.91
4 1.18 3.70 6.62 8 1.78 6.15 11.44
45 1.23 3.95 7.12 8.5 1.82 6.41 11.97
5 1.28 4.20 7.61 9 1.87 6.76 12.51
5.5 1.32 4.48 8.10 9.5 1.92 6.93 13.04
6 1.7, 472 8.59 10 1.99 7.26 13.57

Kit #1 $7.95  |Kit #2 $19.95 Kit #3 Kit #4 $44.95  |#30 Spools
Less than 2.7¢/ft. (#30) Less than 2¢/f1. (#30) Less than 1.7¢/ft. (#30) Less than 1.6¢/1t. (#30) | 1-4 5-9 10+
50ft. 1.75 1.60 1.40
250 3" 100 4%" [250 21" 250 5" |500 2w 500 4% [1000 2%“ 1000 4% [ 100ft 300 275 2.50
250 3%" 100 5" |s00 a" 100 5% |s00 3" 500 5 [i000 3" 1000 5 | 250ft. 475 450 4.25
100 4" 100 6" [500 3w%" 250 6" |[500 3% 500 5%" [1000 3% 1000 5" | S00ft. 850 800 7.50
500 4" 100 6% |s00 4* 500 6" l1000 4" 1000 6" |1000ft, 14550 12.50 10.50
250 4" 100 7"
ORDERING INFORMATION
AVAILABLE AT SELECTED LOCAL DISTRIBUTORS e B el P Gl o1 (o asa 1)
: ® CODs VISA & MC orders will be charged shipping
Circle 298 on inquiry card. . 2 * Mos! orders shipped next day,

~ 135 E. Chestnut Street 5A, Monrovia, California 91016 Phone (213) 357-5005




MicroPro International Corporation
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MICROPRO Proudly Present

ORD=JTRR

Now, you can instantly turn your microcomputer into an incomparable word processor.

Hundreds of delighted users have thrown away their pencils and are using the first truly
professional and complete word processor ever available on a microcomputer, WORD-STAR.

Everything you've heard, read, wished, thought about —it's here! it's now! and it's Dynamite! ! |

Just look at the product overview copies from our 200 page manual (prepared and printed
using WORD-STAR).
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MicroPro Price List:
Software/Manual Software/Manual

Word-StarTM- $495/40 Super-Sort |TM $250/25

Word-MasterT-M. $150/25 Super-Sort [|IT-M $200/25
Tex-WriterTM. $ 75/15 Super-Sort I T-M. $150/25

For more information and the name of your nearest dealer, contact MicroPro International Corporation.
Dealer/Distributor/O.E.M. Inquires Invited

MICROPRO INTERNATIONAL CORPORATION
1299 4th Street, San Rafael, California 94901
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Programming Ouickies

A Similarity Comparator for Strings

The trouble with computers is that
they have no common sense. If a
computer is directed to search a file
looking for a particular string of
characters, a simple typographical
error will cause the computer to
report that no match has been found;
even though there was something
very close in the file. The statement
“If A3=B$ THEN. . . ” is taken
literally by the computer; even the
slightest difference is not tolerated.

Wouldn't it be better if a computer,
finding no exact match, would report
the best match, or the 5 best matches
listed in order of closeness of match?
To do this, a routine is needed that
returns a quantitative estimate of the
similarity between 2 strings. That is
what the routine illustrated here does;
it computes a similarity index on a
scale of 0 thru 100 percent.

Listing 1 gives a BASIC string com-
parator program. The heart of the
program is in lines 100 thru 290; lines
10 thru 90 are there only to allow the
routine to be demonstrated with 2
manually input strings. The funda-
mental idea is simple: each character
in one string is compared to each
character in the other string. This is
done so that groups of characters that
match are weighted more heavily
than the same number of matches of
individual characters. This allows,
for example, “POOL” and "POOR"”
to be rated more nearly equal than
“POOL"” and “POLQ", even though
the latter 2 strings have more
characters in common.
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T C O'Haver
Professor
Dept of Chemistry
University of Maryland
College Park MD 20742

260
270

310
320
330
340

LETT=0

LET P=3

PRINT “FIRST WORD"" ;

INPUT AS

LET A=LEN (A%)

PRINT ""SECOND WORD" ;

INPUT B$

IF A$ =B$ THEN PRINT “EXACT MATCH"
LET B=LEN (B$)

IFA>B THEN LET B=A

FORM=1TOB
LETC=0
FORI=1TOM

LET K§ = MID$ {A$, B-—M+1,1)
LET L$ = MIDS (BS$,1,1)

IF K§=LS THEN LETC=C+1
NEXT |

LET C=CIP

LET T=T+C

NEXT M
FORM=B+1TO2*B-1
LETC=0
FORI=1TO2*B—-M

LET K$ = MID$ (A$,1,1)

LET L$=MID$ (B, M—B +1,1)
IF K§=L$ THEN LETC=C+1
NEXT |

LET C=CIP

LETT=T+C

NEXT M

LET S=100*T/BIP

PRINT S;"'%""

LETT=0

GOTO 70

END

Listing 1: Listing of the similarity comparator program in Ohio Scientific Instruments
8 K BASIC (a Microsoft interpreter). The up arrow indicates exponentiation.



What makes the Microtek Printer
so different? Nothing!

EXCEPT....

THE PRICE: $750 (with parallel interface)
THE PERFORMANCE:

e 80or 120 columns (software selectable) e Vertical Format Unit

® Plain paper e 96-character ASCII (upper and lower case)

* Pin Feed * Forms width continuously adjustable between

® Double width printing 4.5 inches and 9.5 inches (including sprocket

e 125 characters per second, 70 lines per minute margins)

nominal throughput * Parallel (Centronics type) interface standard.
e 9x7 Matrix (80 columns/line), 7x7 Matrix (120 Serial (RS-232) and IEEE-488 interfaces
columns/line) available

' —————————— —— S S S S S S S S A S S— — — __-—--—_—-—_——1
; To: MICROTEK, Inc., 7844 Convoy Court, San Diego, California 92111 (714) 278-0633 :
| O Sendme moreinformation. |
| [0 Send me a printer with: |
| O Parallel interface @ $750. O Serial interface @ $835. O IEEE-488 interface @ $895 |
: 0 Check or Money Order enclosed. [0 Charge my VISA card.[J Charge my Master Charge card. }
L S T — I
I name (please print) card number |
| . P v = |
' address cardholder’s signature I
(= L _ e
I city state zip exp date I
I phone ) :
| Add $15.00 for packaging & shipping. Dealer inquiries invited. California residents add 6% sales tax. I

Lo e o o ———— —— ————— —————— — —— — — ——— — —— —— — — — ]
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The weighting of groups of
characters is controlled by the
variable P defined in line 20. If P is set
to a value of 1, there is no special
weighting of groups; only the total
number of characters in common be-
tween the 2 strings is counted. If P is
set greater than 1, groups are
weighted more heavily, proportional
to the value of P. If P is too large,
however, all but the very closest
matches result in low similarity in-
dex, A value of P=3 is a good com-
promise.

Line 300 scales the index to within a
range of approximately 0 thru 100
percent. Two strings with no com-
mon characters give 0 percent simi-
larity, while 2 identical strings give
100 percent similarity. Sometimes 2
nonidentical, but very similar, strings
with many repeated letters (eg:
“AAAAA" versus "AAA") will give
100 percent or greater than 100 per-
cent similarity. This is seldom a pro-
blem with practical strings.

Strings of any type can be com-
pared: names, addresses, numerals,
or even strings containing spaces and
punctuation. Long strings take a long
time to compare, up to several
seconds. An assembly language ver-
sion should run much faster, if speed
is important in your application.

The routine in listing 1 is written in
Ohio Scientific Instruments 8 K
BASIC, Version 1, and was run on a
Challenger Il system. The syntax of
the string functions, particularly
MID$, may be different in other
BASICs. However, it should be com-
patible with most of the other BASIC
interpreters which were developed by
Microsoft. The program also runs

without modification on an 8 K
PET.m

Sample Run Comments
RUN

FIRST WORD? POOL

SECOND WORD? POOL

EXACT MATCH
103.1% >100% because of double letter
? POOR 3 letter pattern “POO'" matches.
45.3%
? COOL Still a 3 letter pattern.
45.3%
? POO Same match, because nonmatching
45.3% characters do not count.
? POLO
28.1% Two 2 letter matches, ""PO" and
? LOOP “QL", do not count as much
18.7% as one 3 letter match.
? PAIL
12.5% Only 2 isolated letters.
? POOL ROOM
10.4%
? MAIL ROOM
1.5%
? PO/OL Presence of extra random
14.4% character reduces match.
? 0000 Repeated letters result
40.6% in unexpectedly high match.
P
OK
RUN

FIRST WORD? T.C. O'HAVER 710 HILLSBORO DR. SILVER SPRING MD.
SECOND WORD? TOM O'HAVER 710 HILLSBORO DR. SILVER SPRING MD.
82.9%
? R.D. O'HAVER 710 HILLSBOROUGH RD. SILVER SPRINGS FL.
10.3%
?

oK

Listing 2: A sample run of the program, with comments explaining the value of similar-
ity assigned.

Note: We entered this program into an Apple Il computer
using the Applesoft floating point BASIC. It ran without
modification. The exact values of similarity computed
did sometimes differ from those given in the sample run,
but only in the fourth significant digit and beyond . . .
RSS

Cm

G

KIM ANALOG

INPUT

Analog to Digital Conversion System for the KIM Computer

Give the KIM Lthe abilitw Lo senses
neasures and control the world around
1l with DAM SYSTEMS modules. Just slus
the KIMSETL into the KIH Lo sebl 14
channels ot analos inFul. Screw

Lerminals are srovided Tor each channel

s0 wou can hook up Joustickss polss or
whatever aseroeriate sensors wou have.

Each of Lhe 146 analod inFulblss in
Lhe rangse of 0 to S5.12 voliss is

converted Lo a decimal numnber between 0O

and 255 (20 millivolls rFrer count ).

Conversion Lime is 100 mnicrosconds.
The K1MHMOD rrovides one user rorl

as well as a DAM SYSTEMS rort.
Soflware i1s srovided.
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Unclsssified Ads

Unclassified Policy

Readers who are soliciting or giving ad-
vice, or who have equipment to buy, sell or
swap should send in a clearly typed notice
to that effect. To be considered for publi-
cation, an advertisement must be clearly
noncommercial, typed double spaced on
plain white paper, contain 75 words or less,
and include complete name and address
information.

These notices are free of charge and will
be printed one time only on a space
available basis. Notices can be accepted
from individuals or bona fide computer
users clubs only. We can engage in no
correspondence on these and your confir-
mation of placement is appearance in an
issue of BYTE.

Please note that it may take three or four
months for an ad to appear in the
magazine.

FOR SALE: Cromemco 16 K programmable memory. 4
MHz, bank select. $400 or best offer. Will Ackel, 4860 Rolan-
do Ct #22, San Diego CA 92115, (714) 287-6823.

EXCHANGE IDEAS: | want to talk and write to microcom-
puter users who are interested in programming lor larm
operations, especially in the area of Southwest Kansas,
Southeastern Colorado and the Oklahoma Panhandle. | am
using an Apple Il. Van Lynn Floyd, RR #1 POB 94, Johnson
KS 87855,

FOR SALE: 051 65 V system, including: 6502 processor
board; 16 K memory board; video interface board. power
supply and case; SWTPC keyboard; single drive floppy disk;
lioppy disk Interface board; loppy disk power supply and
case; all documentation (OS! and MOS technology); includes
BASIC, Assembler, Disassembler and extended monitor. All
assembled, tested and running well. $1800 or best offer. C
Gum, 757 E Main St W-304 Wiss Apt, Lansdale PA 19446,
(215) 855-4182.

WANTED: Programs (games, graphics or just unusual pro-
grams} in BASIC. Hope to establish a no cost program library
in the near future. All material written or cassetle (casselles
in TRS-80 Level 2 only) returned. Richard G Ginder, 509
Southern Hills Dr, Hot Springs AR 71901

FOR SALE: SOL-20 computer by Processor Technology with
32 K, video display, cassette mass storage, Extended BASIC,
IBM Selectric typewriter/printer, lexi ediling and other sofl-
ware, complete documentation and manuals. Ideal for small
business software development, 1.5 years old, $2500
Middieton Associates, 980 Yonge St Ste 404, Toronto
Ontario, CANADA M4W 2J9, (416) 961-5136.

FOR SALE: 5-100 bus system. Cromemco Z80 processor,
Byte-8 mainframe, TDL system monitor board, ACT-
keyboard, Morth Star disk and software, two 16 K static pro-
grammable memory {250 ns), less 8 K of chips, Panasonic
video monitor. Up, tested and running. For more details of
system, send SASE or phone (206) 456-2466 alter 5 PM
Denald A Coulter, 8002 Mountain-Aire Loop SE, Olympia WA
98503,

FOR SALE: Sencore Model PS163 dual trace scope in new
condition. Used less than 20 hours. Complete with lwo
probes. Factory price $895, will offer for $350. Also, Sencore
Model P5148 single trace scope/vectarscope, still in factory
carlon, Sacrifice, $195. R Conde, 11 Sugarbush Ln, Coram
NY 11727, (516) 928-4849.

FOR SALE: Digital Group TVC64 16 line 64 character upper
and lower case and Greek with piug $125; COSMAC ELF with
complele address light emitling diodes, hexadecimal thumb-
wheels, audio outpul, automatic stepping and other fealures
$110; hexadecimal keyboard for ELF $30; Mikos mother
board with 12 100 pin connectors in place $75; Proko PTR-I
oplical paper tape reader $50. Ber! Thiel, 159 W Main St,
Frostburg MD 21532, (301) 689-8608 weekends and even-
ings.m

Circle 335 on inguiry card.

ility w
- ample, with the AIO yo u can connectyour Apple®
to a video terminal to get 80 characters per line
: .msﬁadnfﬂamdmbousetnne—sha’mig
- services, or a printer for hard copy. The

serial interface is software programmable,
features three handshaking lines, and
includes a rotary switch to select from

7 standard baud rates. On-board firm-
ware provides a powerful driver
routine so you won't need to write any
software to utilize the interface.

Parallel Interface.

This interface can be used to connect your
Apple* to a variety of parallel printers. The
programmable I/0 ports have enough lines
to handle two printers simultaneously with
handshaking control. The users manual
includes a software listing for controlling
parallel printers or, if you prefer, a par-
allel driver routine is available in firm-
ware as an option. And printing is
only one application for this general
purpose parallel interface.

Two boards in one.

The AIO is the only board on the market that can interface the Apple
to both serial and parallel devices. It can even do both at the same
time. That’s the kind of innovative design and solid value that’s been
going into SSM products since the beginning of personal computing.
The price, including PROMSs and cables, is $135 in kit form, or $175

assembled and tested. See the AIO at your local computer
store or contact us for more information.

7774

2116 Walsh Avenue
Santa Clara, California 95050
(408) 246-2707
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Some Musings
on Hardware Design

Clayton Ellis
Rt 4, POB 86
Montrose PA 18801

The purpose of this article is to acquaint
the reader with some of the more interesting
types of transistor-transistor logic (TTL)
integrated circuits, the ease with which logic
design can be accomplished, and to offer a
few design considerations and trouble-
shooting hints to stimulate the homebrew
use of digital logic.

Taking the topics in the above order, we
start with a look at some of the more com-
plex types of TTL chips in the “74xx”
series. (We will ignore simple gates for the
most part.) An example is the 7442. This
integrated circuit is a binary coded decimal
(sometimes called BCD) to decimal decoder.
What this means is that the circuit will
decode 1 line out of 10 based on a 4 bit
binary code. Figure 1 shows the pin con-
nections. Regardless of what it is called,
it works like this: pins 12 thru 15 are a4 bit
binary input, pin 15 being the 1's bit (bit 0),
14 the 2's bit (bit 1), 13 the 4’s bit (bit 2),
and 12 the 8’s bit (bit 3). Pins 1 thru 7 and 9
thru 11 comprise the output pins, each pin
staying high (logic 1 or a higher level voltage
of about 3 to 5 V) unless the corresponding
binary code is applied to the input. For
example, let’s say that pins 12 thru 15 are
0101. In other words, 12 is at a logical low
(about OV); 13 is at a logical high level

+5V
T:S
Vee O-l—\
i by 7442 2
Py L.
i) 5|4 >
N - EE T
f spe— (F
T Ble sff— | 7
72—
el g}
g.‘i Py
GND

,_La

Figure 1: Pin connections for a 7442 TTL
binary coded decimal to decimal converter.
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(above about 3 V, less than 5 V), etc. In this
case, pin 6 (indicating a decimal 5) would be
at a logical low level (about 0 V). All other
pins relating to decimal output numbers
would be at a logical high level. Note that
only one output pin will be low at any given
time, corresponding to the binary value of
the input lines. “Ahh,” you might ask,
“what if the input pins are at some binary
value other than O thru 97" The answer is
easy; this constitutes an invalid input, and all
output pins will stay high. Only valid deci-
mal values will select an output pin.

Now let's move on to a module similar to
the 7442, the 74154. Referring to figure 2,
the first apparent difference is the larger
number of pins on the 74154. This inte-
grated circuit is a 4 line to 16 line decoder.
Its operation is the same as the 7442, with
but two exceptions: there are now 16 valid
output lines, and provision is made to allow
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Figure 2: Pin connections for a 74154 TTL
4 line to 16 line decoder.
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Figure 3: Pin connections for a 74150 TTL
1 of 16 line data selector.

two extra inputs to gate the individual line
selected. Pins 18 and 19 perform this gating
function. An example of use of this extra
gating feature might look like this: pins 20
thru 23 might contain the binary equivalent
of a decimal 14, pin 19 being low and pin 18
alternating from high to low (a periodic
clock pulse.) The end result is that pin 16
(corresponding to line 14) will also periodi-
cally alternate high and low in following the
signal on pin 18. The data at pin 18 is trans-
ferred to pin 14. If the binary code on pins
20 thru 23 were now changed to a decimal
7, then line 7 (pin 8) would follow the data
on pin 18. We select one of 16 outputs for a
signal applied to the gates. Now, if we could
just have a binary controlled switch to select
1 of 16 inputs. Let's look at the 74150.
Figure 3 shows the pinout of this one.
This time there are 21 input pins and only 1
output pin.

Let's see how this one works. Binary
input is on the 4 lines of pins 11 and 13 thru
15. Let's say a binary value of 12 is present.
This selects the number 12 input line (pin
19) and transfers the level of this line, be it
steady, high, low or some alternating clock
signal, to pin 10, the output line. Notice,
though, that in order for the data to be
transferred, pin 9 (the strobe input) also
must be low. A high level on the strobe
input prevents any data transfer from any
input. This feature is used to allow data
transfer only at selected intervals, such as

The way you

check line-by-line with
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Intra-Connector.

You plug your Intra-Switch in-line
with standard socket connectors,
and instantly you've got a separate,
independent on-off switch for each
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cable. To switch, you nudge with a
pencil point. It's that quick.

Imagine how much time and
trouble Intra-Switch will save you in
your diagnostic and quality testing,
your programming and selective
line inhibiting.

Or, plug in your Intra-Connector
(see box) the same way, and you
have an extra set of male contacts

at right angles. Instant line-by-line
probeability—and an easy way to
tap your system and daisy chain it
into new areas.

Both Intra-Connectors and Intra-
Switches come In 20, 26, 34, 40 and
50-contact models.

Where? At your nearby A P deal-
er. Where's that? Phone (toll-free)
800-321-9668. And ask for the com-
plete A P catalog, The Faster and
Easier Book.
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when the input would contain valid data, or oY ouT—>
when the output is useful only at specific C—3s
intervals. OD——36
Now that we have taken a look at a few i,
of the more involved logic blocks, let’s look . i
at how easy it is to design the somewhat > ” s
more complicated circuits using the simple Er—————d
TTL blocks in conjunction with one or more >——20
of the above type of logic blocks. =ty
If we want to build a sequencing device 19},
to look at a number of incoming lines, and 6
if we are to use a given clock signal to coor- 2
dinate all this, we can use the logic circuit C>—Hia A
in figure 4. A very simple and straight- D—"’lrs
forward circuit, right? Not quite. Let’s take e
a second look. All the inputs but the one
selected by the 74154 are going to be en-
abled at one time. The selected pin goes low, 2 o [8 | +5v
remember? By this time, if not before, you 1 QA7 U87QC ODV“ 5
probably recalled the look we just took at 74934
the 74150 and are wondering why we did [>—YaicLock
7 ; o . RI_R2 GND
not use it. Figure 5 shows the circuit using =T |5
the 74150. The foregoing just illustrates a
good point (and one to keep in mind when-
ever you undertake any logic design). There Vd
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Get circuit requirements down on paper in block form.

Break each block down into required logic.

Use the most integrated block available for each function as in the example of
figure 5 unless the cost of such a module is much higher than two or possibly
three less intricate ones.

Don't go overboard with smaller blocks. This increases the density and complexity
of interconnection, greatly increases the chances of errors and reduces system
reliability.

Cross-check all designs, as you may have redundantly developed the same signal
line. Sometimes most of one segment of a circuit can be eliminated with an inver-
ter or small amount of additional gating.

If possible, have a friend familiar with digital logic go over the layout. Your friend
can sometimes suggest circuit reductions that you missed simply because you
were thinking one way while your friend used a different approach. The same
review may even spot an error in the logic. With all those inversions, gating, ete, it
is easy to do. Spotting an error at this stage can save hours at the breadboard stage.

Table 1:

Approach to

finding the simplest logic

circuit fora given function.

Figure 6: A hypothetical
clock circuit to give two
different phases (lines A
and B) at two different
repetition rates. Lines A
and B are at 1/2 the clock
rate. Line C is at 1/8 the
clock rate with the same
pulse duration.
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are many ways to accomplish a specific func-
tion. So many, in fact, that large companies
who do digital logic design in large quantities
invariably use some form of computer aided
logic design. The homebrew enthusiast ob-
viously can’t go that far, but the approach
summarized in table 1 usually works fairly
well.

Timing

Another good point to keep in mind is to
think time (not in terms of how long it takes
to design a circuit, or build it, but time rela-
tionships in the circuitry itself). This brings

us back to a term, clock, that we have been
using freely up to now. We all know that a
clock is merely a line, usually derived from a
square wave oscillator, right? This line is
then used to coordinate all necessary gating,
shifting, setting and resetting, etc, that goes
on within the circuitry itself, right? Well,
that is part of it, but who said it had to be a
single line? Some computers use a number
of clock lines, perhaps as many as 8 or 10.
The only thing these multiple clock lines
have in common is that they are usually all
derived from the same oscillator and may
be individually gated on or off, counted,
decoded or subjected to any other valid logic
manipulation.

Figure 6 shows a typical clock circuit
detailing some of these practices. As you
can readily see, almost any combination of
clock times can be selected, and the flip
flops can be extended as far as needed to
select a single clock pulse or a repetitive
series of clock pulses. The point to remem-
ber is that all pulses are derived from the
same clock and each pulse on any line will
be of the same duration as any other clock
pulse. The single clock pulse shown on
line C of the timing chart in figure 6 will
start at the same time as the fourth clock

TOGGLE FLIP FLOPS DIVIDE FREQUENCY BY 2

[Se—{d>og—

FFI

FF2

FF3

| I CLOCK=FFI

CLOCKeFFI

CLOCKe*FFl® FF2 sFF3
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pulse on line A, and the duration will be
identical.

There is one fly in the ointment at this
point. | just noted that the two clock pulses
would start at the exact sametime. That is
not quite true, however, and depending on
how fast the clock is running, and exactly
what is being gated, this may or may not be
a problem.

In an actual circuit, the clock pulse on
line A would go positive slightly ahead of
the pulse on line C. This is due to the delay
(called propagation delay) across each flip
flop encountered by the leading edge of the
pulse. This delay is on the order of nano-
seconds for each gate encountered. Let us
assume an arbitrary 5 ns delay for each gate.
Then the delay from the input of FF1 to the
output of the AND gate driving line A would
be 10 ns. This is 5 ns for FF1 and 5 ns for
the AND gate. The delay from the input to
FF1 to the output of the AND gate driving
line C would be not 10 ns, but 20 ns: 5 ns
for each of the three flip flops and 5 ns for
the AND gate. The pulse on line C would
actually start 10 ns after the one of line A.
This will also make a difference in the dura-
tion of the pulse on each line; as the plus
level arriving later than the clock pulse at
the input to the AND gate determines when
the output of the AND gate goes positive.
However, the trailing edge of the clock pulse
input determines when the AND gate output
goes negative.

This, in effect, shortens the duration of
the pulse on the output line by a time (in
nanoseconds) determined by the various
propagation delays. If the clock frequency
of the circuit is on the order of tens or hun-
dreds of kilohertz, then a delay of tens of

INPUT

(5 OUTPUT

e ]

Figure 7: A pulse generator for nanosecond
range pulses. Pulse length is determined by
the propagation time through the gates
between the input and point B. More sophis-
ticated methods are required if an accurate
pulse length is required.

nanoseconds would be of little consequence;
but if the clock frequency of the circuit is
something like 20 or 25 MHz, the delay can
become a thorn in the side of the designer.
This holds true for all data and control lines
we well as clock lines.

This propagation delay can be used to an
advantage too. Figure 7 illustrates using this
delay to generate a narrow pulse. Here the
positive going (leading) edge of the input is
applied to an AND gate, but the negative
going (trailing) edge of the inverted version
applied to the other leg of the AND gate is
delayed by the total of the propagation
delay across the three inverter blocks. The
resultant output is a narrow pulse equal in
duration to the delay across the inverters.
This method of generating a pulse is only
useful in cases where we don't care exactly
how long the pulse lasts since gates and
inverters are subject to manufacturing
variations.

To satisfy the rather picky individual or
very high speed circuit, | have to say also
that the output pulse is not only derived
from the inverter delay, but is delayed from
the leading edge of the original pulse by the
amount of the delay across the AND gate
itself. Figure 8 illustrates this. The short de-
lays shown on waveform C are due to the
AND gate propagation delay. For most situa-
tions, this is carrying propagation delay
accounting to extremes, but in certain high
speed circuits each delay may have to be
accounted for. If 20 or 30 gates are involved,
the cumulative effects add up rather fast.

Also to be considered is the capacitive
effect of the interconnection lines: the dis-
tributed and stray capacitance which are in
parallel with the output of each gate add
slightly to delay times. It takes a finite
amount of time to charge this capacitance at

A
]

Figure 8: A magnified view of the pulse
shown in figure 7. The output pulse is de-
layved by the propagation time of the AND
gate. This time varies but is typically about
10 ns for normal transistor-transistor logic,
less for the high speed and Schottky version
and more for the low power integrated
cireuits.
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each gate turn on, and the gate will not
switch until a certain voltage input level is
reached. All of which leads right into the last
subject 1I'd like to touch on. How do you see
all this in an actual circuit? Believe me when
| say that it takes a good oscilloscope. To
have a good display in the tens of nano-
seconds range, it takes an oscilloscope with
a bandwidth of at least 60 to 100 MHz.

Does this mean that anyone without such
an oscilloscope can't do much with higher
speed TTL? Not necessarily. Remember we
said that propagation delay only becomes
a problem at high speeds and multiple gate
delays, There are a number of ways around
this. One is to keep clock frequencies and

data changes as slow as possible. Don’t use
a fast clock or data encoding just for the
sake of speed, run it as fast as necessary
and no faster. If you can tolerate a slow
clock speed, use it. Another method is to
try and bring each data line that is to be
gated with another line through the same
number of gates as the line it is to be gated
with. In other words, if one line originates
at about the same source as another that it
is to be gated with, but passes through 9
levels of gating, and the other line passes
through 3, the delays at high speeds can be
a problem. This could be compensated for
by changing the way the lines are gated to
bring the delays in-each line closer to the
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same length. Another help in extreme cases
is to run the line with the lesser number of
gates through several pairs of inverters. This
introduces a delay to compensate for the
delay in the other line. In other words,
make the faster line wait for the slower one.
An even better solution is to design your
circuits “synchronously” so that only one
clock source ever changes the state of a flip
flop or memory cell.

As to seeing these problems on the slower
oscilloscopes, there are several hints that will
help. Very little serious work with timing
relationships can be undertaken without a
dual trace capability (although a good deal
can be done otherwise with TTL with just
a single trace scope). Even with a dual trace
oscilloscope, the fastest sweep speed may
not reveal a lot of timing detail if not set up
correctly and the alternate sweeps may not
be time correlated without a common syn-
chronization signal. A number of tests can
be made with a single trace oscilloscope if it
has provisions for external synchronization.

In general, synchronize the oscilloscope
sweep as far ahead in time as is realistic for
the signals in question, in order to allow
time for the sweep to start before the pulse
actually arrives. It goes without saying that
the synchronization signal must be common
to all signals being examined.

If you still can’t see any difference, try
estimating the approximate delay for each
line from source to common logic block.
Most logic handbooks list typical delays for
integrated circuits. If the problem is in a
counter circuit of some type which counts
“up,” the count for a given sequence will
usually be too high in value if delay prob-
lems are the cause. Rarely will the count of
an “up” counter be too low, as the usual
situation is advancing the counter by an ex-
tra pulse generated by mismatched delays,
especially if a ot of exclusive ORing is being
done. The situation where early turn off or
disabling of the counter causes a missed
count is quite unlikely, mainly because the
delay is of a much shorter duration than the
pulses being counted.

These problems are all good to be aware
of, but don't let them deter you from start-
ing that project you were thinking about.
You may go a long time before you see one
of the problems described. Don't let the
lack of a superb oscilloscope deter you
either. A lot of very intricate and fast digi-
tal circuitry is being built every day with
nothing more than a single trace 1 MHz AC
coupled oscilloscope. With a little experi-
ence, you can tell a great deal about a given
TTL circuit with one of these inexpensive
oscilloscopes.®
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A Low-Speed Analog-to-Digital
Converter for the Apple II

The development of micropro-
cessor-based computer systems has
progressed to the point where it is
now practical to utilize these systems
in a scientific or laboratory applica-
tion. To be useful in a scientific appli-
cation the computer must have the
capability of converting analog
signals to digital signals. Very few
home computers have this capability.
Certainly it is a straightforward task
to design an analog-to-digital con-
verter (ADC), but the real problem
lies in connecting the converter to the
computer,

The Apple Il computer, with 8
peripheral-board connectors on the
mother board, makes the job of
designing and implementing special
interfaces (such as the ADC) rela-
tively easy. The peripheral-board
connectors give the hardware
designer access to all address, data,
and control lines. In addition all con-
trol, address, and data lines have
been buffered, and certain address
bits have been decoded to give a
device select (DS) signal. What
this means is that when a specific
range of address locations is accessed,
the DS line will give a low output
signal. Since the peripheral-board
connectors are on the main computer

About the Author

Richard Hallgren is an Assistant Professor in
the Dept of Biomechanics at Michigan State
University. He is working on the application of
microprocessor-based systems in scientific
research.
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Number Type +5V GND -5V
IC1 MC14028 16 8 =
IC2 MC14049 1 8 —
IC3 SN7427 14 7 —
IC4 MC14013 14 7 =
1C5 MC14433 24 13 12
1C6 ADS580 — — —
IC7 MC14503 16 8 ==
IC8 MC14503 16 8 ==
IC9 DM7432 14 7 —

Table 1: Voltages which must be supplied
to integrated circuits in figure 1 for
operating power.

board, the finished interface board
will be inside the computer and will
be able to use the computer’s power
supply. Because of these character-
istics, turning the Apple Il into a real-
time data analyzer becomes a matter
of designing an analog-to-digital con-
verter circuit, and control logic to
meet the need of the application.

Many of the applications that [ had
in mind were to be of a low-speed
nature (eg: monitoring the tempera-
ture of experimental animals in
medical physiology laboratories,
analyzing the results of elec-
trophoretic analysis). Therefore, a
low-speed analog-to-digital converter
built around the Motorola M(C14433
integrated circuit seemed to be a cost
effective approach. I was inspired by
Steve Ciarcia’s article, “On a Test
Equipment Diet? Try an 8 Channel
DVM Cocktail!” (December 1977
BYTE, page 76).

The left section of figure 1 shows
the analog-to-digital converter cir-

cuitry. All data and status lines to the
computer are isolated through the
MC14503 3-state buffers (IC7 and
IC8). The MC14433 (IC5) is allowed
to convert continuously at a rate of
approximately 15 conversions per
second. This means that if the data
transfer to memory starts immedi-
ately after the conversion ends, the
Apple II can easily decode and store
the data from one conversion before
another conversion occurs. IC4, con-
figured as an RS flip-flop that is in-
itially reset by the computer, is set by
the MC14433 after an analog-to-
digital conversion has been com-
pleted. When the computer senses
this change in status, it starts the
decoding and data transfer process.
IC6 is an AD 580 used to provide a
stable reference voltage to the
MC14433.

The right section of figure 1 shows
the control logic that is necessary to
coordinate the transfer of data to the
computer, and control signals from
the computer. The circuit is designed
so that the peripheral card resides in
[/O (input/output) slot 7 on the
Apple II mother board. The device
select signal will go low whenever
hexadecimal memory locations COF0
thru COFF are addressed. The least

Text continued on page 74

Figure 1: Schematic diagram of analog-to-
digital-conversion circuit and associated
control-logic circuitry. The analog-to-
digital (A/D) convertor is shown on the
left side, the control logic on the right

side. I
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Circle 379 on inquiry card.
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Originate/Auto-Answer

ALL
NEw $799:00

300 or 1200 Baud
Bell 212 Compatible
FCC Certilied
RS232

Hall/Full Duplex on
Dial-up Phone Lines
1 year warranly
Stand Alone

; PERKIN-
ELMER
BANTAM

$799.00

All the Features of the
Hazeltine 1400 & LS| ADM-3A
Plus

Upper/Lower Case
7 x 10 Char Matnx
White or Black Char
Transparent Mode
Addressable Cursor

Tab Function

Backspace Key

Shiftlock Key

Print Key

Integrated Numer
Pad

CALL FROM
BASIC ROUTINE

SAVE A, X, AND
Y REGISTERS

INITIALIZE
DATA STORAGE
LOCATION

$41 61 per month

Lease-Purchase

$1095.00

TELETYPE
MODEL 43
KSR with RS232
10 or 30 CHAR/SEC
132 COLUMNS

UPPER/LOWER CASE

USR-310
Originate
Acoustic

Coupler
Stand Alone
RS232
USR-330
Originate
Auto-Answer

$339.00 Modem

FCC Certified for Direct Connection
to Phone Lines

USR-320 Auto-Answer
Only Modem $319.00

$159.00
0-300 Baud
Crystal Controlled

All Unmits include a 120 day warranty
Oputonal Maintenance package available

Any Product may be returned
within 10 days for a full refund.

U.S. ROBOTICS, INC.
1035 W. LAKE ST.

(312) 733-0497
(312) 733-0498
(312) 733-0499

Sales
General Offices
Service
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ARE ALL
LOCATIONS
FILLED
P

YES

RETURN TO
BASIC ROUTINE

TIME

NO

TO TAKE
SAMPLE
5

YES

INPUT DIGIT
CODE AND DIGIT

NO

Figure 2: Flowchart of the machine language subroutine which takes samples from the
analog-to-digital converter. This code is written for the 6502 processor used in the

Apple 1.

NO CORRECT
DIGIT
3
YES
STORE DIGIT
DIGITS

TAKEN

<




CENTRONICS
DELIVERS THE WORD
ON COMPUTER PRINTERS.

To get th'e most from a computer system, you need a permanent written record —
information that you can use for reports, correspondence, or just about anything.
For that, Centronics printers deliver the word.

From top left, clockwise: Model 700 Impact printer, 60 cps, 132 column format. Model 779 Impact printer, 60 cps, economical forms handling. Model 701 Impact

printer, 60 cps, bidirectional, 132 column format. Model 51 Non-impact micro
paper handling. Model P1 Non-impact microprinter, 150 Ipm, no toners or ribbons,

srinter, RS-232 serial interface, 150 lpm. Model 730 Impact printer, 50 cps, 3-in-1

Who is Centronics, anyway?

Centronics has long been the world leader
in providing printers to the computer indus-
try. For small, economical computer systems —
like the ones at your local retail computer
store —we manufacture more printers than
wﬁfone. That’s quite a track record.

at does that mean to me?

If you own—or plan to purchase —a small

business or home computer system, you

by Centronics’ comprehensive warranty and
service program.
Where can I find Centronics Printers?

At any of the hundreds of Centronics
dealers coast-to-coast. It's worth the visit:
your Centronics dealer is an expert who can
explain the differences in printers and help
make sure that the one you choose has thc
right features for your system and the way
you use it. Plus, many of our dealers are also

can have the best B - s |oanathonzed Genc
printer available any- I [0 Give me the word on Centronics Printers, including the ‘ tronics Service
where: Centronics. name and address of the Authorized Centronics Dealer(s) Distributors which
. nearest me. .
We Of.fer the widest | O I'm interested in your dealer program. Please send information I 18 helpﬁ'ﬂ Whe_n
selection of speeds, I on how to become an Authorized Centronics Dealer/Service | you need routine
sizes, applications, | Distributor. | maintenance and
and prices. All inter- | Namie l a godsend if you
face with most mini e have a problem.
and micro computer | 't€ | Selection.
systems. Every mod- | Company Phone I Proven perform-
cfatures e same, | pgires e
ity, and attentionto | City State Zip | That’s why
detail that have made ® Centronics
Conics 1. And || CENTRDNICS | ptors detiver
every one is backed Centronics Data Computer Corp., Hudson, NH 03051, (603) 883-0111 | the word.
e e e |

Circle 46 on inquiry card.
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Address Instruction

4000
4003
4006
4009
400A
400C
400E
4010
4012
4014
4016
4019
401B
401E
401F
4022
4024
4026
4029
402C
402F
4030
4031
4032
4033
4036
4037
4038
4039
403A
4038
403C
403D
403E
403F
4040
4043
4046
4048
404A
404C
404F
4052
4054
4056
4058
405B
405D

405F
4061

4062
4064
4066
4068
4069
4068
406E
4071

4073
4075
4077
407A
407C
407E
4080
4081

4083
4085
4087
4088
408A
408D
4090
4092
4094
4096
4099
4098
409D
409F
40A0

74

AD BO
8E Bt
8C B2

4C 1E
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49
49
49

49
49
49

49
49

40

Cco
co

49

Cco
49

49

Cco
49

49

Op Code Operand Comments

LDA
STX
STY
PHP
LDX
LDA
STA
LDA
STA
LDA
STA
LDA
STA
SEI
LDA
CMP
BNE
LDA
LDX
LDY
PLP
RTS
CL
NOP
JMP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
STA
LDA
AND
CMP
BNE
LDA
STA
AND
CMP
BNE
LDA
AND
STA

LDY
INY
STY
BNE
LDY
INY
STY
LDA
STA
AND
CMP
BNE
LDA
AND
STA
LDY
INY
STY
BNE
LDY
INY
STY
LDA
STA
AND
CMP
BNE
LDA
AND
STA
LDY
INY
STY

$49B0
$49B1
$49B2

#$00
#3$00
$0A
#54A
$0B
#$00
$49A0
#$4E
$49A1

$49A1
$0B

$4031
$49B0
$49B1
$49B82

$401E

$COF2
$COF1
#$80
#$80
$4043
$COFO
$49A2
#$80
#$80
$404C
$49A2
#S0F
($0A.X)

$0A

$0A
$406B
$0B

$0B
$COFO
$49A2
#3540
#540
$406B
$49A2
#50F
($0A.X)
$0A

$0A
$408A
$0B

$0B
$COF0
$49A2
#$20
#320
$408A
$49A2
#30F
($0A,X)
$0A

$0A

Save registers

Starting location of data storage

Final location of data storage
Disable interrupt

Have all data locations been filled?

Enable Interrupt

Start A/ID conversion

A/D conversion finished?

Input data

Temporary data storage

Check for first digit (MSD)

Peel off digit code leaving data

Store data

Increment lower 8 bits of data storage
Carry out to upper 8 bits?

Increment upper 8 bits of data storage

Input data

Check for second digit

Peel off digit code leaving data

Store data

Increment lower 8 bits of data storage
Carry out to upper 8 bits?

Increment upper 8 bits of data storage

Input data
Check for third digit
Peel off digit code leaving data

Store data

Increment lower B bits of data storage

Listing 1: The machine language
subroutine for collecting data from the
analog-to-digital converter, here shown in
assembly language format, Memory loca-
tions O3FE and O3FF contain the hex-
adecimal interrupt jump vector 4040,
which is the entry point of this routine.

Text continued from page 70:

significant 4 bits of the address are
decoded by IC1 and are used for on
board addressing. Performing a store
accumulator (STA) operation to loca-
tion COF2 causes the SC (start conver-
sion) line to go high and resets the
flip-flop IC4. Performing a LDA
(load accumulator) from hexadecimal
location COF1 transfers the end of
conversion (EOC) and overrange
(OR) status data into the computer,
Performing a LDA from location
COF0 transfers the digit-select code
and the binary coded decimal (BCD)
value of the particular digit selected
into the computer.

The software portion of the analog-
to-digital converter project is divided
into 2 parts:

® A machine language routine to
provide high-speed transfer of
data from the MC14433 to the
computer memory.

® A BASIC routine written in
Applesoft floating-point BASIC to
take the data in memory and for-
mat it into a voltage that can be
displayed as a function of time
with the high-resolution graphics
routine,

Since the Apple II does not have an
internal real-time clock, I decided to
use the interrupt request line (IRQ)
as an input for an external clock. The
advantage to this is that a calibrated
pulse generator can be used to deter-
mine the sampling rate. If desired, the
computer can perform other tasks
between samples. Knowing when
each sample was taken makes it possi-
ble to display the data as a function of
time with the high-resolution
graphics routine. Since the Apple II
high-resolution graphics allows the
display of 256 points 1 decided to
store 256 points in memory before
displaying the data, but there is no
reason why the data could not be
displayed as it is taken. Figure 2
shows the flowchart of the machine
language program, and listing 1
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6809!

it

.

T

»”

® 6809
16 bit internal arithmetic
Hardware multiplication
Two stack pointers
Two index registers
18 addressing modes
Fully relocatable code
Five interrupts
Up to three times the
throughput of a 4MHz Z-80

S-100 Compatibility.6809 Computability.

1K RAM

10K PROM space

MONBUG Il monitor included

2400 baud cassette interface

20 I/O lines

RS-232 level shifters

Real time clock

DMA

Parallel keyboard input

Memory-mapped video output

Fully S-100 compatible
(including 8080 type 1/0)

A complete system, ready to use.

MD-690a Single Board Computer

$239 kit

$299 assembled

6802 Processor also available
Ask about 6802, 6809 and Z80 systems.

\

i
!_ Please rush the following: [
I | »
I 1 CPU Card (Kkit) I M D Sy
| [1 CPU Card (assembled) | Icro a s
I = P.O. Box 36051
e = | Los Angeles, CA 90036
| Company —— e (213) 935-4555
City _ = = s TR
| stateizip N Ty T |
e R !
CA residents add 6%.
Visa and Mastercharge accepted.
Circle 221 on inquiry card. BYTE September 1979
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40A2
40A4
40A86
40A7
40A9
40AC
40AF
40B1
40B3
40B5
40B8
40BA
40BC
40BE
40BF
40C1
40C3
40C5
40C6
40C8
40CA

Listing 2: Program in Applesoft floating point BASIC which calls the machine language
routine of listing 1 and then formats and displays the data received, using the high-

DO 05  BNE  $40A9
A4 0B  LDY  $0B

c8 INY

84 OB  STY  $0B

AD FO CO LDA  $COFO
8D A2 49 STA  $49A2
29 10  AND  #810

C9 10  CMP  #810

DO F4  BNE  $40A9
AD A2 49 LDA  $49A2
29 OF  AND  #$0OF
81 0A STA  ($0AX)
A4 OA  LDY  $0A

c8 INY

84 OA  STY  $0A

DO 05  BNE  $40C8
A4 OB DY  $0B

c8 INY

84 OB  STY  $0B

A5 45 DA  $45
40 RTI

Carry out to upper 8 bits?
Increment upper 8 bits of data storage

Input data
Check for LSD (least significant digit)

Peel off digit code leaving data

Store data

Increment lower 8 bits of data storage
Carry out to upper 8 bits?

Increment upper 8 bits of data storage

Return from interrupt

resolution graphics capability of the Apple 1.

100
101
102
110
111
112

113
115
120
122
124
126
128
130
132
134
140

150
160
200
202
204
208
210
212
214
216
218
220
222
224
226
228
230
232
234
236
238
240
242
246
248
250
252
260
262

76

Program

DIM Z (300)
HOME

GOTO 1000
CALL 16384
HOME : VTAB 24

Comments

Machine language routine

PRINT "THE DIGITIZED DATA IS
BEING FORMATTED FOR PLOT

|
X=18944
FOR J=0 TO 255
V1= PEEK (X)
V2 = PEEK (X + 1)
V3=PEEK (X + 2)
V4 = PEEK (X + 3)
X=X + 4
IFV1 > 7THEN V1 = 0
IF V1 = 0 THEN GOTO 140

1
STR$ (V1) + STR$ (V2) +
STR$ (V3) + STR$ (V4)
ZW) = VAL (V$)/1000

NEXT J

HGR: HCOLOR = 3
HPLOT 20,0 TO 20,150
HPLOT TO 279,150
HPLOT 18,0 TO 22,0
HPLOT 18,10 TO 22,10
HPLOT 18,20 TO 22,20
HPLOT 18,30 TO 22,30
HPLOT 18,40 TO 22,40
HPLOT 18,50 TO 22,50
HPLOT 18,60 TO 22,60
HPLOT 18,70 TO 22,70
HPLOT 18,80 TO 22,80
HPLOT 18,80 TO 22,90
HPLOT 18,100 TO 22,100
HPLOT 18,110 TO 22,110
HPLOT 18,120 TO 22,120
HPLOT 18,130 TO 22,130
HPLOT 18,140 TO 22,140
HPLOT 18,150 TO 22,150
HPLOT 4,47 TO 4,53
HPLOT 7,53

HPLOT 10,47 TO 10,53
HPLOT TO 14,53

HPLOT TO 14,47

HPLOT TO 10,47

HPLOT 7,103

HPLOT 14,97 TO 10,97

T

Vi

(||
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Starting address of data

Get first digit (MSD)
Get second digit

Get third digit

Get fourth digit (LSD)

Decode MSD

Convert digits into voltage XXX.X

High-resolution graphics

Plot X-Y axis

Listing 2 continued on page 78

Figure 3: Flowchart of the BASIC pro-
gram which calls the machine language
subroutine, formats the data obtained
from the analog-to-digital converter, and
displays it using high-resolution graphics.

( START J

CALL MACHINE
LANGUAGE ROUTINE

INITIALIZE
DATA STORAGE
LOCATION

b

GET 4 DIGITS

FORMAT INTO
VOLTAGE

ARE ALL

PLOT X, Y AXIS

PLOT VOLTAGE
SAMPLES

DIGITIZE
NEW DATA

shows the coded program with com-
ments.

Upon entering the subroutine, all
of the necessary registers are saved to
enable a successful return from
subroutine. The first thing that
happens is that the end of conversion
flip-flop is reset and the program
loops until the MC14433 completes
the next conversion and sets the flip-
flop. The program then samples the
data lines and decides whether or not
the data represents the most signifi-
cant piece of data. If it does not, the
program continues to sample the data
lines until the most significant piece
of data has been obtained. This
datum is then stored in memory, the
memory storage locations are in-



snnouncement |. The first eight Personal
‘rograms®™ from Aladdin Automation are
vaiting for you now at your neighborhood
omputer retailer or direct from Aladdin.

low you can get your full share of Aladdin
1agic in every one of these Personal
‘rograms™

ath-Ter-Mind® A delightful.

educational learning experience

for your pre-school child. Watch
1e smile on your child’s face as a correct
nswer makes the mathematician smile on the
creen before you. A nursery song also serves
5 a reward for learning elementary addition
nd subtraction. With Aladdin’s Math-Ter-
lind® your child’s pathway to learning will be
in-filled for both of you. Math-Ter-Mind™.
ne first release from the Aladdin Education®™
eries. (nursery song currently available only
n Apple |1 program)

unar Lander [n a controlled

descent, you're just seconds away

from your first landing on the cold,
rbidding surface of the moon. As you
avigate your delicate spacecraft downward to
e safety of Moonbase, you must be ever
atchful of the dangers rising to meet you with
ach passing moment: a fuel level fast
pproaching zero; deadly meteor showers that
ome from any direction, at any time; sheer-
iced rock cliffs and rough terrain: choosing
e correct landing pattern and rate of descent
laddin’s Lunar Lander. Your chance to reach
ut and touch the stars . . . without leaving the
afety and comfort of your own chair. The first
lease from the Aladdin Simulation®™ Series.

raps  All eyes in the casino are

on you. The dice are in your

hands. Lady Luck sits at your
shoulder, whispering “"Just one more time.
Try your luck just one more time.~" You throw
.. . and watch the dice tumbling on the
screen. With Aladdin’s Craps you play against
the computer, so it's awfully tough to win. But
when you do, 1t's an experience you're likely
never to forget. Craps. An exciting, heart-
pounding Personal Program®. The first release
from the Aladdin Las Vegas®™ Series

astermind A challenging game

of intngue, centuries old, that will

give you full chance to test your
powers of logic, deduction and reason. And
test them you will, as you try and solve the
computer's puzzle, using clues as they're
provided one-by-one. You control the degree of
difficulty in this classic Personal Program® that
offers one simple. yet all-consuming challenge:
beat the Mastermind in a direct, one-on-one
battle of wits. Aladdin’s Mastermind. The first
release from the Aladdin Old Favorites™ Series

ic-Tac-Toe Five different levels

of difficulty allow a person of any

age or skill to take part in this
relaxing. enjoyable game that can act as a
learning tool, as well. Level |, for example. 1s
suitable for children and s excellent also for
teaching simple mathematics. The computer
plays just about perfectly at Level V. Just
about, that is. so go ahead and take your best
shot. See if you can beat the computer in this
traditional favorite of young and old alike
Tic-Tac-Toe. Another first release from the
Aladdin Old Favorites™ Senes.

ungle Island® Shipwrecked in a

raging storm at sea, miraculously

you survive only to find yourself

stranded on a seemingly deserted jungle
island. Without food, water or supplies of any
kind, you begin to try and find your way to
safety. The computer will be your eyes and
ears as you explore your jungle island and all
the mysteries and dangers that lie in wait for
you. Jungle Island® A captivating first
release from the Aladdin Adventure® Series

tix® Aladdin’s Stix™ can be

played with 2 to 5 piles of sticks

and between 1 and 19 sticks in
each pile. The object: to be the one to pick up
the last stick. Sounds simple? Yes. but you're
playing against the computer. Take heart,
though, because you can control the degree of
difficulty in this update of the ancient game of
Nim. Stix®. Another first release from the
Aladdin Old Favorites™ Series

uper Pro Football® Here's your

chance to be more than just an

armchair quarterback. With
Aladdin’s Super Pro Football® you can replay
any Super Bowl game, from the first, between
Green Bay and Oakland, to last year's classic
victory by Pittsburgh over Dallas. For once you
can turn back the clock and go for that one big
play that made the difference between victory
and defeat in pro football’s biggest game of all
Super Pro Football®. The first exciting release
from the Aladdin Super Pro™ Series.

Visit your neighborhood computer retailer or
contact Aladdin direct to get your full share of
the magic in Announcement |, the first eight
Personal Programs™ from Aladdin Automation

ath-Ter-Mind® Lunar Lander Craps

Mastermind Tic-Tac-Toe

Super Pro Football®

Velcome to the All-New World of
laddin. And Get Ready to

lake Your Own Magic

rcle 3 on inquiry card.

3420 Kenyon Street, Ste. 131, San Diego, CA 92110

opyright 1978 by Aladdin Automation

Design and copy by Campbell Marsh Graphic Communications



Listing 2 continued:

264 HPLOT TO 10,100

266 HPLOT TO 14,100

268 HPLOT TO 14,103

270 HPLOT TO 10,103

272 HPLOT 14,147 TO 10,147

274 HPLOT TO 10,1563

276 HPLOT TO 14,153

278 HPLOT TO 14,147

280 HPLOT 30,148 TO 30,152

281 HPLOT 40,148 TO 40,152: HPLOT
50,148 TO 50,152

282 HPLOT 60,148 TO 60,152: HPLOT
70,148 TO 70,152

283 HPLOT 80,148 TO 80,152: HPLOT
90,148 TO 90,152

284 HPLOT 100,148 TO 100,152: HPLOT
110,148 TO 110,152

285 HPLOT 120,148 TO 120,152: HPLOT
130,148 TO 130,152

286 HPLOT 140,148 TO 140,152: HPLOT
150,148 TO 150,152

287 HPLOT 160,148 TO 160,152: HPLOT
170,148 TO 170,152

288 HPLOT 180,148 TO 180,152: HPLOT
190,148 TO 190,152

289 HPLOT 200,148 TO 200,152: HPLOT
210,148 TO 210,152

290 HPLOT 220,148 TO 220,152; HPLOT
230,148 TO 230,152

291 HPLOT 240,148 TO 240,152: HPLOT
250,148 TO 250,152

292 HPLOT 260,148 TO 260,152: HPLOT
270,148 TO 270,152

300 FORJ = 0 TO 255

310 HPLOT J + 20,150 — (Z(J) * 100) Plot voltage

320 EXT J

1000 PRINT ""PRESS RETURN TO START A/D"'

1010 = PEEK ( — 16384)

1012 POKE — 16368,0

1014 IF K > 127 THEN GOTO 1020

1016 GOTO 1010

1020 TEXT

1022 HOME

1024 VTAB 24

1026 PRINT *‘256 DATA POINTS ARE
BEING DIGITIZED"

1028 GOTO 110

1099 END

cremented, and the program begins to
look for the 2nd piece of data. After
the 4 digits representing the digitized
voltage have been stored, the pro-
gram checks to see if 256 samples
have been stored. If they have not,
control returns to the beginning of the
subroutine. When all 256 samples
have been stored, the program
returns to the BASIC routine which
called it.

The BASIC routine has the task of
assembling the 4 digits from each con-
version into a single number which is
equal to the measured voltage. A
flowchart is shown in figure 3. The
machine language assembly routine
has previously taken each of the 4
digits from a single conversion and
has stored them in individual
memory locations. The BASIC
routine uses the string manipulation
capabilities of Applesoft BASIC to
fetch each digit from its memory loca-
tion and to assemble all 4 digits into a
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single 4-digit voltage. After all 256
conversions have been changed into
voltages and stored in a matrix array,
the high-resolution graphics routine is
called and the voltages are plotted as
a function of time. It is convenient to
have the voltages stored in a matrix
array so that if further analysis of the
data is required it can be easily
retrieved. Listing 2 shows the coded
BASIC program with comments.

To demonstrate the ability of a
system to digitize and display low-
frequency signals, a waveform
generator was connected to the
analog-to-digital converter. Photo 1
shows a 0.05 Hz sine wave which was
digitized at 10 samples per second.
Photo 2 shows a 0.05 Hz triangular
wave which was digitized at 10
samples per second. Photo 3 shows a
0.001 Hz sine wave which was digitiz-
ed at 1 sample per minute, The results
are even more impressive when you
consider that this is a data-acquisition

Photo 1: High-resolution display of a 0.05
Hz sine wave signal which has been
digitized at 10 samples per second.

Photo 2: Display of a 0.05 Hz triangular
wave digitized at 10 samples per second.

D DATA 16 BEING FORMATIED
0 SR Ab

Photo 3: Display of a 0.001 Hz sine wave
digitized at 1 sample per minute.

system costing less than $2,000.

At present, a high-speed analog-to-
digital converter is being constructed
to digitize and analyze the electro-
myographic voltages which come
from muscles. This will allow an in-
vestigator to gather data for further

analysis of the complex neural-
impulse waveform resulting from
stretching a muscle. I anticipate that
once researchers become aware of the
data acquisition, data analysis, and
system control that are possible with
these low-cost systems, there will be a
drastic increase in their use.®

Circle 99 on inquiry card. —pm



DIABLO PROVES
LOOKS ARE EVERYTHING.

With Diablo’s printers and terminals, you can always be sure that beauty will be
in the eyes of the beholder. Because no one knows more about print wheel thImolog\' than
the company that invented it in the first place.

Diablo’s metal and plastic wheel printers have established industry standards for crisp,
clear characters, propor tional spacing, and uniform density.

So, when you're u,ady to choose a printer for your own computer, pick the one that
ploduas plCtLllL puﬁct 0110111.115 every time.

If you really want to look good, remember this. With Diablo, you'll always look

your best. 4
Diablo Systems

Diablo®is a registered rademark of XEROX CORPORATION. XEROX




4Jp Your
Output.

MULTI-TASKING!

The TEMPOS Operating System is quickly becoming the standard in Multi-
User, Multi-Tasking operating systems for 8080 and Z80 microcomputers.
Multi-Tasking means that, even with only one user at one terminal, more
than one job can be running on the system simultaneously! If you have ever
had to go get a cup of coffee while you wait for your computer to print list-
ings, you know the advantages of a system that will handle one job while
you are working on another. TEMPOS is a true time sharing system, and
the maximum number of jobs is limited only by your memory.

MULTI-USER!

Want to share your computer with another user? With TEMPOS all it takes
is another terminal . . . up to seven interactive terminals are allowed! And
with Re-Entrant programs, each user does not need a complete copy in
memory. We include three Re-Entrant programs (the OPUS/THREE High-
Level Language, the TEXTED Text Editor, and FILES, a disc file
directory/manipulator) or write your own! In addition, we include an
assembler, a linking loader, over a half-dozen other utility programs and
over 60 system subroutines, callable by the programmer!

PROVEN!

With TEMPOS, you get a package that has been tested in our facilities for
over two years, and in the field at over 50 different installations. We have
used this system ourselves for everything from writing high-level languages
to developing applications to text editing to games. TEMPOS is undoubted-
ly the most flexible software tool on the market . . . and you can have it for
much less than you think!

COMPATIBLE!

TEMPOS is available for many different systems; pre-written drivers may
include yours. Or, using our interactive System Generation Routine, you
can add your own. Call or write now for our free catalog and the name of a
dealer near you. The TEMPOS Operating System is available for $787.00,
the manual set (price may be credited toward the purchase of the TEMPOS
package) for $21.50 (prices include shipping within the U.S.).

ADMINISTRATIVE
OOSYSTEMS
OOOINC.
00

1642 S. Parker Road, Suite 300, Denver, Colorado 80231
(303) 755-9694
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EXPAND YOUR
COMPUTER’S
POTENTIAL WITH
NEW TIMESHARING
SERVICE

Compuserve, a Columbus
Ohio computer service
organization which services
more than 650 commercial
customers including govern-
ment agencies, financial
institutions, and large cor-
porations, has recently ex-
panded its services to en-
compass the personal com-
puter user. MicroNET is a
computer timesharing and
software distribution service
for home and small business
applications. The service
costs $5 per connect hour.
The MicroNET system may
be accessed via telephone
service in 25 major metro-
politan areas. It is available
between the hours of 6 PM
and 5 AM on weekdays, as
well as all day Saturday,
Sunday and holidays.

According to the com-
pany, the personal computer
owner will be able to use a
variety of computer pro-
grams on a timesharing
basis; communicate with
other MicroNET customers;
buy and sell software
through the network; and
obtain additional on-line
storage. The MicroNET
timesharing library includes
a large selection of programs
in several categories inclu-
ding personal programs,
educational aids, business
applications, games and
simulations, programming
languages, and programming
and diagnostic tools. Most
of the programs in the
MicroNET library are
available at no charge other
than the basic connect time
rate.

All connect time charges
and software purchases will
be billed through use of
credit card information
which is provided by the

BYTEs Bits

customer. For a Service
Application form and more
information, write to Per-
sonal Computing Division,
CompuServe Inc, 5000 Ar-
lington Centre Blvd, Colum-
bus OH 43220, or call (614)
457-8600.

NOTES ON
BULLETIN BOARD

The Computerized
Bulletin Board System
(CBBS) in the Atlanta GA
area is no longer being
operated by DC Hayes
Associates Inc. The Atlanta
system is now being
operated by the Atlanta
Computer Society. The
telephone number has been
changed to (404) 394-4220.
A description of a CBBS ap-
peared in the article entitled
“Hobbyist Computerized
Bulletin Board” by Ward
Christensen and Randy
Suess, (November 1978
BYTE, page 150).

CITRUS COLLEGE
OFFERS PERSONAL
COMPUTING COURSES

Citrus College in Azusa
CA is offering 2 personal
computing courses to com-
mence September 1979. Each
class is 18 weeks long. The
classes are:

Personal Computing
-Building and Using (DP
115) Basic construction
techniques, reading sim-
ple logic diagrams,
debugging circuits, simple
assembler, and simple
BASIC.
Personal Computing
-Software (DP 116) Pro-
gramming in 6800 and
8080 assembly language.
For further information,
contact Ed Keith, Citrus
College, 18824 E Foothill
Blvd, Azusa CA 91702.m



THE BRAIN is the single topic of the
September issue of SCIENTIFIC AMERICAN

Is the brain a computer?
What is the role of chemistry
in brain function? Is the capa-
city of speech “hard-wired”
into the brain? Where in the
brain is the mind?

These are questions that
will engage your interest
in the September issue of
SCIENTIFIC AMERICAN.

This issue does not, by any
means, tell you”how thebrain
works.” That remains one of
the most alluring and baffling
questions on the frontier of
understanding. The conver-
gence of work in many dis-
ciplines—from neurosurgery
to linguistics—has begun to
put that question, however, in
ways that can yield answers.

The deep new knowledge
about the brain, gathered at
an accelerating rate in recent
years, shows this organ to be
marvelously designed and
capacitated beyond the wonders with
which it was invested by ignorant
imagination.

Here are the articles:
® The Brain (Introduction)
® The Neuron
® Small Systems of Neurons
e The Organization of the Brain
® The Development of the Brain
® The Chemistry of the Brain
¢ Brain Mechanisms of Vision
® Brain Mechanisms of Movement
e Specializations of the Human Brain
e Disorders of the Human Brain
® Thinking about the Brain

WITH YOUR SUBSCRIPTION ...
THIS FREE BOOK
-

| | sapmne
| wiericay | ANCESTORS

- selection.
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As soon as your sub-
scription payment is
received, we will also
send you Human
Ancestors (regular
price: $5.00) as a bonus.
This 144-page anthol-
ogy reports the archae-
ological discoveries
that unveiled the evolu-
tionary stream leading
to Homo sapiens, cul-
minating in the growing
recognition of the role

i1 of toolmaking in the
process of natural

All the major advances in
science of the past three
decades have been reportedin
our pages by the scientists
who have done the research.
The collaboration of our
editors in the preparation of
text and illustration makes
this work accessible to a
steadily growing worldwide
readership.

Why not join us at the
frontiers of knowledge? You
will learn why The New York
Times calls our magazine
“This country’s and perhaps
the world’s outstanding
forum for communication
between the scientists and
the intelligent public.”

A one-year subscription,
at $18, saves you $6 on the
newsstand price of $2.00.

A two-year subscription, at
$33, saves $15. And a three-
year subscription, at $45,

Each of the authors of this issue has saves you $27.
made significant contribution to the Use the coupon below, or call toll
growing body of knowledge about the free: 1-800-648-5311.
brain. Together they offer a compre- (In Nevada call 800-992-5710.)
hensive exposition of present under- Send no money. We'll bill you.
standing and chart the way for con-

hamin: Illustration from Gregor Reisch’s Margarita
tinuing study. Philosophica, 1504.

With this issue the editors of
SCIENTIFIC AMERICAN continue a
30-year tradition of devoting each

September issue to a single topic of SC I E TI FIC
current scientific and public interest.

In the other monthly issuesour readers

enjoy a diversity of articles covering AM E RI CAN
the full range of disciplines.

SUBSCRIPTION RESERVATION
SCIENTIFIC AMERICAN 415 Madison Avenue, Dept. ZF, New York, N.Y. 10017

Yes, enter my subscription
to the monthly issues of
SCIENTIFIC AMERICAN for the

1

1 1
1 1
1 1
1 1
1 ]
] 1
i i
1

: term | have checked. As soon hame :
} asmy paymentis received, i
1 you will also send me—abso- Address 1
I |utely free—the 144-page :
| book Human Ancestors i
: (regular price: $5.00). City/State/Zip :
1 MY G UARANTEE O Start my subscription with September issue 1
1 1t 1 r—$18 0O 2years—$33 [ 3 years—$45 1
1 | may cancel my subscription O 1yea i
I to SCIENTIFIC AMERICAN at (save $8) {savafio) (save /) ]
| anytime and receive a refund O My payment is enclosed a Billme -
1 forthe unused balance. The (International rates outside U.S. and Canada: 1
I bonus book is mine to keep. 1year—$22 2years—$40 3 years—$55) ZF !
1

] 1
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Techaicsl Foruvm

Operating Systems

Let's Have Some UNIX-Inspired Software

Jim Howell, 5472 Playa Del Rey, San Jose CA 95123

I would like to add to the comments made by James
Jones ("Languages Forum,” April 1979 BYTE, page 245)
about operating systems.

First, I wholeheartedly agree with his letter. A job con-
trol language like OS/370 (or most other large systems,
for that matter) would be terrible for personal computer
use. Aside from the pile of job control required to do
anything, there are other problems with OS-like systems.
The numerous file formats and “access methods” make it
difficult for programs to work together. Specifying files
for the compiler or assembler to use as work files is a
nuisance. A file specification (DD statement) also re-
quires giving values for several parameters about which
the user usually doesn't care or shouldn't have to specity.
Some of these problems are helped by using procedures
(sets of job control that the computer vendor or local
systems programmer has stored on disk for general use),
but these may not be what you need, and they also take
up disk space. The space is not significant if your disks
store 100 megabytes, but it could be significant for flop-
py disk users.

I would like to strengthen Mr Jones' suggestions that
UNIX be used as a model for a microprocessor operating
system. (UNIX is a trademark of Bell Labs,) [ have used a
UNIX system at work for about a year and it is a very
pleasant system to work with. All files on UNIX are a
series of bytes: no structure within files are imposed by
the system. In particular, there is no concept of a “logical
record” in UNIX. A “logical record” is the (usually) fixed
size chunk in which files are read or written on big
systems; often 80 bytes (for card or card-image files), or
120 or 132 bytes (for line printers). On UNIX, the end of a
line in a text file is indicated by the use of a new-line
character. This new-line character (line feed on UNIX)
replaces the trailing blanks which are stored on systems
that use logical records. The new-line character is read or
written just like any other character. The size of a file is
determined by how many bytes are written to it; pre-
determination of the file size (by guessing?) is not
necessary, or even possible.

Job control language on UNIX is practically non-
existent. A command to run a program (such as a com-
piler or a user program) consists of the name of the pro-
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gram to be executed followed by any parameters that the
program needs, separated by blanks. (Parameters are
often file names and processing options.) The command
processor, which runs as a user program, reads the com-
mand line, divides it into “words,” and calls the system to
execute the desired program. This system call also passes
the parameters to the executed program. There is no need
to describe files in the command since programs need on-
ly the name of a file in order to access it. Block sizes and
such things are not required, even for new files, since
there is only one format for files.

The following is a summary of the major system calls
of UNIX that deal with file or an I/O (input/output)
device. A file name in the open and create calls can also
be a device name (such as the name for a terminal or
printer).

(name, mode) opens an existing file (or device)
for further operations. “Name” is a pointer to a
character string which is the name of the file (or
device) and “mode” indicates reading, writing, or
both.

(name, prot) creates a new file, deleting any old
file whose name is “name.” This new file is open-
ed for writing. (I would like to see a “mode”
argument for this call, in addition to the two
specified. This “mode” would mean the same as
it does for “open.”)

(fildes, buffer, length) reads up to “length” bytes
from the file whose descriptor is “fildes” into the
“buffer”. The file descriptor is a small, non-
negative integer which was returned by open or
create. The number of bytes actually read is
returned to the caller. A return of 0 means end of
file.

(fildes, buffer, length) writes “length bytes to the
file “fildes” from the “buffer.”

(fildes, offset, base) moves the read/write
pointer of the file “fildgs” to a new position
within the file. “Offset” is how far to move the
pointer, and “base” indicates from the start of the
file, from the current position, or from the end of
the file.

(fildes) closes a file.

Open

Create

Read

Write

Seek

Close

Each open file has a read/write pointer associated with



it. Each read or write call starts reading or writing at the
current pointer and advances the pointer by the number
of bytes read or written. By moving the read/write
pointer with the “seek” call, random access files (or even
indexed-sequential or other access methods) can be
implemented if required. Note that “read” and “write” are
the lowest levels of I/Q calls to the system, and that they
apply to all devices. All device-dependent processing is
inside of the operating system. The only thing that a user
program needs to know about a file after it is opened or
created is the returned number (file descriptor). There are
no “control blocks” or other system-imposed structures
in user programs. (System calls are available in UNIX to
determine the type of device that is associated with an
open file for the few programs that need this
information.)

Most current microprocessor operating systems use a
special character, such as control-z, to mark the end of
text files. These systems take the view that “binary” files
(files where all 256 possible bytes are valid) are only for
executable programs, and in this case reading a few extra
bytes from the last sector of the file will not cause any
problems. Such a scheme prevents the use of binary files
for other purposes where the exact end of the file must be
known. Possible uses include a work file written by a
compiler or assembler and libraries of subroutines in ob-
ject format for linking with other programs. (For example
you wouldn’t want a 20 byte absolute value function to
add 128 bytes to your program, simply because the end
of a sector is the best you can do at locating the end of the
function!) The end of a file should, as in UNIX, be indi-
cated by a count of the number of bytes in the file, and
the end of file when reading should be determined by
comparing the read/write pointer of the file to the end-of-
file byte count. (Writing past the end of a file causes the
end of file pointer to move to the new read/write pointer
position.)

The above is a description of some aspects of UNIX,
and is also intended to be used as guidelines in writing
any new operating systems for microprocessors (or even
big systems). One other thing that might be considered
by an operating system writer is the use of a high-level
language for most of the operating system and for the
programs that implement supplied commands. This
would allow the operating system to be moved to another
microprocessor without having to completely rewrite it.

I am about halfway through designing an operating
system along the lines of the above suggestions, (I started
before Mr Jones’ letter appeared in BYTE.) Eventually I
expect to implement it.

Let me conclude by listing three references which are
recommended to those who are implementing a usable
microprocessor operating system. The first two were also
mentioned by Mr Jones.®m

REFERENCES

1. Communications of the ACM, July 1974. A revised version of the
UNIX article appears in reference 3 below.

2. Software Tools by Kernighan and Plauger.

3. The Bell System Technical Journal, July thru August 1978, part 2.
This issue contains about fifteen papers on UNIX. Read especially
the first 3 or 4 papers, as well as the one called "UNIX on a
Microprocessor'' (single-user version on an LIS-11).
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If you own an
IBM Selectric®
you already have

a high quality output printer.

* Escon printer conversion fits right in

® Installation does not affect:

Shape or normal functioning of typewriter nor
eligibility for IBM warranty and service
Available in 5-100, Parallel, RS-232 or IEEE-488

Entire high quality printer system for TRS-80,
Apple, PET, Sorcerer, Horizon, etc.

¢ All systems assembled, tested and burnt-in

* Factory installations available; complete
systems with typewriter available
Prices* S-100 $496.00  Parallel $525.00
RS-232 $549.00 IEEE $575.00

*Prices valid in USA only

Escon Products, Inc.
171 Mayhew Way, Suite 204,
Pleasant Hill, CA 94523

(415) 935-4590

It,s@@[}@l—OGlc

for graphics!

NEW

ASSEMBLY LANGUAGE
3D GRAPHICS

FOR THE APPLEII...

Our 3D packages allow you lo animate 3D or
20 data bases created with standard XYZ coor-
dinates. The two users manuals (90 pages tolal)
are written at different technical levels to give all
Apple users a quick understanding of access
and uses from BASIC and assembly
language. The small 8K memory
requirement lets you use the
subroutine with most of your
educalional, scientific, and
game programs.
$45 (available August 25,
1979). Disc and relocat-
able cassette option
available.
W re open 9 1o 6. Monday thiu
Friday, central ime Give us a call

The engineering & graphics people

“supLOGIC

Box V, Savoy, IL 61874
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Soldering Techniques

Anyone who can get 3 objects into
the same vicinity can solder. Doing a
professional job, however, requires
some care and practice. This article
draws on my experience in teaching

William Trimmer
40 James St
Morris Plains NJ 07950

electronics and a fine pamphlet

prepared by NASA entitled “Solder-
ing Electrical Connections, A Hand-
book” (United States Printing Office,
NASA SP-5002).

Good soldering

Photo 1: After cleaning the tip of the soldering iron with a wet sponge, prepare it by

adding a dab of solder.

Photo 2: Before soldering, the joints should be mechanically fastened.
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techniques can save time,

ponents and frustration.

com-

Good Soldering Techniques

Good soldering starts with a clean
soldering iron tip and well-tinned
parts. Just prior to use, the hot solder-
ing iron should be cleaned by wiping
it across a wet sponge. The thermal
shock and wiping action will clean
the tip and remove the excess solder.
Then touch a bit of solder to the tip
(photo 1). The iron is now ready for
use. The parts to be soldered are
ready when the solder flows quickly
and evenly over their heated surfaces.
If this does not happen, clean the
parts by brushing, filing, or rubbing
with a pencil eraser. Next flow a thin
layer of solder over the clean surface.
The parts are now tinned and ready
to be soldered.

The prepared parts should be
mechanically fastened together before
making the soldering joint (photo 2).
The solder should not be expected to
supply mechanical strength. Clean
the soldering iron tip, and add a dab
of solder to the tip. Touch the
soldering iron to the heavier of the
parts to be joined, and begin wiping
the solder on the junction between the
two parts (photo 3).

Do not feed the solder into the
soldering iron tip. When the com-
ponents are hot enough, the solder
will begin to melt into the joint. The
solder should skate over the surfaces
like butter on a hot pan. Now you
must move quickly. Rapidly wipe the
entire length of the connection with
the solder, being careful not to apply
too much. The solder should flow
smoothly over the parts. If braided
wire is used, the strands should still
be visible (photo 4). Doing this well
takes a lot of practice. Now remove



Whether you need an acoustic or direct connect, your
Novation modem is in stock today at your nearby Ham-
ilton/Avnet location.

Novation makes a wide range of modems, each with built-
in economy, reliability, and quality that can enhance the
efficiency and aesthetics of your system. That includes
Cat™, a breakthrough for modems. Sleek, silent, compact,
Cat is Novation’s new acoustically coupled modem designed
especially for the small computer user, Easy to use, simple
to install, Cat is ideal for both small business and personal
computer applications.

You can get your Novation modem locally from us.

MODEMS, RIGHT NOW.

We have a complete on-hand selection of Novation modems,
plus all the other computer products you need, at each of
our locations nationwide.

And if you call our toll-free number, we’ll tell you about
our new Authorized Hamilton/Avnet Dealer program and
the name of your nearest Authorized Dealer. He has your
Novation modems in stock, too, as well as all the other
computer products you need.

Just call 1-800-421-4645 (in California call 1-800-252-
0627). You can get

your Novation modem,
right now.

Hamiltonly Qvnet

NOVATION FROM HAMILTON/AVNET

ROCKY MOUNTAIN

Salt Lake City  (BO1) 872-2800
" 1212
7651500

(213} 558 2121 5
(213) 558-2345 D (303}
Albuguergque {508
NORTH CENTRAL
CF 32

Jaak 2kl 678:6310
8413801

784-4610

546117 2
et e L (61
1602] 275-7851 14141

NORTHWEST
wIE m“E v San Francisco  (408) 743 3355 (913} 888.-8900
l.oc.ﬂ.l. mc“. Seattle (206) 7468750 [314) 731-1144
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GREAT LAKES
Cleveland
Dayton
Detrait

SOUTH CENTRAL
Dallas

Houstan

{216} 831-3500
(613) 433.0610
{313} 522.4700

1214} 661-B661
{713} 7801771
(512) 8378911

617) 273.76500
{315) 4372641
(716) 442-7820

METROPOLITAN
Long Island
Connecticut

MID ATLANTIC
Baltimore

Raleigh
SOUTHEAST CENTRAL

Atlanta

Hunisville

(516} 333.-5800
1203} 762-0361
No. New Jersey (201) 57

{301} 796.5000
So. New Jersoy (609) 4240100
(919} B28.8030

(404) 448-0B00
(205} B37.7210

World's largest local distributor with 39 locations stocking the world’s finest lines of system components

SOUTHERN CALIFORNIA
Hamilton, LA
Avnet, LA

SOUTHEAST

St Petersburg (8130 5763930
Miami (305} 871-2900
53380 CANADA

Toronto {416) B77-7432
Montreal (514) 3316443
Ottawa (613} 2261700
INTERNATIONAL

Telex 664329
Telephone [213) 5682441
Japan Telex 262.3774

Japan Telephone (03) 662.981]
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Photo 3: When soldering, touch the iron to the heaviest part. When the joint is hot
enough, the solder will melt on the side opposite the iron.

Photo 4: In a well-soldered braided wire,
the strands should still be visible.

Photo 5: Excess solder, poor wetting of
the wire, frosted surfaces, and blobs of
solder represent poorly soldered joints.
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the iron and hold everything perfectly
still. Any motion while the solder is
going from the liquid to the solid state
will cause a cold joint. After the joint
is cooled, the surface of the solder
should look like a mirror. A good
solder joint is an accomplishment.

A good way to begin might be to
deliberately make some bad soldering
joints. First, shake the two wires
while the solder is cooling. Notice the
undesirable frosted look. Now try
leaving the iron on the joint for more
than several seconds, and you will
notice that a scum forms. Try putting
too much solder on the joint, Often
when this blob cools, the frosted sur-
face will appear (photo 5). Try to find
the two oldest wires you can. Twist
them together and solder them. If
they are covered with an oxide layer,
the solder will not transfer from the
soldering iron tip to the wires.
Repeated heatings will probably
cause the solder to melt around the
joint., Notice how the solder does not
flow onto the wires, but sticks to
itself. The joint is now probably hot
enough to burn the flux.

Inevitably, one has to unsolder
some beautifully soldered joints. If
the joint is that of a straight wire
through a hole, a pull will often ac-
complish the task. (Be careful of the
flying molten solder.) Often, one
must remove the solder and then un-
wrap the wire. The best method uses
a fine mesh of properly fluxed copper
wire. (An example of this would be
Solder-Wick, made by Solder

Removal Co, 1077 E Edna Place,
Covina CA 91724. Their 40-4-5 is a
medium size, 40-6-2Y is for large
joints, and 40-2-5 is for very small
joints.) Push the mesh against the
joint with the soldering iron. The
solder will be wicked from the joint
into the mesh. Solder suckers are also
a popular way to remove solder. The
tool is cocked, placed on a heated
joint, and released. A plunger pulling
air through the nozzle of the sucker
gets most of the solder. This last sug-
gestion is the least expensive way.
Hold the circuit board and heat the
joint. Rap the edge of the board
smartly on the work bench. Solder
flies in every direction, but the joint is
clean.

Good soldering takes patience and
practice, Fortunately, if properly
done, the soldering joints are almost
never the culprits when a circuit does
not work. The following are some
suggestions that will make soldering
easier.

Tools

The soldering iron should be well
tinned (covered with solder), and
should quickly raise the joint to the
working temperature. | prefer a 30 or
40 W element for a pencil soldering
iron. Cleaning the tip with a wet
sponge before soldering will bring the
tip down to the correct temperature
range (about 700°F). This slightly
greater wattage will allow larger
pieces to be soldered. Better yet are
the temperature controlled pencil
soldering irons. Soldering guns are
too large and hot for all but the most
massive soldering joints. If you buy a
new soldering iron, wrap the tip with
solder before turning it on. This will
coat the tip with solder before it gets
hot enough to oxidize. Place the iron
in a protective cage towards the back
of your work bench so that it can not
burn anything. If the iron is not going
to be used for a while, unplug it.

It is very tempting to buy less ex-
pensive solder. Don't do it. Solder
costs very little compared to other
components. The best solder is Eutec-
tic, which is 63% tin and 37% lead.
This mixture passes directly from a
liquid to a solid stage without going
through a plastic region. As a result,
good soldering joints are easier to
make. Solder composition is gener-
ally given by two numbers, such as
40-60. The first number is the amount
of tin, the second is the amount of



lead. The above solder is less expen-
sive to make than Eutectic solder
because tin is the expensive element.
However, this solder has a plastic
region of about 180°F. The joint must
be held completely motionless while
the solder is cooling through this
plastic stage. Always use a rosin flux
when soldering. Never let your iron
touch acid flux. An 18 or 20 gauge
solder with a rosin core works nicely.

There are a number of other useful
tools. These include long nose pliers,
diagonal cutting pliers, wire strip-
pers, a slotted screwdriver, a dental
pick, and plastic electrical tape.

Assembly Before Soldering

A convenient substrate upon which
to build electronics is predrilled
epoxy board. The holes should be on
0.1 inch centers in a square grid for
digital work. Typical hole sizes are
0.042 or 0.062 inches. Vector-type
terminals (Vector Electronic Co Inc,
12460 Gladstone Ave, Sylmar CA
91342) can be pushed into the holes
and the discrete components soldered
to the terminals. The majority of
digital electronics come in the dual-
in-line packages. A convenient way
to mount dual-in-line packages is
with circuit-stick-type subelements
(Circuit-Stik Inc, 24015 Gardnier St,
POB 3396, Torrance CA 90510).
These are very thin sheets of glass
epoxy with preetched copper lands on
one side and glue on the other. The
holes on the subelements are aligned
with the holes on the predrilled circuit
board, and carefully pressed
together. The dual-in-line packages
and components can then be pushed
through from the other side of the
board, and soldered to the preetched
copper lands. One can then wire the
correct lands together. Because the
spacing between the pins of the dual-
in-line packages is only 0.1 inches,
hand soldering requires care. When
working with dual-in-line packages, I
prefer to solder sockets onto the
board, and plug the dual-in-line

packages into the sockets. This
method makes troubleshooting
easier.

It is important to be neat when
soldering. Try to lay the board out
logically. Do not crowd the com-
ponents together. If it is your own
design, you will probably want to
add something after the board is
made. Place all of the resistors the
same way so that their color codes

Explorer/85

Professional Computer

Starting at fust $129.95 for a Level *'A" operating system,
you can now build the exact computer you want, Explorer/85
can be your beginner's system, OEM controller, or IBM-
Sformatted 8" disk small business system...yet you're never
forced ro spend a penny for a component or feature you don't
want and you can expand in small, affordable steps!

Now, for just $129.95, you can own the first level of a fully
expandable computer with professional capabilities—a com-
puter which features the advanced Intel 8085 cpu, thereby
giving you immediate access to all software and development
tools that exist for both the 8085 and its 8080A predecessor
(they are 100% software compatible)—a computer which
features onboard S-100 bus expansion—plus instant conver-
sion to mass storage disk memory with either 5-1/4'" diskettes
or standard IBM-formatted 8" disks.

For just $129.95 (plus the cost of a power supply, keyboard/
terminal and RF modulator, if you don't have them already),,
Explorer/85 lets you begin computing on a significant level. . .
applying the principles discussed in leading computer maga-
zines. . .developing “‘state of the art”" computer solutions for
both the industrial and leisure environment.

Like all Netronics products, each level of Explorer/85 is
engineered to professional standards. Top quality components
are used throughout. You are insured, year after year, of
stable, reliable service.

And Netronics lets you build the system you want—with the
exact components you want. You're never forced to spend a
penny for an item you already have fi.e., a power supply, RF
modulator, kevboard, efc.) in order to get a new feature or
component you need,

No matter what your future computing plans may be, Level
A" is your starting point.

Level “A” Specifications

Explorer/85's Level ‘A" system features the advanced Intel
BOBS cpu, an 8355 ROM with 2k deluxe monitor/operating
system, and an 8155 ROM-I1/0—all on a single motherboard
with room for RAM/ROM/PROM/EPROM and S-100 ex-
pansion, plus generous protolyping space.

Level A" makes a perfect OEM controller for indsutrial
applications and is available in a special Hex Version which can
be programmed using the Netronics Hex Keypad/Display.)

PC Board: glass epoxy, plated through holes with solder
mask * 1/0: provisions for 25-pin (DB25) connector for
terminal serial 1/0, which can also support a paper tape reader
.. .provision for 24-pin DIP socket for hex keyboard/display
. ..cassette tape recorder input. . . casselte tape recorder output
. ..cassetle tape control output. . .speaker output. . . LED out-
put indicator on SOD (serial output) line. . . printer interface
(less drivers). . .total of four 8-bit plus one 6-bit 1/0 ports »
Crystal Frequency: 6.144 MHz » Control Switches: reset and
user (RST 7.5) interrupt. . . additional provisions for RST 5.5,
6.5 and TRAP interrupts onboard * Counter/ Timer: program-
mable, 14-bit binary * System RAM: 256 bytes located at F808,
ideal for smaller systems and for use as an isolated stack area in
expanded systems. . . RAM expandable to 64k via 8-100 bus or
4K on motherboard.

Monitor ROM (ASCI1 Keyboard Yersion): 2k bytes of
deluxe system monitor ROM located at FOO leaving 0008 free
for user RAM/ROM. Features include tape load with labeling
(so that Explorer/85 can locate your specific program auto-
matically). . .tape dump with labeling...examine/change
contents of memory . . .insert data (such as from a paper tape
reader). . .warm start (a feature which is especially helpful in
debugging routines as it allows you to save the contents of the
registers which might otherwise be lost along with the rest of
your program when a bug causes it to self-destruct. The warm
start feature helps you pinpoint the exact line in your program
that contains an error)...examine and change all
registers. . . single step with register display at each break point,
a debugging/training featurs ..go to execution address...
move blocks of memory from one location to another. . fill
blocks of memory with a constant., . . display blocks of memory
.. .automatic baud rate selection. . . variable display line length
control (1-255 characters/line). . .channelized 1/0 monitor
routine with B-bit parallel output for high speed printer. ..

FENetronics RAD Lid, DOPLBY.0 oo

333 Litchfield Road, New Milford, CT 06676

serial console in and console out channel so that monitor can
communicate with 170 ports,

Moniter ROM (Hex Version): Tape load with labeling. ..
tape dump with labeling. . .examine/change contents of mem-
ory...insert data...warm siari...examine and change all
registers. . _single step with register display at each break point
.. .80 Lo exccution address,

Level “B" Specifications

Level"B" provides the S-100 signals plus buffers/drivers to
support up to six S-100 bus boards and includes: address
decoding for ont 1 4k RAM i lectable in 4k
blocks. . .address decoding for onboard 8k EPROM expansion
selectable in 8k blocks. . .address and data bus drivers for
onboard expansion. . . wait state (jumper selectable),
to allow the use of slower memories. . .two separate 5 volt
regulators to insure maximum stability and a noise free bus,
Level “C" Specifications

Level **C'" expands Explorer's motherboard with a card cage,
allowing you to plug up to six S-100 cards directly into the
motherboard. Both cage and cards are neatly contained inside
Explorer's deluxe steel cabinet. Level “C'" includes a sheet
metal superstructure, a S-card gold plated S-100 extension PC
board which plugs into the motherboard, 12 card guides, and
all brackets and hard needed for complete assembly. Just
add required number of S-100 ¢ or

In addition to six S-100 cards, Level **C"* will also support
an optional test socket that allows you to perform tests and
maintenance on both sides of any individual 5-100 card, under
actual operating conditions. (You won't need Level *C"" unless
you are planning to use 3 or more S-100 cards with your
Explorer/85.) L

Level “D" Specifications

Level D" provides 4k or RAM, power supply regulation,
filtering decoupling components and sockeis to expand your
Explorer/85 memory to 4k (plus the original 256 bytes located
in the 8155A).

The 2114 static RAM is organized as 1024 words by 4-bits
using N-channel Silicon-Gate MOS technology and can be
located anywhere from 8000 to EFFF in 4K blocks.

Level “E” Specifications

Level “E adds sockets for 3k of EPROM to use the popular
Intel 2716 or the TI 2516. It includes all sockets, power supply
regulator, heat sink, filtering and decoupling components.
Sockets may also be used for soon to be available RAM IC’s
(allowing for up to 12k of onboard RAM).

Order A Coordinated

Explorer/85 Applications Pak!

Experimenter’s Pak (SAVE 512.50)—Buy Level "'A" and Hex
Keypad/Display for $199.90 and get FREE Intel BO85 user's
manual plus FREE postage & handling!

Student Pak (SAVE $24.45)—Buy Level “'A.'" ASCII Key-
board/Computer Terminal, and Power Su{:ply for $319.85 and
gel FREE RF Modulator plus FREE Intel 8085 user's manual
plus FREE postage & handling!

Engineering Pak (SAVE $41.00)—Buy Levels “A" “B"
“C," “D,” and **E'* with Power Supply, ASCll Keyboard/
Computer Terminal, and six S-100 Bus Connectors for §514.75
and get 10 FREE computer rrade cassette tapes plus FREE
8085 user's manual plus FREE postage & handling!

Business Pak (SAVE $89.95)—Buy Explorer/85 Levels A"
“B," and **C" (with cabinet), Power Supply, ASCII Key-
board/Computer Terminal (with cabinet), 16k RAM, 12"
Video Monitor, North Star 5-1/4"" Disk Drive (includes North
Star BASIC) with power supply and cabinet, all for just
$1599.40 and get 10 FREE 5-1/4"" minidiskettes (349.95 value)
plus FREE 8085 user's manual plus FREE postage & handling!

Continental U.S.A. Credit Card Buyers Outside Connecticut

CALL TOLL FREE 800-243-7428

To Order From Connecticut Or For Technical
Assistance, Elc. Call (203) 354-9375

plug it in and you're up and running!),

Please send the items checked below—
O Explorer/85 Level “*A" Kit (ASCII
Version), $129.95 plus $3 p&h.

O Explorer/85 Level “A™ Kit (Hex
Version), $129.95 plus $3 p&h.

[J 8k Microsoft BASIC on cassetie
tape, $64.95 postpaid.

] 8k Microsoft BASIC in ROM Kit
(requires Levels *'B," "'D,"" and “'E""),
$99.95 plus 32 p&h.

O] Level “B" (S-100) Kit, $49.95 plus
$2 p&h.

[0 Level **C"* (S-100 6-card expander)
Kit, $39.95 plus 32 p&h.

O Level ‘D™ (4k RAM) Kil, $69.95
plus $2 p&h.

O Level “E" (EPROM/ROM) Kit,
$5.95 plus 50¢ p&h.

[0 Deluxe Steel Cabinet for Explorer/
85, $49.95 plus 33 p&h.

O ASCIl Keyboard/Computer Ter-
minal Kit (features a full 128 character
sel, upper & lower case, full cursor con-
trol, 75 ohm video output convertible
to baudot output, seleciable baud rate,
RS232-C or 20 ma. 1/0, 32 or 64 char-
acter by 16 line formats, and can be
used with either a CRT monitorora TV
set. (if you have an RF modulator),
$149.95 plus $2.50 p&h.

S N S S T S R S S e s e mm [ Send Me Information -J

Circle 280 on inquiry card.

O Deluxe Steel Cabinet for ASCII
Keyboard/Terminal, $19.95 plus $2.50
pdeh.

O Power Supply Kit (+ 8V @ 5 amps)
in deluxe steel cabinet, $§39.95 plus $2
pé&h

00 Gold Plated S-100 Bus Connectors,
$4.85 each, postpaid.

[ RF Modulator Kit (allows you to
use your TV set as a monitor), $8.95
postpaid,

[0 16k RAM Kit (S-100 Board expands
to 64k), $199.95 plus 32 p&h.

£ 32k RAM Kit, $329.95 plus $2 p&h.
[0 48K RAM Kit, $459.95 plus $2 p&h.
O 64k RAM Kit, 5589.95 plus 52 p&h.
[0 16k RAM Expansion Kit (to expand
any of the above up to 64k), $139.95
plus 32 p&h cach.

[ Intel 8085 cpu User's Manual, $7.50
postpaid.

[0 Special Computer Grade Cassette
Tapes, $1.90 each or 3 for $5, postpaid.
O 12" Video Monitor (10 MHz band-
width), $139.95 plus 85 péh.

[0 North Star Double Density Floppy
Disk System (One Drive) for Explorer/
85 (includes 3 drive 5-100 controller,
DOS, and extended BASIC with per-

sonalized disk operating sysrcm—jusll

$699.95 plus 85 p&h.

O Power Supply for North Star Disk
Drive, $39.95 plus 52 p&h,

[0 Deluxe Case for North Star Disk
Drive, $39.95 plus $2 p&h.

[0 Experimenter's Pak (see abcuc}.l
$199.90 postpaid.

[0 Student Pak (see above), SJW.SSI
postpaid.

[0 Engineering Pak (see abovc}‘l
§514.75 postpaid.

[0 Business Pak (see above), SISWAI]'
postpaid.

Total Enclosed $ I
(Conn. res. add sales tax) By—

[ Personal Check [ M.O./Cashier's

Check O Visa [ Master Charstl
(Bank # _ _ __ )

Acct. ¥ l

Signature Exp. Date ___

Print

Name

Address

City

State Zip, I
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Circle 141 on inquiry card.

16K Static RAM
Boards for the
SS-50 Bus N

* Gold bus connectors

* 4 separate 4K Blocks
¢ |ndividual Addressing,
Write Protect, and Enable/
Disable for each block

529813

Memories. ..

As above with
Sockets and
Software
control
features.

$368'¢

All GIMIX memory boards are assembled,
Burnt-In for 2 weeks, and tested at 2 MHz.
Add $32.00 for 250 ns parts

8K PROM BOARD $98.34
2708s $7.90 each

SS 50 BUS 80 x 24
VIDEO BOARD

With hardware scrolling, x-y addressable cursor and
multiple character generators. It includes a TMS 2716
EPROM that contains a full 128 upper and lower case
ASCII character set with true descenders; plus a sockel
for another TMS 2716 for an optional 128 character set;
plus 2K of RAM flor user-defined programmable
character sets. This gives the user the ability to create
his own heiroglyphics, alphabet, graphic elements, etc.,
and store them on PROM, disk, or tape.

The user can choose and intermix 384 different
characters from any or all of the character generators
and display up to 256 at one time, normally or inversely,
and at full or half intensity, at any location on the
screen. Contiguous 8x10 character cells permit solid
lines and connecting patterns with user definable
graphic elements.

It is addressable to any 2K boundary. GHOSTable ad-
messinq allows multiple boards at the same address,
making it ideal for multi-user applications. The available
software includes a GMXBUG video based 3K ROM
monitor, stand alone driver routines, and a program to
create user defined characters.

DELUXE VERSION $458.76
Other Video Boards from $198.71

16K SYSTEMS $1294.29

Includes: Mainframe cabinet, mother
board, power supply, fan, CPU, 16K static
RAM, and choice of 1/0 card.

Other packages available.

Add $10. handling charge on orders under $200.

GIMIEX

1337 WEST 37th PLACE

CHICAGO, ILLINOIS 60609

(312) 927-5510 » TWX 910-221-4055

The Company that delivers.
Quality Electronic products since 1975.
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AWG Diameter (mm) Ohms per 1000m Current Capacity (Amperes)
10 2.6 33 26
12 2.0 52 16
14 1.6 8.3 10
16 1.3 13 6
18 1.0 21 4
20 0.81 33 2.5
22 0.64 53 1.6
24 0.51 84 1.0
26 0.40 135 0.6
28 0.32 214 0.4
30 0.25 3 0.2

Table 1: Approximate values for various American Wire Gauge (AWG) sizes of copper

wire.

can be read from the same side of the
board. Run the wires in an orderly
manner. | prefer to mount com-
ponents like resistors, transistors, etc,
slightly off the board. This improves
the heat transfer, and makes it easier
to slip in a probe for testing. Com-
ponents that weigh 0.5 ounces or
more should be mechanically
mounted to the board. A little epoxy
or silicon rubber works wonders for
mounting these components.

Properly stripping wire is a
dichotomy. First, the insulation
should be cut and removed. Second,
the wire should not be cut. (If strand-
ed wire is used, a nick will cause only
a few strands to break,) With prac-
tice, you can strip the insulation
without cutting the wire. Try cutting
slowly through a wire. Notice the dif-
ference in the feel between the insula-
tion and wire. Now cut off the wire
and start again with a clean end. Cut
down until the wire is felt, then relax
the stripper slightly. Now rotate the
wire 45° and again squeeze a bit. This
will cut the insulation all the way
around, not just where the stripper
teeth cut the deepest. Be sure to open
the stripper slightly and pull the in-
sulation off the wire. With practice,
you can learn not to nick the wire.
The secret is to stop cutting just
before the cutter reaches the wire. A
firm pull will usually break off the re-
maining insulation. If you still nick
the wire, take heart, you have much
company,

Table 1 gives the American Wire
Gauge (AWG) size, the approximate
diameter, ohms per 1000 meters, and
current carrying capability of copper

wire. Try to use a number of wires of
different colors and gauges. This not
only matches the current capability
with the load, but also makes it easier
to trace wires.

Finally, some words on safety: be
sure that you have a stand for your
iron; always wear shoes and safety
glasses; and try not to flick solder on
anything important. When cutting
wires, hold the cutter so that the
pieces fly away from you. To avoid
potentially lethal shocks, it is best to
have a rubber mat beneath your feet
and stool.

By following these rules and tech-
niques, almost anyone can learn to
solder well. m




POWER-ONE
D.C. POWER SUPPLIES

Now available for small systems applications

Power_-One, the leader in quality open-frame power supplies, now offers a complete line of single, dual,
and triple output models for small computer systems. Also available are special purpose models for
Floppy Disk and Microcomputer applications.

Below are just a few popular examples of the over 90 ‘‘off the shelf'’ models now available from stock.

5V @ 3A, w/OVP 5V @ 12A, w/OVP 5V @ 40A, w/OVP NE =
SINGLE OUTPUT & Phomy 1 g iy \W
LOGIC POWER SUPPLIES S e

* 56 ‘‘off the shelf”
models

= 2V to 250V, 0.1A to 40A
* + .05% regulation
* 115/230 VAC input

SK5-40/0VP

HB5-3/OVP HD5-12/0VP _sm_;'_cn'lngljmmglf S P
$24.95 single gty. $79.95 single qty. $250.00singleqty.
5V @ 0.7A, w/OVP 5V @ 1A, w/OVP 5V @25A,w/OVP
FLOPPY-DISK SERIES 12V @ 1.1A/1.7A PK@ —5V @ 0.5A, w/OVP .'—'53'@. o-.sg,--_wi;-apv,_,_.,. =i
« 8 ““off the shelf’’ 24V @ 1.5A/1.7A PK 24V @.-.SA-JS-,_flA PK FING
models e e € 0. 1 e 5,
* Powers most popular ¥
drives
» Single/dual drive y
applications CP340 CP205 (el e =
» 2-year warranty For one 5.25'" Media Drive For one 8.0'' Media Drive For two 8.0'" Media Drives
$44.95 single qty. $69.95 single gty. $91.95single qty. ;
12V/15V @ 0.25A ”E 5V @ 2A, w/OVP +12V @ 1.7A or
- B 1 .
DUAL OUTPUT MODELS ~SW| 9-1voosA - i

= 15 ‘“off the shelf’’

models |
« 5V to +24V, 0.25A i
to 6A f
* |.C. regulated i s
¢ Full rated to +50°C HAD12-.25/ HAD15-.25 HAA512 HBB15-1.5
$32.95single qty. $44.95single qty. $49.95 single gty.
5V @ 2A, w/OVP 5V @ 3A, w/OVP 5V @ 6A, w/OVP
LRSELEELSUTPUT + 9V 1o + 15V @ 0.4A +12V @ 1A or +12V @ 1.7A or
; =15V @ 0.8A +15V @ 1.5A
« 10 ‘‘off the shelf’’
models

« 5V plus = 9V to
+ 15V outputs

* Models from 16W to

150W
5 HTAA-16W HBAA-40W HCBB-75W
¢ Industry standard size | g49 95single qty. $69.95 single qty. $91.95 single qty.

NEW 79° CATALOG!
) Get Your FREE Copy Now!

Phone us direct or circle the reader service

/ R number below.
'.\ W“

we POWEr-one..

W D.C. POWER SUPPLIES

Power One Drive ® Camarillo, CA 93010 ¢ (805) 484-2806 » TWX 910-336-1297
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Software Software Software
with [ Manual with / Manual with [ Manual
Manual/ Alone Manual/ Alone Manual/ Alone
DIGITAL RESEARCH XITAN (software requires Z80** CPU) || Word-l\ga@taErgexn Editor — Ir: u%pe m?cll;a Ihas sugler-
CJ CP/M* Floppy Diskette Operating System — Z-TEL — Tex! ediing language. Expression evaluation 3n0 Teplacing, forward and backwards In ffe. in video
Packages supplied on diskette complete with 8080 as- iteration and conditional branching ability. Registers :

sembler, text editor, 8080 debugger and various utilities
plus full documentation. CP/M available configured for
most émpu'lar computer/disk systems including: North
Star Single, Double or Quad density, Altar 8" disks,
Helios 1l, Exid

Sorcerer, Vector MZ, PolyMorphic

available for text and commands. Macro command
strings can be saved on disk for re-use ...... $69/5$20
ASM Macro Assembler — Mnemonics per Intel with

Z-80 extensions. Macro capabilities with absolute Intel
hex or relocatable linkable outpul modules. New version

mode, provides full screen editor for users with serial
addressable-cursor terminal .............. $125/%25

SOFTWARE SYSTEMS
CBASIC-2 Disk Extended BASIC — Non-inleraclive

- BASIC with pseudo-code compiler and runtime interpre-
;ac%ﬁ l'-é?:“[l)is;uuosr :gaf. ;ﬁesr-scgﬁliﬁsrli;?zavaa?? 3 with added fealures ..........ccevenvrros $69/$20 ter. Support_g_ full file control, chaining, integer and ex-
able off the shell Y $145/$25 LINKER — Link-edits and loads ASM g‘é’;};'«fg tended precision variables, etc. ............. $90/$15

[0 MAC — 8080 Macro Assembler. Full Intel macro defini-
tions. Pseudo (Es include RPC, IRP, REPT, TITLE,
PAGE, and MACLIB. Z-80 library included. Produces
Intel absolute hex output plus symbols file for use by SID
(seabelow) ... .. $1 15

SID — 2080 symbolic debugger. Full trace, pass count
and break-point program testing system with back-trace
and histogram utilities. When used with MAC, provides
full symbolic display of memory labels and a%ualed
AR s P A e s e $85/§15

[0 TEX — Text formatter to create paginated, page-
numbered and justified copy from source lext files, di-
rectable todiskorprinter ...........co0uiaus $85/81

DESPOOL — Program to permit simultaneous printing
of data from disk while user executes another pro?ram
oy the CoNEO0IB v cov s rovsranvapsnmeysseas $50/$10
207 MierddokC
s Mw?f@ Lare- A/
el Uit
0{” sk

Z-BUG debugger — Trace, break-point tester, Supports
decimal, octal and hex modes. Disassembler to ASM
mnemonic set. Emulation technique permits full tracin
and break-point support through ROM ....... $89/$2

TOP Text Output Processor — Creates page-numbered,
justified documents from source text files ... $69/$20

A4 package includes Z-TEL, ASM, LINKER, Z-BUG,
ORI W R E L e o $299/540

EIDOS SYSTEMS

KISS — Keyed Index Sequential Search. Offers com-
plete Multi-Keyed Index Sequential and Direct Access file
management. Includes built-in utility functions for 16 or
32 bil arithmetic, stringfinteger conversion and string
compare, Delivered as a relocatable linkable module in
Microsofl format for use with FORTRAN-80 or COBOL-
Bl et e L R S $535/$23
KBASIC — Microsoft Disk Extended BASIC with all
KISS facilities, integrated by implementation of nine
additional commands in language. Package includes
KISS.REL as described above, and a sample mail list

O

/f /jdmﬁw o2

STRUCTURED SYSTEMS GROUP

General Ledger — Interactive and flexible system
providing proof and report outputs. Customization of COA
created interactively. Multiple branch accounting centers.
Extensive checking performed at data entry for proof,
COA correctness, etc. Journal entries may be batched
prior to posting. Closing procedure automatically backs
up input files. All reporls can be tailored as necessary.
Requires CBASIC ........c.cciieniareanssd $899/$25

Accounts Receivable — Open item system with
output for internal aged reports and customer-oriented
statement and billing purposes. On-Line Enquiry permits
information for Customer Service and Credil depart-
ments. Interface to General Ledger provided if both s;s-
tems used. Requires CBASIC .............5699/$25

Accounts Payable — Provides aged statements of

MICROSOFT PG o R B s e $995/845 accounts by vandor with check wriling for sglected in-

[0 Disk Extended BASIC — Version 5, ANSI compati- ple 4 voices. Can be used alone or with General Ledger and/or
bie with long variable names, WHILE/WEND, chaifing, ﬂl{ Y / weopo with NAD. Requires CBASIC .............. $699/525
variable length file records ................ $300/$25 ( : d ae ﬂdé / [0 NAD Name and Address selection system — interactive

— i i . v v mail list creation and maintenance program with outpul

Ll g&sg%iggggk EL?.f,p,st';?“ag...“dagi8".,’:{’5?'?;:[;"2,:3:. f 7 CCH,(//Z’ , as {ull reports wilh reference data or restricted informa-
tion. Produces standard Microsoft relocatable binary out- MICROPRO tion for mail labels. Transfer system for exiraclion and

put. Includes Macro-80. Also linkable to FORTRAN-80 or

COBOL-80 code modules ................ $350/$25

[0 FORTRAN-80 — ANSI '66 (except for COMPLEX)
plus many extensions. Includes relocatable object com-
ﬂier. linking loader, library with manager. Also includes

Super-Sort | — Sort, msrgba, axtract ulility as absolute
execulable program or linkable module in Microsoft for-
mat. Sorts fixed or variable records with data in binary,
BCD, Packed Decimal, EBCDIC, ASCII, floaling, fixed
point, exponential, field justified, etc. etc. Even variable

transfer of selected records to create new files. Requires
CEABIES, i e e M e n B D AT

QSORT — Fast sort/merge program for files with fixed
record length, variable field length information. Up to five
ascending or descending keys. Full back-up of input files

IACRO-80 (see below) ..............vu.s $400/$25 number of fields per record! ........0.0.... $225/$25 created, 5/$20
[0 COBOL-80 — ANS| '74 Relocatable object output. Super-Sort Il — Above available as absolute oroaram
Format same as FORTRAN-80 and MACRO.80 Rl e e R R A $175/$25 g@#%lél'rs-mﬂllﬂ SOFTWARE
modules. Complete ISAM, interactive ACCEPT/DIS- Super-Sort Il — As Il without SELECT/EXCLUDE
PLAY; COPY, EXTEND: .. .veoumanos ruie st S625/§25 1 o St renen e e $125/25 L1 PAYROLL SYSTEM — Maintains employee master

[J MACRO-80 — 8080/280 Macro Assembler. Intel and
Zilog mnemonics supported. Relocatable linkable output.
Loader, Libral} Manager and Cross Reference List
utilities include $149/$15

Word-Star — Menu driven visual word processing sys-
tem for use with standard terminals. Text formatting per-
formed on screen. Facilities for text paginate, page

file. Computes payroll withholding for FICA, Federal and
State taxes. Prints payroll register, checks, quarterly re-
ports and W-2 forms, Can generate ad hoc reports and
employee form letters with mail labels. Requires

) EDIT-B0. Vo o i s beis tesd i ; number, justify, center, underscore and PRINT. Edit CBASIC. Supplied in source code. ......... $590/$35

EDIT-80 — Very fast random access lext editor for text facilities include ?k:bal search and replace, read/write to [ APARTM MANAGEMENT :

with or without line numbers. Global and intra-line com- other texl files, block move, etc. Requires CRT terminal - ENT SYSTEM — Fi-
mands supported. File compare utility included $89/$15 with addressable cursor positioning ........$445/$25 nancial management sy for ps and

‘CP/M is a trade name of Digital Research
**Z80 is a trademark of Zilog, Inc.
“**“WHATSIT? i1s a trademark of Computer

Headware.

+CP/M for Heath, TRS-80 Model 1 and PolyMarphic 8813 are
modified and musl use especially compiled versions of system
and applicalions software.
t1PolyMorphic 8813 CP/M scheduled for Seplember 15 release.

deposils of apartment projects. Captures data on vacan-
cies, revenues, etc. for annual trend analysis. Daily report
shows late rents, vacancy nolices, vacancies, income
lost through vacancies, etc. Requires CBASIC. Su&pliad
I soarce code: i i s e $590/$35

Software for most popular 8080/Z80 computer disk systems
including NORTH STAR, MICROPOLIS, iCOM, DYNABYTE DB8/2,
SD SYSTEMS, ALTAIR, EXIDY SORCERER, VECTOR MZ,

8"IBM, HEATH H17 & H89, HELIOS, IMSAI VDP42 & 44, REX,
POLYMORPHIC 8813 and OHIO SCIENTIFIC formats.

Shopping

EFFECTIVE JULY 15
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Software
with [ Manual
Manual/ Alone

INVENTORY SYSTEM — Captures stock levels,
cosls, sources, sales, ages, turnover, markup, efc.
Transaction information may be entered for reporting b

salesman, type of sale, date of sale, etc. Reports avail-
able both for accounting and decision making. Requires
CBASIC. Supplied in source code. ......... $590/$35.

CASH REGISTER — Maintains files on daily sales.
Files data by sales person and item. Tracks sales, over-
rings, refunds, payouts and total net deposits. Requires
CBASIC. Supplied in sourcecode ......... $590/$35

MICRO FOCUS

CIS COBOL — Version 3 is ANSI 74 subset with ex-
tensions which offer powerful interactive screen format-
ting and built in cursor control. Version 4 additionally of-
fers full level 1 ANSI for Nucleus, Table Handling, Se-
quential Relative and Indexed 1/O, Inter-Program Com-
munication and Library

.............................. Version 3, $650/$50

.............................. Version 4, $850/$50

FORMS — Interactive utility to create CIS COBOL
source code to perform CRT screen handling in applica-

tion programs. Supports full prompt text, protected fields
and inpul validation against data type and range
apeated] S s L T $150/$15
When purchased with CIS COBOL ......... $125/815
OTHER

tiny C — Int interpretive sy lor leachin?
structured programming techniques. Manual includes full
Bolirce ligtings. .7 < s R $75/$40

C Compiler — Supports most major features of lan-
uage, including Structures, Arrays, Pointers, recursive
unclion evaluation, linkable with library to 8080 binary
output. Lacks data initialization, long & float type and sta-
tic & register class specifiers. Documentation includes
"C" Programming Language book by Ka:mghan &
e L e Py T e L b $110/815

ALGOL 60 Compiler — Poweriul block-structured
language faalurin\? economical run time dynamic alloca-

tion of memory. Veny €0 (24K total RAM) syst

Lifeboat Associates
2248 Broadway, N.Y., N.Y. 10024

(212) 580-0082 Telex: 668-585

Software

Price

O manual alone

1 manual alone

O manual alone

Exp. Date

[ Check [ U.RPS.COD [J Visa [J Master Charge

Shipping

$1.00 for C.O.D.

Total

Account #

Signature

My computer canfiguration (specifying disk system):

Name

implementing almost all. B0 report features plus
many powerlul extertsions including string handling direct
disk address I/O elc. Requires Z80 CPU . ...$199/$20

ZB0 Development Package — Consists of: (1) disk
file line editor, with global inter and intra-line facilities; (2)
ZB0 relocating assembler, Zilog/Mostek mnemonics,
conditional assembly and cross relerence table
capabilities; (3) linking loader producing absolute Intel
DX SKAE: «civsirariiinsrmnsisiyvasiaen $95/$20
280 Debugdger — Trace, break and examine registers
with standard Zilog/Masiek mnemonic disassembly dis-
gla 5. Facilities similar to DDT. $35 when ordered with

Bg DevelopmentPackage ................ $50/$10
DISTEL — Disk based disassembler lo Intel B0BO or
TDL/Xitan Z80 source code, listing and cross reference
files. Intel or TDU/Xitan pseudo ops optional. Runs on

BOE0. S e T b s R S e e e S $65/$10
DISILOG - A DISINTEL to Zilog/Mostek mnemaonic
files. Runs on Z80 only .......coviieiannes $65/$10

TEXTWRITER Il — Text formatter to justify and pagi-
nate letters and other documents. Special features in-
clude insertion of text during execution from other disk
files or console, permitting recipe documents to be
created from linked Iragments on other files. Ideal for
contracts, manuals, etc. Also creates form letters in con-
junction with a mail listfile. ................0 $75/810

TEXTWRITER Il —Allthe features of TW Il plus gen-
eration of table of eontents, sorted index and handling of
footnotes. TW 1l users may upgrade for $60. $125/$10

WHATSIT?*™ — Interactive data-base system using
associative tags to retrieve information by subject. Hash-
ing and random access used for fast response. Requires
BHASIC & s T e A e $125/$25

XYBASIC Interactive Process Control BASIC — Full
disk BASIC features plus unique commands to handie
bytes, rotate and shilt, and to test and set bits. Available
in Integer, Extended and ROMat e versions.

Integer Disk or Integer ROMable ........ $295/$25
Extended Disk or Extended AOMable ......$395/$25

List No.

"MThe Software Sup

Orders must specily
disk systems and
formats: e.g. North
Star single or double
density, IBM single or
20/256, Altair, Helios
Il, Micropolis Mad | or
Il. 5%" soft sector
Micro ICOM/SD
ystems Dynabyte), etc.

Add $1/item shipping
($2 min.). Add $1
additional for UPS
C.0.D.

Manual cost
applicable against
price of subsequent
software purchase.

The sale of each
propriety software

Address (No PO. Box) package conveys a
license for use on ane
system only.

| City State Zip
Software
with / Manual
Manual/ Alone

] SMAL/B0 Structured Macro Assembled Language —
Package of powerful general purpose text macro proc-
essor and SMAL structured Ianguan compiler. SMAL is
an assembler language with IF-THEN-ELSE, LOOP-
REPEAT-WHILE, DO-END, BEGIN-END constructs

......................................... $75/815

[0 selector Il — Data Base Processor to create and main-
tain single Key dala bases. Prints formatted, sorted re-
ports with numerical summarigs. Available for Microsoft
and CBASIC (state which). Supplied in source code
................................. coaas . 5195/$20

O Selector Il — Multi (i.e., up to 24) Key version of Selec-
tor Il. Comes with applications programs including Sales
Activity, Inventory, Payables, Recelvables, Check Regis-
ter, Expenses. Appointments, and Client/Patient. Re-
quires CBASIC.Supplied in source code . .. .$295/$20
Enhanced version for CBASIC-2 ........... $345/$20

[0 cPM/374X Utility Package — Has full range of
functions to create or re-name an |1BM 3741 volume, dis-

lay directory information and edil the data set contents.
ovides full file transfer facilities between 3741 volume

data sets and CP/Mfiles .................. $195/810

O Flippy Disk Kit— Templale and instructions to modify
single sided 5% " diskettes for use of second side in sin-
gled sided drives . .........iviiiuneiaisvained $12.50

[ BASIC Comparison — A comprehensive features
and performance analysis of five 8080 disk BASIC lan-
uages — CBASIC, BASIC-E, XYBASIC, Microsoft Disk
gxtended BASIC, and Xitan's Disk BASIC. [temizes re-
sults of 21 different benchmark tests for speed and accu-
racy and lists instructions and features of each BASIC
.......................... (send 20¢ S.A.S.E.) FREE

Lifeboat Associates

2248 Broadway

New York, N.Y. 10024

k of Lifeboat Associates

ket is a
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Washington DC
Computer Club

The Washington Amateur
Computer Society (WACS)
is an organization dedicated
to personal computing.
They are organized to pro-
vide a forum for the com-
puter hobbyist and student
of computing science. The
Society meets on the last
Friday of each month in the
st floor lecture hall in
Keane Hall on the campus
of the Catholic University of
America. The meetings start
at 7:30 PM

JWAC, the club’s news-
letter, is published for Socie-
ty members and exchange
with other hobby organi-
zations. The newsletter is
primarily an electronics
journal. Annual dues have
been set at $3.50 per year to

cover the cost of 1st class
postage for the journal and
to defray the expenses of
exchanging correspondence
with other personal com-
puting organizations. Non-
members may subscribe to
the journal at the rate of $5
per year. WACS is inter-
ested in exchanging news-
letters with other organiza-
tions to further the inter-
change of hobbyist infor-
mation. Contact Washington
Amateur Computer Society,
c/o 4201 Massachusetts
Ave, #168, Washington DC
20016.

Cromemco User
Systems and
Software Pool

Cromemco User, Systems
and Software Pool is an

HARD DISC
FOR S$100 MICROS

The XCOMP DCF-10 Disc Controller pro-
vides the OEM with a high performance,
low.cost interface for fixed and removable
(2315 or 5440) cartridge disc drives. The
DCF-10 is currently supported by two
operating systems. For information or
manuals, contact XCOMP.

XCOVIP

INCORPORATED

9915-A Businesspark Ave., San Diego, CA 92131 e (714) 271-8730
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independent group for users
of Cromemco computers.
Board owners are also
welcome. The purpose of
CUssP is the exchange
among users of Cromemco
hardware and software of
operating notes, bugs and
their fixes, evaluation of
hardware and software, user
written software, and other
announcements relating to
Cromemco and associated
products.

The 1st volume of 3
newsletters included articles
on changes in 16 K byte
BASIC, CDOS 1/0 (input/-
output) drivers, disk sectors
and clusters, hardware
modifications, etc. This
volume is available for $10
in the US, Canada, and
Mexico; and $12 in US
funds for airmail delivery
outside these regions.
Membership with the 2nd
volume is the same price as
the 1st. There is also a
special rate of 3 volumes (9
issues) for $25 in the US,
Canada, and Mexico and
$30 elsewhere.

Contact Cromemco User,
Systems and Software Pool,
POB 784, Palo Alto CA
94302.

Computer Graphics
Letter Published
by Harvard

Readers of the new Har-
vard Newsletter on Com-
puter Graphics will be able
to keep abreast of computer
graphics in all its myriad
ramifications. The newsletter
monitors important commer-
cial, technological, and pro-
duct developments, as well
as market, application, and
learning opportunities.
Among the regular depart-
ments are News and Trends,
Products, Markets, Applica-
tions, R and D, Conferences
and Seminars, Companies,
Business and Financial, and
State-of-the-Art Technology.
The newsletter will be

Clubs snd Newsletiees

published twice a month.

The content will encom-
pass management and statis-
tical graphics, computer
graphic-aided design,
engineering and manufac-
turing, image processing,
and automated cartography,
plus other related areas.
Trends in these areas,
whether applied to big or
small computers, stand-
alone terminals, timesharing
networks, users, vendors,
will be followed. Readers
will also learn where to ob-
tain further information on
the material covered.

The subscription fee for 1
year is $125; a 9-issue trial
subscription is available for
$45. Airmail outside of
North America is $19.50 for
1 year or $9.75 for the trial.
Contact William Nisen, Har-
vard University, Laboratory
for Computer Graphics, 520
Gund Hall, Cambridge MA
02138.

Akron Ohio
Digital Group

The Akron Digital Group
meets on the 4th Wednesday
of each month at 7 PM at
the Kenmore Public Library,
2200 14th St SW, Akron
OH. The club programs are
aimed toward the small
systems hobbyist with tips
on programming and hard-
ware application. Micro-
processor classes are
planned for the fall. Contact
Lou Laurich, Akron Digital
Group, 107 7th St NW,
Barberton OH 44203,

TRS-80 Publication

Insiders: The TRS-80
Hardware Journal with
Machine Software is a
publication for any TRS-80
owner or user interested in
more than BASIC. Both
beginners and experts will
find articles on machine



language programming,
hardware modifications, and
other computer languages.
Published since June of
1978, articles have described
the differences in Level II
read-only memories, how to
get sound effects and music
without a hardware
modification, new languages
for the TRS-80, and many
other subjects. Regular
features include a column
which reviews various
printers, the Disc File which
covers the latest in DOS and
compatible drives, a Dear
Aunt TRiSh question and
answer column, and learning
machine language with Level
II.

A new section of the jour-
nal will cover several of the
new languages for the
TRS-80. Future issues will
include regular features on
FORTRAN, FORTH, and
other languages. Also, there
will be regular articles on
CP/M, reviews of various
commercially available pro-
grams, and more on both
Level II and DOS.

Subscriptions are available
for 6 issues through Com-
puter Cablevision, 2617
42nd St NW, Suite 2N,
Washington DC 20007.

New PET Users Group
Forming in Washington
and Oregon

Individuals interested in
forming a PET Users Group
in the Oregon and
Washington area should
contact NW PET Users
Group, c/o John F Jones,
2134 NE 45th Ave, Portland
OR 97213.

COSMAC Users Group
Active Again

After several unavoidable
delays, the COSMAC Users
Group is back in full opera-
tion and The 1802
Peripheral newsletter is
being published on a mon-
thly basis. Information
about the group may be
obtained by writing to

Patrick Kelly, Director,
COSMAC Users Group,
POB 7162, Los Angeles CA
90022. Please include a
stamp with your inquiry.

New Speechlab Users
Group Formed

Heuristics Inc, manufac-
turer of Speechlab (a speech
recognition unit for the
Apple and all S-100 bus
computers), has announced
the formation of a users
group. The users group
requests that all interested
Speechlab users send their
unique uses of the hardware
or software to Tom Larson,
Director of Sales, Heuristics
Inc, 900 N San Antonio Rd,
Los Altos CA 94022. A
directory of users and appli-
cations will be published at
a later date.

Aim-65 Newsletter

The Target is a bi-
monthly newsletter for
owners or prospective
owners of Aim 65 systems.
The subscription rate is $5
for 1 year. Contact Custom-
Tronics, POB 4310, Flint MI
48504.

Solano TRS-80
Users Club

The Solano TRS-80 Users
Club is an informal group
that gets together to discuss
mutual problems and exper-
iences. Their meetings are
held every 3rd Thursday
starting July 5th at Owens-
Illinois, 2500 Huntington
Dr, Fairfield CA. Contact
Dave or Steve [rwin, 550
Marigold Dr, Fairfield CA
94533, or call (707)
422-3347.

The Tulsa
Computer Society

PM. The meeting place is
the Tulsa Vocational-
Technical School seminar
room at 3420 South
Memorial Dr (behind
Edison’s Department Store).
Membership in TCS is $6
annually and includes a 1
year subscription to the
club’s newsletter, The [/O
Port. Contact The Tulsa
Computer Society, POB
1133, Tulsa OK 74101.

Wichita Valley
TRS-80 Users Group
Sustains Computer
Loss in
Recent Tornado

In the recent tornado
which wreaked unholy
havoc on our city, many of
us in the Wichita Valley
TRS-80 Users Group lost
our computers, our tape and
disk library of software, and
our library of computer
books and periodicals. Even
our club’s library of soft-

ware and publications was
destroyed.

We all have plans to
replace our personal com-
puters and software, but at
this time [ am particularly
interested in trying to help
our club replace its loss.

Any club, publisher, soft-
ware producer, or individual
who wishes to do so, may
contribute noncash items,
such as software, back issues
of computer publications,
and books on computers.

Our address is the Wichita
Valley TRS-80 Users Group,
POB 4391, Wichita Falls
TX 76308.

Thank-you, our club will
be grateful.

] Wesley B Taylor
Club Secretary

Although this letter cer-
tainly speaks for itself, it is
our sincere hope that you or
your group will seriously
consider contributing non-
cash computer related items
to this needy organization.m

The Tulsa Computer
Society meets the last Tues-
day of every month at 7:30

Circle 66 on inquiry:-card.

computer mart of new jersey

computer mart of pennsylvania

Computer Mart of New Jerey

301 Route 27
Iselin, W} 08820
(201) 283-0600

the
microcomputer
people®

Computers don’t make a
computer store, PEOPLE do. Our
people have been involved with
microcomputers since day one.
We offer experience and
expertise unparalleled in the
microcomputer industry. Whether
you are in the market for a
complete system, peripherals,
custom software, service, or just
some friendly advice; there simply
is no other place to go.

Computer Moart of Pennsylvania

330 DeKalb Plke
King of Prusslo, PA 19406
{213) 263-2580
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=~ MINIMAX

“FULLY INTEGRATED COMPUTER SYSTEM”

THE MINIMAX SERIES WAS DESIGNED
TO OFFER THE MARKET MINICOMPUTER
CAPABILITIES AT MICROCOMPUTER PRICES.
COMPARE THE CAPABILITIES & PRICE!
MINIMAX SERIES COMPUTER CONTACT NEECO FOR FULL SPECS - FREE MINIMAX MANUAL.

MEET THE

THE MINIMAX SERIES COMPUTER WAS DESIGNED BY INDUSTRY PROFESSIONALS.
M’N’MAX COMPUTER COMPARE THE PRICE AND FEATURES TO ANY OTHER COMPUTER IN ITS CLASS!

® THE MINIMAX SERIES COMPUTER IS AN INTEGRATED, COMPACT UNIT CONTAINING THE CPU, DUAL DENSITY DISK STORAGE, 12
INCH CRT, AND FULL STYLE KEYBOARD, WITH SEPARATE NUMERIC ENTRY PAD. ALL KEYS (INCLUDING CURSOR) WITH FULL
REPEAT ® HYBRID 2 MEGAHERTZ 6502 CPU ® 108K SYSTEM RAM (48K USER) ® FASTEST FLOPPY DISK ACCESS (24K LOADS IN 4.2
SECONDS) ® 16K ROM CONTAINS COMPUTHINK BASIC (AN EXTENDED MICROSOFT BASIC) WITH EXTENDED PRECISION, DOS
INCLUDES COMPLETE FILE 1/0 WITH FULL RANDOM ACCESS, COMPLETE MONITOR WITH DEBUG & TRACE, AND TINY 6502
ASSEMBLER ® COMPLETE HIGH RESOLUTION GRAPHICS WITH INDIVIDUAL DOT (240x512) POINT SCREEN ADDRESSABILITY o
FULL SCREEN TEXT EDITING WITH OVERWRITE, INSERTION OR DELETION ® SPLIT SCREEN/WINDOW MODES ® INDIVIDUAL
FIELD EDITING WITH FIELD PROTECT AND AUTO SKIP TO NEXT FIELD @ DISK STORAGE SYSTEM TRANSFERS 6K PER SECOND
WITH AUTO VERIFY AND PARITY CHECK ® 12 INCH CRT-84 CHARACTERS BY 30 LINES. UP TO THREE PROGRAMMABLE
CHARACTER FONTS FOR LANGUAGES OR SPECIAL CHARACTERS ® ® ® SWITCHABLE 110 OR 220V OPERATION ® 8 8 & HYBRID
CPU IS MICROPROGRAMMABLE WITH 64 USER DEFINABLE OPCODES, CHOICE OF 800K OR 2.4 MEGABYTE DISK STORAGE  ® FULL
SERIAL AS-232C PORT WITH PROGRAMMABLE BAUD RATES AND MODEM CONTROL SIGNAL ® DEDICATED DISK PORT ®
PRINTER PORT SUPPORTS PARALLEL COMMERCIAL PRINTERS ® 24 PIN I/0 USER PORT ® PAGEMATE DATABASE
AVAILABLE ® PLM COMPILER AVAILABLE ® BUSINESS PACKAGES AVAILABLE ® COMPLETE DIAGNOSTICS & SCHEMATICS
MINIMAX | - .8 MEGABYTE INCLUDED ® COMPLETE USER MANUAL INCLUDED

ON LINE MINIFLOPPY STORAGE
MINIMAX Il - 2.4 MEGABYTE

ON LINE 8" FLOPPY STORAGE SPECIAL DEALER PRICING AVAILABLE ON DEMONSTRATION
MINIMAX AND SOFTWARE PACKAGES TO QUALIFIED
MINIMAX I - $4495 SELECTED DEALERS. CONTACT NEECO FOR INFO.

MINIMAX Il -  $5995
THE MINIMAX WAS DESIGNED AND IS MANUFACTURED BY COMPUTHINK
COMPUTER CORP. DISTRIBUTED IN EUROPE AND THE EASTERN U.S. BY NEECO.

FRINTERNOT
INCLUDED IN PRICE

IN ADDITION TO HARDWARE CAPABILITIES THAT AREUNMATCHED IN THE INDUSTRY, THE MINIMAX
COMPUTER SUPPORTS A COMPLETE DATA BASE SYSTEM (PAGEMATE), CONTAINING FULL
STATISTICAL, SORTING, AND EDIT FUNCTIONS. A PLM COMPILER IS AVAILABLE, FULL BUSINESS
SUPPORT SOFTWARE IS AVAILABLE AND MORE!—FULL DEALER SUPPORT IS AN IMPORTANT
PART OF OUR MARKETING. CONTACT NEECO FOR FURTHER INFORMATION.

THE MINIMAX IS NOW AVAILABLE FOR QUANTITY DELIVERY. DOMESTIC DEALERSHIPS AVAILABLE.
EUROPEAN DISTRIBUTORSHIPS/DEALERSHIPS AVAILABLE TO QUALIFYING COMPANIES WITH
SUPPORT CAPABILITIES. SOFTWARE HOUSES AND OEM INQUIRIES INVITED. CONTACT NEECO.

NEECO

NEW ENGLAND ELECTRONICS CO., INC

679 HIGHLAND AVE., NEEDHAM, MA !’)21 94- (61 7) 449-1 760

MON-FRI, 9:00-5:30, E.S.T.
TELEX 951021, ANSWERBACK “NEECO"
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PROUDLY ANNOUNCES THE NEWEST

NEECO PET MICROCOMPUTERS BY COMMODORE!

The PET™ is now a truly sophisticated
PET 2001 — 32K Business System with the

N‘ announcement of these Peripherals.

PRODUCT DESCRIPTION PRICE AVAILABILITY

PET 2001—4K 4K RAM $ 595 IMMEDIATE

PET 2001—8K 8K RAM $ 795 IMMEDIATE

PET 2001—16KN (Large Keys)16K RAM® $ 995 IMMEDIATE

c---mm- PE'I' ki) PET 2001—32KN (Large Keys) 32K RAM $1295  IMMEDIATE
PET 2023 PRINTER ROLL FEED $ 850 IMMEDIATE

PET 2022 PRINTER  TRACTOR/ROLL $ 995 IMMEDIATE

O '], PET 2040A SINGLE FLOPPY $ 895 JUNE/JULY
i ‘ [ PET 2040 DUAL FLOPPY* $1295 IMMEDIATE

L=
Iy l [ l ill | ) { PET C2N 2nd Cassette $ 100 IMMEDIATE

| “The 16K/32K (large keyboard) units do not include a cassette drive. Order C2N Cassette.
2040 Floppy Drive requires a 16K or 32K unit. 8K RAM Retrofit available July.

ALL UNITS ARE FULLY TESTED BY NEECO BEFORE SHIPMENT. ALL PET'S ARE

WARRANTEED (BY NEECO) FOR 1 FULL YEAR! NEECO IS A FULL CUSTOMER-

R T S SRR e b S e e ey ORIENTED BUSINESS. PLEASE CALL FOR ADDITIONAL INFORMATION. ALL
LARGE TYPEWRITER KEYBOARDS NOW AVAILABLE! BUNITS ARE IN STOCK & READY TO SHIP. FULL SOFTWARE AVAILABLE!

‘POMPUTHINK 4 & .8 MEGABYTE DISK
DRIVES FOR THE NEW 16/32K PETS!

DISK SYSTEMS INCLUDE DISKMON OPERATING
SYSTEM IN ROM AND INTERFACE TO 16/32 PETS!

Dual Minilloppy Dowves with 200K per diskette side (or lotal ADDK/BO0K on line

FOR 8K PETS !
(small keyboards) - Ty  0258), Relocat ".;'.;.:

fuct information and specifications—Usor manual 110

4 Megabytes of Disk . G 1 complete produ
Storage for 8K PETS! -
(Requires Expandamem) (PRODUCT AVAILABILITY IS AUG/SEPT—CALL FOR INFO)
400K-8S DISK SYSTEM INCLUDES RANDOM J ALL 16/32K MODELS INCLUDE AN 400K-16N
ACCESS IN DOS-LOADS 20K IN 4 SECONDS! [} INTERNAL PLUG-IN INTERFACE 400K-32N

24K Expandamem Memory '525 51 295 BOARD CONTAINING DOS, 8K OF B800K-16N
32K Expandamem Memory ‘615 RAM, AND CONTROLLER 800K-32N

CALL OR WRITE FOR A FREE COPY OF OUR NEW JULY CATALOG!

NEW CENTRONICS 730 PRINTER FOR PET!

e NEWEST TECHNOLOGY FROM CENTRONICS » 50 CPS * 80 CHARACTER LINE
¢ 10 CPl » 7x7 DOT MATRIX » HANDLES ROLL FEED, PIN FEED

PAPER » UPPER & LOWER CASE—*%1099 PRICE INCLUDES

INTERFACE TO IEEEPORT. AVAILABLE AUG/SEPT

TRS-80 USERS!-THE

MODEL 730 IS AVAILABLE FOR USE WITH

THE TRS-80. PRICE
INCLUDES CABLE 5995
only

WE CANNOTLISTALLOF OUR SOFTWARE AND HARDWARE PRODUCTS
CALLOR WRITE FOR OUR*FREE*SOFTWARE/HARDWARE DIRECTORY

ALL NEECO PETS CARRY A FULL ONE-YEAR NEECO WARRANTEE.

C NEW ENGLAND ELECTRONICS CO.,, INC. ( ) o
NEE O 679 HIGHLAND AVE., NEEDHAM, MASS. 02194 MA?I’!HZMH?E%HQ\HJA Z:?EQTED

MON. - FRI. 9:30 - 5:30, EST. TELEX NUMBER 951021, NEECO
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The Nature of Robots

Part 4: Looking for Controlled Variables

In this last part of my series of
articles, a simple experiment with a
human subject will be attempted; an
experiment that can be expanded
almost indefinitely. All of the prin-
ciples from the previous parts will be
used. Before the experiment starts,
note the following main points that
have been established:

@ The behavior of an organism is not
its output, but some consequence
of its motor outputs acting
together with unpredictable forces
or other disturbances.

® For a more or less remote conse-
quence of motor outputs to be
repeatable in a disturbance-prone
world, the behaving system must
sense the consequence, and act to
keep it matching some static or
dynamic reference condition. By

definition, that makes the
organism a control system,
® Organisms acting as control

systems control what they sense,
not what they do.

® What is controlled is what is
sensed, even when the sensing in-
volves one or more stages of real-
time computations based on
primitive sensory signals.

® In a multiple-level control system,
the higher levels act by varying the
reference signals for lower-level
systems. They control perceptions
computed from many lower-level
perceptions, some or all of which
are controlled by the same lower-
level systems.

® [f there are n degrees of freedom at
one level of control, in principle n
higher-level systems could act in-
dependently and simultaneously
by sharing the use of the lower-
level systems. Any higher-level
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1138 Whitfield Rd
Northbrook IL 60062

system acts by sending amplified
copies of its error signal to many
lower-level systems, each with the
proper sign to achieve a negative
feedback effect. Any lower-level
system receives a reference signal
that is the net effect of super-
imposed higher-level output
signals. This worked for a 2-level
system with 3 control systems at
each level: there is no limit, in
principle, to the number of levels
or the number of systems at each
level. In practice, there is reason to
anticipate finding hundreds of
systems at a given level, but no
more than 10 or 12 distinct levels
in a human being. This will be
commented on later.

Abstract models and simulations
are fine for conveying general ideas.
However, if one does nothing but
make models and simulations, it is
easy to get involved in the math and
engineering, and forget the real thing
is there to be seen, Items described in
the first 3 articles in this series repre-
sent something real. Real organisms
work much the same way control
systems work. They do not work in
any of the other ways that have been
proposed over the centuries (as far as
their behavior is concerned). I am not
talking metaphorically. There are ex-
cellent reasons to think that when the
properties of organisms begin to be
investigated in terms of control
theory, hard data about the way we
are organized will start to accumulate
(up to a point, anyway).

The experiment to be described in
this article is so simple that it may
look elementary. Nevertheless, it is
the starting point for a new approach
to exploring the organization of

human beings. Most new ideas start
by looking like old ones, but with a
twist that leads in unexpected direc-
tions. If you are familiar with track-
ing experiments, do not be too quick
to decide what this is all about.

Equipment Required
The basic equipment needed to do
this experiment is:

® A joystick with 1 degree of
freedom (ie: a potentiometer with
a stick on the shaft will suffice).

® A reasonably fast analog-to-digital
(A/D) converter with 7-bit or
more accuracy. My system uses
the Cromemco D+ 7A, which has
7 analog channels in and 7 out, as
well as 1 input and 1 output 8-bit
port.

® A memory-mapped display, in
which points are plotted on a video
screen by depositing appropriate
codes in a reserved segment of
memory. This, or something
equivalent, is essential for creating
the moving objects that are involv-
ed in the experiment. I use the
Polymorphics VTI with the display
area in the 1 K bytes of memory
starting at hexadecimal location
D000. Out of deference to systems
that do not have the VTI's graphics
capability (however crude), | have
used 64 horizontal elements in the
alphabetic mode. Higher resolu-
tion would be much more desir-
able, but this much is enough to
show the principles well.

If no memory-mapped display is
available, but 2 digital-to-analog
(D/A) outputs and a triggered
oscilloscope are, the display that is
needed can be created. Use 1 D/A



“onComputlng

reallymakes —ap
personal 7 Al
computers

easy to
under-
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Wntten n non—techmcal 1a.nguage,
onComputing™ contains articles on the
capabilities of microcomputers, getting
started, latest reviews of personal com-
puters, where to purchase and how to use
your computer.

Anyone can learn the funda- Beneﬁt from the experience of computer' experts edit onCom-
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onComputing readers receive
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on how to get the most out of a
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onComputing, Inc.

70 MainSt., Peterborough, NH0O3458
Start your subscription today.

EVERY THREE MONTHS

the latest develop-

other computer enthusiasts.
Articles in onComputing are
written by well known authors
as well as competent amateurs.
They share their ideas on how to
use the computer as a tool for
business, education, home enter-
tainment, laboratory work and
other applications.

onComputing Subscription Dept. P.O. Box 307, Martinsville, NJ 08836
REGULAR subscription rate:
O U.8.1yr. (4issues) @ $8.60 [ Canada & Mexico, 1 yr. (4 issues) @ $10.00
FOREIGN (to expedite service, please remit in U.S. funds drawn on a U.S. bank.)
0 Burope (and all other countries, except above), 1 yr.@ $12.00—surface delivery.
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converter to deflect the trace in the Y
direction, and the other (or 1 bit of a
digital port) to trigger the sweep. By
starting the sweep and then out-
putting the 3 cursor values in se-
quence, a 3-segment trace can be
created, with the motion of the cur-
sors being up-and-down instead of
side-to-side, as in the following pro-
gram. Lay the oscilloscope on its side
if that deviation bothers you.

Systems with built-in graphics
under BASIC control, such as Apple,
PET, or TRS-80, will probably allow
the experiment to be done more
simply than how I did it in listing 5.
The basic requirement is to be able to
read a number from a stored table,
add the handle position to it, erase
the old cursor, and use the sum to
position the new cursor, doing this
for 3 cursors at least 4 times per se-
cond - the faster the better. (An exam-
ple of the simulation on the Apple II
is shown in listing 6.)

Experimental Design

Imagine a display with 3 cursors on
it, one above the other. Each cursor
can move left and right. The subject
looks at this display while holding a
control handle. The instructions for
the first experiment are very simple:
the subject is asked to select 1 of the
cursors, and hold it still, somewhere
near the center of the screen as ac-
curately as possible for the duration

North Star Strings

The North Star BASIC string expression
B%(1,]) corresponds to MID$% (B%,1.]) in other
versions of BASIC. BS$(I) corresponds to
RIGHT$(B$,1), and B$(1,1) corresponds to
LEFT$(B$,1,1).

of the run. Engineering psychologists
call this “compensatory tracking.”
They use it to investigate the limits of
speed and accuracy of control in the
presence of rapid disturbances of
various kinds.

If the handle is held centered, each
cursor will be seen to wander back
and forth in a pattern that is indepen-
dent of the other 2 cursors. In this ex-
periment, the disturbances causing
this wandering are made very slow
and smooth. With even a slight
amount of practice, every subject will
be able to maintain essentially perfect
control. Transfer functions will not
be measured, nor will the limits of
control be tested in the manner tradi-
tional in engineering psychology. A
subject acting well within the range of
normal operations under conditions
where the phenomena of control can
be clearly seen is desired. The subject
selects a visual variable (position of 1
of the cursors), selects a reference
level for that variable (a particular
position), and maintains the perceiv-
ed position at the reference position,
while disturbances act that tend to
move the cursor away from the
reference position,

Figure 17 shows the setup in
schematic form. The 3 disturbances
are labeled D1, D2, and D3. The 3
cursor positions are labeled C1, C2,
and C3. The position of the control
handle is H. The position of each cur-
sor is determined by the sum of H and
one of the Ds. For cursor 2 the effect
of the handle is reversed, so the 3
relationships are:

Cl=Dl1+H
C2=D2 —H
C3=D3 +:H

If the subject controls C3 in rela-
tion to a reference position of 0 (ie:
midscreen), and does so perfectly,
then 0 = D3+H, or H=—D3. The
handle position should be an accurate
mirror image of the magnitude of the
disturbance D3 at every moment, and
the cursor C3 does not move at all.
You will find that all subjects, after a
little practice, will closely approx-
imate these predictions.

This may seem elementary, ob-
vious, boring and hardly worth the
labor of getting the experiment up
and running. Do not be deceived; this
experiment appears to be simple
because it is fundamental. It is fun-
damental because it can prove that all
of the life sciences have been using the
wrong model. There are also several
extensions of the experiment that will
show how to get started mapping the
whole hierarchy of human control
systems. There is no theory and no
simulation that carries the impact of
seeing how a real living control
system works; especially when you
can understand every detail of what is
happening, either as subject or
observer. The 3 previous articles in
this series have been designed to give
the ability to grasp what is happening
here. This experiment is designed to
give the gut feeling of knowing.

Program Structure
The program in listing 5 is written
in North Star BASIC, Version 6,
Release 3. It contains a machine-
language subroutine for an 8080/Z80
Text continued on page 102

Figure, table, and listing numbering continued
from part 3.

Listing 5: North Star BASIC control-variable simulation. The necessary assembly language routines needed for execution are also

given.
10
20
30
40
50
60
70
80
90

DIM A$(2)

INPUT
REM
REM
REM
DEF FNB(AS)

H$="0123456789ABCDEF"

"SEED FOR RANDOM GENERATOR (1 -
3 e e ke e Kk ok ok ok ok e ok ok ok ok ek ok ok ok ke o

CONVERT 2 HEY DIGITS TO DPcCINAL
Kk kkhkhkkhkhkhkhkhkkhhhhkhkhkhkhhkkkkhkkkhkk

100)

DIM HS(16),D15(250) ,02$(250),p3$(250) ,H1$(250) ,R$(82),5% (82)

",A\ Z=RND(A/100)

U=ASC(A$(1,1))\IF U<58 THEN U=U=-48 ELSE U=U-55

100 V=ASC(A$(2,2))\IF V<58 THEN V=V-48 ELSE V=V=-55

110 RETURN 16*U+V
120 FNEND
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130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690

REM % 3 o e 3k k3 3k K e ok %k ok %k ok ok ok ok ok ok ok ok dkook ok ok ok ok ok
REM SET MACHINE-LANGUAGE PROGRAM ORIGIN
REM 3 ke ok e e ok e ok ok ok ok ok ke ke ok ke ok ok ek ok ok ke ok ke ke ok ok ke ok ko

INPUT "MOST SIG. BYTE, SUBROUTINE LOCATION: ",SS

GOSUB 1130

!"6 SEC TO LOAD SUBROUTINE"

M1=256*A0\ M2=M1+9

DATA '0200000000000000004BDB19071F1F473A080NFENDC21C00782F"
DATA "3C477881E63F4F2A00003A08003C3CFEO6DA2FOOAF"

DATA "320800856F5E23563EAN127BE6COB15F3EAA12722R73DB19EESD"
DATA "6F2600C9"

M=M1

READ B$\FOR J=1 TO LEN(B$)-1 STEP 2\ A=FNB(BS(J,J+1))

FILL M,A\ M=M+1T\NEXT J\ IF A<>201 THEN 250

REM e ok ke ok ke K ok ok ok ke ok ok ok o ok ok ok ok k Kk
REM INSERT RELOCATION BYTES
REM o ok e ke e ok ook ok ok ko ok ok o ok ke ok

FILL M1+1,A0\ FILL M1+FNB("12"),AQ

FILL M1+FNB("17"),A0\ FILL M1+FNB("23") A0
FILL M1+FNB("2D") ,AQ

FILL M1+FNB("26"),AO\ FILL M1+FNB("31") ,AD

REM sk ke e A K gk ok ok ok e gk ok ok o ok ok ok ok ok
REM SET LOCATIONS FOR DISPLAY
REM Fkkdkkkkdkokkkkkddkokkkokkokhokokok

INPUT "MOST SIG. BYTE, DISPLAY LOCATION: ",S3
Gosus 1130

FILL M1+2,FNBC("CO")\ FILL M1+3,A0\ FILL M1+5,A0+2
FILL M1+6 ,FNB(C"40")\ FILL M1+7,A0+3

REM J % Je e J de de 3k Je v J J % d d e d o Kk Kk ek K

REM LOAD DISTURBANCE TABLES

REM % ok dode ok K e ok e gk e ok ke ke ok ek ok
W=3%x3_1415927/250\R0=RNDC(0)\R1=32*R2=R1

EANINTATAIN CONE MINUTE TO LOAD DISTURBAMCE TABLES1"

INI"THE SCREEN WILL CLEAR AND THREE SCALES WILL APPEAR."
'N!'"THEN THREE CURSORS WILL APPEAR, ONE FOR EACH SCALE."
I\I\PICK ONE CURSOR AND TRY TO HOLD IT IN ONE POSITION"
!\'"FOR THE DURATION OF THE RUN, AS EXACTLY AS YOU CAN."
AV e CLSTAND BY FOR PROMPTI"

N1=32\ N2=31\ N3=25\ N4=64\ N5=10

FOR J=1 TO 250

D15(J,J)=CHR$(N1+N2*SIN(H*J))

D3% (J ,J)=CHRS (64=ARS (J=125)/2)

NEXT J

yw CLOADING RANDOM DISTURBANCE: STAND BYJ"

N32=25\FOR J=1 TO 250

IF J=-N3*INT(J/N3)=0 THEN RO=N&4xRND(0)

R1=R1+(R0O=R1)/N5\ R2=R2+(R1-R2)/N5\ D2%(J,J)=CHRS$(R2)
NEXT J

INPUT"READY TO GO: HIT RETURN TO PROCEED. " ,A%

FOR J=1 TO 16\!\NEXT

REM % % J ¥ % % K d ok ok ok ok okok ok ok
REM EXPERIMENTAL RUN
REM s de % ok Kk & ek ok ok ok k ok ok

I\NININGosuB 680N!'\!\!\!AGOSUE 680\!\!\!\!\GOSUP 680\!\!
GOTO 690

FOR I=1 TO B8\!"TTTTTTT+" ,\MEXT I\ RETURN

FILL M1+8,4\ REM SYNCH CURSOR COUMTER

Listing 5 continued on next page
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700 M1=8\N2=127\N3=128\ FOR J=1 TO 250

710 FOR L=1 TO 4

720 OoUT 25,N2\ oOUT 26,”3

730 H=CALL(M2,ASC(D1$(J,J)))

740 H=CALL(M2,ASC(D23%(J,J)))

750 H=CALL(M2,ASC(D3$(J,J)))

760 MEXT L

770 H1$(J,J)=CHRS (H)

780 NEXT J

790 REM 5 J % % % Kk ok ok Kk ok ok ok ok ok ok ok kk

800 REM DATA PLOTTING PROGRAM

810 REM hkhkkdhkhkhkhhkhkhhkhkhkhkhkhhkkkk

820 GOSUB 1050\ IF Y0<1 THEN 560

830 !"AFTER PLOT, HIT RETURN TO CONTINUE"

840 INPUT"WHICH CURSOR (1,2,3)? LIS |

850 IF I=0 THEN 560

860 FOR W=1 TO 250 STEP INT(250/(CY0+1))

870 H=(ASCC(H1$ (W, W))-128)*X0/128

880 OW I GOTO 890,900,910

890 V=ASC(D1$(W,W))=-32\ GOTO 920

900 V=ASC(D2%(W,W))=32\ H=-H\ GOTO 920

910 V=ASC(D3S (W, W))=32

920 V=VxX0/64+1

930 C=V+H+Z0\ IF C<1 THEN C=1\ IF C>X0 THEM c=X0
940 V=V+ZO\NIF V<1 THEN V=1\ IF V>X0 THEN Vv=X0
950 H=H+ZO\ IF H<1 THEN H=1\ IF H>X0 THEN H=XO
960 B$=5$\B$(20,2z0)="."

970 !#T0,\BS(V, V)="D"\ BS(H,H)="H"\ BS$(C,C)="C"
980 U=0\ IF V> THEN U=V\NIF H>U THEM U=H\IF C>U THEMN U=C
990 IF zZ0>U THEN U=Z0\B$=BS(1,U)\ !#T0,ES$,
1000 NEXT W

1010 INPUTI™" _,AS\ GOTO 820

1020 REM e % Je % % ok K K ek kg ok K ok ok ok g ok ok ok ok ok ok ok
1030 REM SET UP FOR PLOTTIMG (SUPROUTINE)
1040 REM e % % % e %k kK %k ek K e e K ok K ok ok ok ko ok ok ok kK

1050 !\INPUT "Y-DIMEHSION OF PLOT (0 = NEW RUN): ",YO\ Y0O=Y0D-2
1060 IF YO<1 THEN RETURN

1070 INPUT "X=-DIMENSION OF PLOT (1=-72): " X0

1080 IF X0>72 THEN 1070\ IF X0<1 THEN 1070\X0=X0-2

1090 INPUT "OUTPUT DEVICE (T OR S)" ,AS

1100 IF A$="T" THEN T0=2 ELSE T0=0

1110 S3=""\FOR I=1 TO XO\S$=S$+" "\ NEXT I

1120 ZO=INT(X0/2)\ RETURN

1130 REM % e de o Kk F ok F K ok Kk ok ok ke ke ok g ok e ok e ok ok ke ke ke ok
1140 REMN CONVERT HEX IN S$ TO DECIMAL IM AO
1150 REM s e Jc % Je % % K % Fe k% de K K v K ok ok ok e ook gk ok ok ok ok ok ok ke ok

1160 AO=0\K=1\FOR J=1 TO LEN(S$)=1\K=K*16\NEXT J\K=INT(K+.01)
1170 FOR I = 1 TO LEN(SS$)

1180 FOR J=1 TO 16

1190 IF S$(I,I)=H$(J,J) THEN EXIT 1220

1200 NEXT J

1210 !"NOT HEX NUMBER"\ EXIT 160

1220 A0 = A0 + K*(J=1)\ K=K/16

1230 NEXT I

1240 RETURN

1250 REM % % % J F ok g d e e ok ok ok ok ok e e de gk ok ok ke ke ke kok
1260 REM UTILITY, CONVERT HEX TO DECIMAL
1270 REM UP TO TEN HEXADECIIAL DIGITS
1280 REM Do "RUN 1300"
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1290 REM
1300 DIM HS3(16)\H$="0123456789ABCDEF"\!
1310 INPUT1"HEX= " ,SS\GOSUB 1160\!"

dhkdkhkkdkhkhkhkhdkhkdhhhkhkhhkhhkhhkhkhhkhhkhkixk

DECIMNAL= "_,A0\GOTO 1310

001
002
003
004
005
006
007
008
009
010
011
012
013
014
015
016
017
018
019
020
021
022
023
024
025
026
027
028
029
030
031
032
033
034
035
036
037
038
039
040
041
042
043
044
045
046
047
048
049
050
051
052
053

0000
0002
0004
0006
0008
0009
000A
nnoc
000F
0010
0013
0015
0018
0019
001A
001B
0o1c
001D
001E
0020
0021
0024
0027
0028
0029
0028
002E
002F
0032
0033
0034
0035
0036
0037
0039
003A
0038
003D
003E
003F
0041
0042
0043
0044
0045
0047
0049
004A
004cC

0200
0000
0000
0000
00

4B
DB19
071F1F
47
3A0800
FEQ2
c21c00
78

2F

3C

47

78

81
E63F
4F
2A0000
3A0800
3C

3cC
FEOG6
DA2FO0O0
AF
320800
85

6F

5E

23

56
3EAQ
12

7B
E6CO
B1

5F
3EAA
12

i2

2B

73
DB19
EE80
6F
2600
c9

ADRO
ADR1
ADR2
ADR3
COUNT
START

S1

s2

MACHINE LANGUAGE SUPPORT ROUTINES

ORG

DBL
DBL
DBL
DBL
DATA
MOV
IN
ARS
MoV
LDA
CPI
JNE
MOV
CMA
INR
MOV
MoV
ADD
ANI
MOV
LHLD
LDA
INR
INR
CPI
JLS
ZAR
STA
ADD
MOV
MoV
INX
MoV
MVI
STAX
MOV
ANI
ORA
MoV
MVI
STAX
MoV
DCX
MOV
IN
XRI
MoV
MVI
RET

COUNT

A
=>

w =
>
Qo

N N
om

N
0w >

I e VN=ETIT=2OoO>PPMoOo«*>2o0>»C0TmMmrr
" " COWUIN -
oX» O m <

>

>

GET HANDLE

DIVIDE BY TWO

SAVE IN B

CHECK FOR MIDDLE ONE

IF MIDDLE OME NEXT,
MAKE HAMDLE NEG.
(TWO'S COMPL.)

X=X+HANDLE
LIMIT: TO 63
SAVE X IN C
GET BASE ADDRESS
GET DISPLACEMENT

BUMP TWICE

CHECK MODULO 6

MAKE ADDRESS FOR
CURRENT CURSOR.

DE=0LD SCREEN ADR.
LOAD A SPACE
ERASE OLD CURSOR

ZERO DISPLACEMENT
NEW DISPLACEMENT
POINTER FIXED

LOAD ASTERISK CURSOR
PUT IT OM SCREEN
SAVE CURSOR

ADDRESS

GET HANDLE AGAIN
RANGE 0-255
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37
319

400
405
410
420
430
435
440
450
460
461
462
463
480
490
500
510
520
530
540
550
560
570

HIMEM: 8192
DIM D1%(250),D2% (250),D3 % (250),H1 % (250)
INPUT "*SEED (0-100); ";A
Z = RND (A / 100)
REM LOAD DISTURBANCE TABLES
W = 3 . 3.141592654 / 250
RO = RND (0}R1 = R2 = 140
PRINT : PRINT : PRINT : PRINT : PRINT : PRINT : PRINT : PRINT
PRINT : PRINT : PRINT "LOADING DISTURBANCE TABLES"
PRINT
PRINT “WHEN SCREEN CLEARS, BACKROUND WILL"
PRINT
PRINT “APPEAR — THEN THREE CURSORS."
PRINT
Pmm “PICK ONE CURSOR AND HOLD IT IN"
PRI
PRINT “ONE POSITION FOR THE DURATION OF"

PRINT
PRINT “RUN, AS ACCURATELY AS YOU CAN"
PRINT
PRINT “STAND BY FOR PROMPT MESSAGE"
FORJ = 1 TO 250
D1%(J) = 140 + 130 + SIN (W 4 J)
D3%(J) = (125 - ABS (J - 125)) « 270/ 125
NEXT J
PRINT
PRINT "RANDOM DISTURBANCE LOADING: STAND BYE."
N3 = 25:R1 = 140:R2 = 140

FORJ = 1 TO 250
N3 = N3-1:IF N3 > 0 THEN 210
N3 = 25:R0 = 280 « RND (5)
R1 = R1 + (RO-R1)/05:R2 = R2 + (R1-R2)/5

D2%(J) = R2
EXT J

N

PRINT : INPUT "HIT RETURN FOR RUN'";A$
HGR

HCOLOR= 3

POKE 49234, 0

FOR X = 1 TO 280 STEP 10

FORY = 43 to 143 STEP 50

HPLOT X,Y: HPLOT XY + 14

NEXT Y: NEXT X

FORJ = 1 TO 250

FORK = 1TO 4
H = PDL (0) - 128

HCOLOR= 0: HPLOT C1%, 45 TO C1% ,55: HCOLOR= 3
Ci% = D1%(J) + H

IFC1% < 0 THENC1% = 0

IFC1% > 279 THEN C1% = 279

HPLOT C1%,45 TO C1%,55

HCOLOR = 0: HPLOT C2%,95 TO C2%,105: HCOLOR= 3
C2% = D2%(J)-H

IFC2% < O THENC2% = 0

IF C2% > 279 THEN C2% = 279

HPLOT C2%,95 TO C2%,105

HCOLOR = 0: HPLOT C3%,145 TO C33%,155: HCOLOR= 3
C3% = D3%(J) + H

IFC3% < 0OTHENC% = 0

IF C3% > 279 THEN C3% = 279

HPLOT C3%,145 TO C3%,155

NEXT K
H1%(J) = H

NEXT J

HGR

POKE 49234, 0

FORJ = 1 TO 250

Y = 191-J . 191 /250

U = 88/280

H = INT (H1%(J) « U)

D1 = INT ((D1%(J) - 140) « U + 45)

D2 = INT ((D2%(J) - 140) » U -+ 135)

D3 = INT ((D3%(J) - 140) » U + 225)

Cl = Di + H:C2 = D2- H:C3 = D3 + H

IFC1 < OTHENC1 =0

IFC3 > 278 THEN C3 = 278
HCOLOR= 1

HPLOT D1,Y: HPLOT D2,Y: HPLOT D3,Y
HCOLOR= 2

HPLOT C1,Y: HPLOT C2,Y: HPLOT C3,Y
HCOLOR= 3

HPLOT H + 45,Y: HPLOT - H + 135,Y: HPLOT H +225)Y
NEXT J

INPUT """"; A%

TEXT

GOTO 180

102
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Listing 6: A computer such as the Apple I
which has high-resolution graphics capa-
bilities greatly simplifies the program
originally given in listing 5. This program
performs the same operations as the simu-
lation in listing 5. The author acknow-
ledges the assistance of Charles Faso from
Computerland of Niles IL in preparing
this program.

Text continued from page 98:

processor which is loaded by the
BASIC program at any specified
256-byte memory-address boundary
(specify in hexadecimal only the
most significant byte of the location
of the subroutine).

The machine-language subroutine
reads in the handle position, adds it
with the appropriate sign to the value
of a disturbance that is passed to the
subroutine by the CALL command
(in the DE register pair), erases the
old cursor, and deposits the new cur-
sor, a rubout, on the screen. Each
time the subroutine is called it steps to
the next cursor, recycling as
necessary. On return from the
subroutine, the handle position is
passed back to the main program (in
the HL registers). The machine-
language program is in lines 200 thru
230, expressed as a string of hex-
adecimal bytes with no punctuation.
Thus if your machine is not an
8080/Z80 type, a program can be
assembled, the listing copied into
these lines, and possibly this program
can be made to work with little other
modification.

The program asks for the most
significant byte of the place where the
machine-language subroutine is
stored. The loader adjusts memory
references by inserting the value of
this byte in memory wherever
necessary, after the program is loaded
(lines 300 thru 330).

The display area consists of 1 K
bytes of memory starting on any
256-byte boundary. Lines 370 thru
400 ask for the starting location of the
memory area devoted to the display,
and set up base registers in the
machine-language program for the
left margin of each cursor’s move-
ment. The FILL command is like
POKE. If the computer has graphics
capability built-in, everything from
line 60 thru 400, and the plotting
subroutine (later), can be accomplish-
ed in a simpler way.

Disturbance tables are set up in
lines 510 thru 620. The unnecessary
use of symbols, instead of constants,
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Color. VP-590 add-on Color Board allows program M Expanded Tiny BASIC Board
control of 8 brilliantcolorsforgraphics, colorgames. puts this high-level language

Plus 4 selectable background colors. Includes on your VIP. BASI
sockets for 2 auxiliary keypads (VP-580). $69° in 4‘;( of ROM. Rseagstf%rreicr‘n- :
mediate use—no loading ;
necessary. This expanded
BASIC includes the standard
Tiny BASIC commands plus
12 additional—including
color and sound control!
Requires external ASCII
encoded alpha-numeric
keyboard. $39:

Sound. VP-595 Simple Sound Board provides 256
tone frequencies. Great for supplementing graphics
with sound effects or music. Set tone and duration
with easy instructions. $24!

Music. VP-550 Super Sound Board turns your VIPinto a music |
synthesizer. 2sound channels. Program control of frequency, |
time and amplitude envelope (voice) independently in each
channel. Program directly from sheet music! Sync provision
for controlling multiple VIPs, multitrack recording or other
synthesizers. $49°

Memory. VP-570 RAM Expansion Board adds 4K
bytes of memory. Jumper locates RAM in any 4K
block of up to 32K of memory. On-board memory
protect switch. $95;

EPROM Programmer. VP-565 EPROM Programmer Board
comes complete with software to program, copy and
verify 5-volt 2716 EPROMs—comparable to units -
costing much more than the VP-565 and VIP put S
together! Programming voltages generated on \\'
board. ZIF PROM socket included. $99" -

EPROM Interface. VP-560 EPROM Interface
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action games! 16-key keypad
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or VP 585 Keyboard Interface
Card ($10%).
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COSMAC VIP lets you add
computer power a board at a time.

With these new easy-to-
buy options, the versatile
RCA COSMAC VIP
(CDP18S711) means even
more excitement. More
challenges in graphics,
games and control func-
tions. For everyone, from
youngster to serious hobby- puter store or electronics
ist. And the basic VIP com- ' " parts house. Or contact
puter system starts at just $249* assembled RCA VIP Marketing, New Holland Avenue,

easy to program and operate.
Powerful CHIP-8 interpre-
tive language gets you into
programming the first
evening. Complete docu-
mentation provided.

Take the first step now.

Check your local com-

and ready to operate. Lancaster, PA 17604. Phone (717) 291-5848.
Simple but powerful_not lust a on. ?;:Egl{;st;epd‘r:giuzllﬁ; ?9!:;;188?11 does not include video monitor or cassette recorder.

Built around an RCA COSMAC micro-
processor, the VIP includes 2K of RAM. ROM
monitor. Audio tone with a built-in speaker.

Plus 8-bit input and 8-bit output port to inter- The fun way
face relays, sensors or other peripherals. It's into computers.
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Circle 40 on inquiry card.

TExAs Q%@

INSTRUMENTS
T1-99/4

Home Computer

+ 76 K RAM extended T| BASIC.

+ 16 calor graphics. and music and sound effects.

+ High quality 13" color monitar.

+ 16 K RAM user memory.

CTC'S DISCOUNT PRICE FOR THE COM-
PLETE SYSTEM; CONSOLE & 13" COLOR

MONITOR Order now. Subject 1o availabillty
by manulaciurer.
$ 1 0 9 9 Price subject to change without notice.
Refunds guarantead prior 1o dellvery.
o - @E -
y _The Computer People
San Diego's largest Discount Computer & Calculator |
I Store. 5560 Ruffin Road, San Diego, CA 92123 1
' Plaase ship me the following merchandise. .
I viawp caLculaTors ]
I 7i-Programmes Hex-Octal Calculatar § 49855 ]
I Ti-58C programmable constant memory 99858
TI-59 programmable mag cards 295 1
I s slimline scientific 33955 I
I TI-5025 printing handheld 69.95 %
TI-5225 business desktop LEE: 3 S |
| IRIRL 5 function w/memary 10855 I
TI-1000 5 function B95s__
' Spelling B electronic spelling aid 5865 ——
' Speak & Spell spefling aid that talks!! 5809535
HP-33E programmahle scientific 1696% I
. HP-3BE pragrammable business 98.95 5 I
. HP-92 desktop business 398855
HP-67 programmable w/mag card 361.95 5 I
. HP-37 desktop programmable 597.005 .
i TI HOME COMPUTER PRODUCTS 1
PHCOO4M  T1:99/4 Home Computer $1099.00 § _ i
l PHAZO00  Dual Casserte Cable 695 1
PHP1100  Remate Cantrols (Pair) 2995 s
l PHP1500  Speech Synthesizer 14985 s ]
] COMMAND MODULES 1
I PHM3000 Diagnostic 2085 § I
PHM3001  Demanstration 6995 §
l PHM3002  Early Learning Fun 2905 s ____ .
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Figure 17: Schematic arrangement of experimental setup. Three slow and smooth distur-
bances are added to a measure of the handle position (with a negative sign for the
middle one), to determine the position of 3 corresponding cursors. The subject selects 1
cursor and a reference position for it, and uses the handle to maintain the cursor at that
position. A run lasts about 1 minute, and 250 samples of handle position are recorded.

For plotting, the cursors are reconstructed
corresponding records of handle position.

is an attempt at acceleration. It still
takes a minute to load the 3 distur-
bance tables, each 250 bytes long. All
long tables are strings; only 8 bits of
accuracy is needed, so by using the
CHR$ and ASC functions, the tables
can be stored 1 byte per value instead
of 5 bytes per value. Disturbances are
in tables because BASIC cannot
calculate them fast enough.

Disturbance D1 is a sine wave and
D3 is a triangular wave. D2 is a
smoothed random disturbance. On
reruns, only D2 is reloaded, taking
about 20 seconds.

The experimental run is controlled
by lines 660 thru 780. Lines 660 and
680 lay down 3 arbitrary scales on the
screen, while the rest repeatedly call
the machine-language subroutine. For
each stored value of each distur-
bance, all 3 cursor positions are com-
puted and plotted, and the handle
position is stored in the table H1$.
The inner loop from line 710 to line
770 adjusts the duration of the ex-
perimental run; here it is set up so
that the disturbances change and a
handle position is recorded only
every fourth time the display is
generated. On my system, this works
out so the display is refreshed 16
times per second, and data is sampled
and stored 4 times per second. The 2
OUT statements reflect my laziness; I
use 2 digital-to-analog outputs to
supply the voltage to the poten-
tiometer that measures handle posi-
tion.

The data plotting routine (lines 820
thru 1010) is entered at the end of an
experimental run. This routine is set
up to plot either on the video screen

from the tables of disturbances and the

or on a hard-copy device; it asks for
the X and Y dimensions of the plot,
which cursor is to be plotted, and
which device is to be used. My system
is set up so the typewriter is device 2
and the screen is any other device
number. If you do not have this
ability in your BASIC or system,
delete lines 1060 and 1070 (in the
subroutine that requests information
about the display), and eliminate the
“#2,” in lines 970 and 990. In North
Star BASIC, the exclamation point is
short for PRINT,

Only the handle position is stored
as data; the cursor positions are
reconstructed during plotting from
the list of handle positions and the
corresponding tables of disturbances.

The plotting scheme is designed to
work with any teletypewriter-like
device. If you have legitimate
graphics, you can rewrite this part
and get a more pleasing result.

There are 3 choices for plotting,
each associated with cursors C1, C2,
and C3. Each plot shows the cursor as
a C, the handle position as an H, and
the disturbance acting on the cursor
as a D. A dot indicates the center of
the display when nothing else is there.
After each plot is finished, there is a
pause; hitting the carriage return will
cause the program to ask about the
next plot. If the question about the Y
dimension of the display is responded
to with a 0, the program will reload
the random disturbance table and
issue a prompt for another ex-
perimental run. The old data will be
destroyed. Remember, it takes about
20 seconds to reload the random
disturbance table. Do not panic if

\.
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there is a long pause.
At line 1260 there is a utility

routine that converts any hex-
adecimal number up to 10 digits to a
decimal number. I used it while

writing the program. It calls the con-
version subroutine starting at line
1130.

Running the Experiments

If you possibly can, take the
trouble to set this experiment up.
Nothing can take the place of actually
experiencing yourself as a control
system and understanding things that
you have taken for granted all your
life.

Here is a typical run for the benefit
of the many readers who do not have
the equipment to do this; the data will
then be observed. Here is an old
friend, Chip Chad (from part 1 of this
series), glaring at the screen and
maintaining a choke-hold on the
handle, waiting for the experimenter
to hit the return key at line 610. The
experimenter reaches in and taps the
key. The reference scales slide up into
place and the 3 cursors pop into view,
moving. Chip picks the middle one as
most people do the first time, decides
to keep it on the middle + mark, and
after a few wobbles succeeds.

‘So what?” he says.

If learning were being studied,
good information could be obtained
from this first run. But the plan is to
see Chip acting as a competent con-
trol system, so his first effort is
praised and he is given another run
(answering the query about Y dimen-
sion with a 0). After the second run,
the data is plotted for each cursor.

Figure 18 shows the data for each
cursor, number 1 on the left, 2 in the
middle, and 3 on the right. The 2 end
plots are a mess, but the middle plot
shows a striking symmetry., The Cs
march more or less down the center
of the screen, deviating a little to left
and right, but maintaining a constant
position on the average. The Ds make
a random-looking pattern, and the Hs
follow almost the mirror image of the
D pattern.

Looking carefully at the middle
plot, could it be said that the handle
position or motion looks like any sort
of regular function of the cursor posi-
tion or motion? There may be some
relationship, but it certainly is not
clear.Probably, nobody would claim
that the large, smooth motions of the
handle could be reconstructed ac-

106  September 1979 © BYTE Publications Inc

curately on the basis of measurements
of cursor position (that is, recon-
structed roughly or statistically with
accuracy,especially if handle ac-
celeration is compared with cursor
deviation from the average position).
The best which could be hoped for
would be some statistical relationship
(eg: a small signal buried in much
noise).

On the other hand, the relationship
between the handle position and the
magnitude of the invisible distur-
bance is obvious and quantitative. It
is seen that the handle position is the
mirror image of the disturbance
magnitude with an error of only a few
percent of full scale. There is much

signal and little noise in that relation-
ship.

Here is the situation. There is 1
measure of Chip’s behavior, H. There
are 2 variables, D and C, either of
which might have some relationship
to that behavior. Which variable, D
or C, would be selected by any
statistical test as the most probable
cause of the behavior? Of course, D
would be selected. In fact, a formal
statistical analysis, like those done in
every scientific study of behavior,
shows D to be the only significant
contributor to the behavior, while C,
the cursor position, is rejected as an
irrelevant variable!

That is a paradox, however, from

Figure 18: A typical run for a practiced subject. In figure 18a is the record for D1, C1,
and H. Figure 18b has the record for D2, C2, and H; figure 18c has the record for D3,
C3, and H. In figure 18b, the cursor is held near the center, while the handle position is
at all times very nearly the mirror image of the disturbance amplitude. It is very easy to

decide which cursor was under control.
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Figure 19: Cause and effect paradox. Under the old concept that stimuli cause behavior,
the cause and effect chain runs from the disturbance to the cursor, through the subject,
to the behavior, However, the correlation of the disturbance and the cursor position is
very low, as is the correlation of the cursor position and handle position (for the con-
trolled cursor). This would lead to a prediction of an even lower correlation of distur-
bance and behavior. In fact, that correlation is normally very high (0.99 or better).
Only the control theory analysis of this experiment can explain this otherwise paradox-

ical situation.

the traditional point of view. The
only way D can affect Chip's
behavior is through its effects on C,
since all that Chip can sense is the
cursor position. The disturbance itself
is invisible. If C does not correlate
with the behavior, then how can
anything that acts exclusively
through effects on C correlate any
better with behavior? Yet a typical
correlation between C and H is
around 0.1, while the correlation of H
with the corresponding D is typically
0.995. See figure 19.

That is the proof mentioned earlier.
The old cause-effect model fails
utterly when applied to this situation.
The question then is, why have
generations of intelligent people
believed that behavior is caused by
sensory stimulation? The answer is
clear: they have been fooled by a
monstrous illusion.

The illusion would be easier to see
if there was some visible, direct in-
dication of the magnitude of the
disturbance. Suppose there were a
moving D (or a number that con-

CORRELATION 2 0.99

D— = ¢c—=[sUBJECT] —H

CORRELATION < 0.1 CORRELATION £ 0.1

tinually reflected the magnitude of D)
on the display. Clearly, if Chip
managed to control C without that
indication, he could still do so; he
could ignore it and perform as well as
ever. However, something has now
been added that would mislead a
bystander who did not understand
control theory.

That bystander could now see 2
variables, both able to affect Chip’s
senses. Taking the apparent relation-
ships at face value, it would be clear
that the indication of D was accur-
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ately associated with the handle posi-
tion; while the movements of the cur-
sor, such as they are, show no such
association. Furthermore, the varia-
tions of D are large and smooth, and
there is no observable relationship
between D and C. Why should the
bystander suspect that C is being
affected by D in one way and affected
by H in an opposite way? The ob-
vious conclusion is that the variations
in D are causing Chip’s behavior,
while C has nothing to do with his
behavior, especially if C does not
vary more than the fixed background
scales do. If the screen were full of
irrelevant cursors, jiggling around
slightly, how could the bystander
pick C as something of special impor-
tance? If BASIC were fast enough, |
would have included such irrelevant
cursors; the point being made here
would then be obvious.

An organism is surrounded by a
world full of variables; variables that
change within widely diverse ranges.
The organism receives many signals
from its internal parts, too. In that
sort of situation, if the organism is
controlling some of the variables, it
will react strongly and smoothly to
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any disturbance tending to alter 1 of
the controlled variables. The result is
that it will seem to be responding
directly to the disturbances. There
will be no obvious indication that it is
controlling anything at all. There is
every excuse for even the best of
scientists to have observed the rela-
tionship between disturbance and
behavior, and to have missed the
very existence of controlled variables.

The name for such disturbances is
stimuli. Once in a while, an ex-
perimenter must have accidentally
picked a real controlled variable to
call a stimulus, but the chances are
against that. If an attempt is made to
manipulate a real controlled variable,
the organism will have to be strapped
down to keep it from interfering.
That is what is done in such cases. If
the organism insists on acting like a
control system, forcibly break the
loop and malke the organism conform
to the theory. As a famous
psychologist said, the theme is
“Behave, damn it!” It never occurs to
such stong-willed individuals that
they might have the wrong idea about
what is happening.

There is more in this elementary ex-

periment than meets the eye. If all
psychologists were to experience it,
and try to meet the challenge of ex-
plaining these effects using any stan-
dard theory, the result would be a
total collapse of that science, follow-
ed by a rebirth. However, many jobs
would be threatened. What has
happened instead is that a handful of
psychologists has supported this
theory, another handful has taken up
arms against it, and most have
resolutely ignored it.

I suggest that you run this experi-
ment many times with subjects con-
trolling all 3 cursors. Every case will
show that mirror-image relationship
between D and H and little relation-
ship between C and either D or H. If
the previous parts of this series are
studied and all the relationships that
make up a control system thought
about carefully, it will be evident that
there is no other explanation for what
is going on here. If you get nothing
else out of this, you should acquire an
intuitive feel for a new theory of how
behavior works. You might even
begin to understand how to design a
robot in a new way.

It is time now to try to fulfill a pro-
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mise implied in part 1, to show how
anyone with a home computing
system can make important contribu-
tions to this new science of human
nature.The best way this can be done
is to start with the experiment used,
and to show how it can be extended
to become a powerful tool for in-
vestigating human organization. The
main objective will be to introduce
the test for the controlled variable,
the nearest approach 1 know of to
mind reading.

More Controlled Variables

Once subjects controlling all 3 cur-
sors have been seen, it might seem
that the possibilities of this experi-
ment have been exhausted; this is not
the case at all. There are controllable
variables all over that screen; all of
them can be controlled by the same
means, movements of the handle in 1
dimension. Discovering them is a
good way to get out of the habit of
thinking that we simply perceive our
environment, and start a new way of
thinking: to recognize that we con-
struct perceptions, imposing order on
our experiences far more than
recognizing order. As you will see, a

controlled variable does not have to
be “real” at all.

Here is an example. It is possible to
perceive the relative position of any
of the 2 cursors. The handle affects
C2 in a direction opposite to its
effects on C1 and C3, so the relative
position of C1 and C3 cannot be con-
trolled because the handle does not
affect it. However, it is possible to
keep C1 even with C2, or C2 even
with C3; in fact, it is easy. A plot of
the results would involve plotting
C2-C1 or C3-C2 instead of just C,
and D2-D1 or D3-D2 instead of just 1
disturbance. The mirror image rela-
tionship with H would be as good as
ever. Do not forget that C2-C1 and
C3-C2 are variables. Any value of the
variables can be selected as a
reference level (eg: C1 to be 1 inch to
the left of C2).

These are examples of higher-level
controlled variables. If the subject
could not perceive the present posi-
tions of the cursors, he or she cer-
tainly could not perceive their
relative positions. Relative position is
derived from perceptions of in-
dividual positions, but not vice versa.
In order to control relative positions,

it is necessary to control (or at least
vary) individual positions, but in-
dividual positions can be controlled
without controlling relative posi-
tions, These are the relationships one
looks for to map out a hierarchy of
perception and control.

Other relative perceptions can be
controlled. All 3 cursors can be kept
lying in a straight line, at least within
the range where 1 of them does not
fall off the edge of the display and
pop up at the other edge. Reducing
the amplitude of the disturbances
would eliminate that problem. Also,
the 3 cursors can be made to form any
fixed angle, subject to the same
limitation. There may be more static
patterns that can be controlled, but I
have not thought of any. This is, after
all, a simple display.

It is not, however, limited to static
conditions. Suppose the subject
visualizes a pattern in which 1 cursor
moves back and forth slowly between
2 limits. This pattern can easily be
maintained, the handle moving just
enough to produce it, and enough
more to cancel the effects of any of
the disturbances. A similar oscillation
could be maintained for the relative
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variables. This is a still higher-level
variable, a temporal pattern. The
subject chooses which temporal
pattern to perceive, and what state of
that kind of pattern to maintain,
Control still requires only the use of
the 1-dimensional effect caused by the
handle.

There is clearly an infinite range of
different temporal patterns, ranging
from a simple steady motion in 1
direction to completely arbitrary mo-
tions and rhythms. There is an
unlimited number of potential con-
trolled variables in this simple
display. Anything that can be
perceived, and that the handle can
affect in a systematic way, can be
controlled.

For all of these examples of con-
trollable perceptions, it is essential to
remember that the disturbances are
acting all the time. This is not a
matter of producing any particular
behavior. The cursor cannot be made
to move slowly back and forth be-
tween fixed limits just by moving the
handle slowly back and forth be-
tween fixed limits. The handle might
be moving the wrong way at many

moments, when the disturbance tends
to make the cursor move faster than
the reference pattern being con-
sidered. There is no one-to-one cor-
respondence between handle position
or velocity and cursor position and
velocity, because of those ever-
present disturbances. Regularities of
behavior are not being looked at
here, but regularities of controlled
perceptions. If there were a slowly
oscillating prism between the display
and the subject’s eyes, a regular pat-
tern of movement of the cursor on the
screen would not be seen. The subject
controls the visual image, not the
reality. For the higher-level variables,
the subject controls some function of
the visual image (often the controlled
variable could not be found, even on
the retinas).

One could create displays of far
greater complexity, and provide
means of affecting the display that
have more than 1 degree of freedom
to explore a staggering range of possi-
ble controlled variables. This is what
[ suggest be done, The first step in the
development of any new science is ac-
quire the facts; here the most needed

Introducing...
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facts concern what variables human
beings can actually control. What is
needed is a large and simpleminded
program of recording the obvious
and obscure. What is needed is a
body of definitions of variables in
every sensory mode that people have
been able to control. Order and
system count much less than sheer
volume of data at this point, In fact,
an unsystematic gathering of data
may be the best kind, since it will not
be constrained by theories about
what people ought to be able to con-
trol. Anything which can be a way of
testing is worth testing at this stage.
The possibilities are limited only by
the imagination.

We do need some sort of ordering
principle—some criterion for judging
the reality of any proposed controlled
variable. This is where the test ap-
pears; here is how it works.

Test for Controlled Variables

The first thing to remember when
investigating a possible controlled
variable is that in order for something
to be controllable it has to be
variable. There is neither the means
nor the need to control the existence
of the Empire State Building or the
planet Jupiter. Not all perceptions are
controlled. Some are just distur-
bances; some are just there.

One might think initially about
controlling, for instance, a car.
People often speak casually about
controlling things. But what is meant
is controlling something about those
things. A person cannot really con-
trol a car; but under proper cir-
cumstances its shape, its color, its
price, its speed, its direction, its park-
ing place, its dirtiness, its
dangerousness, its desirability, its
altitude, or the flatness of its tires can
be controlled. A car, after close in-
spection, proves to be composed en-
tirely of hundreds or even thousands
of variables. Together they create
“car-ness”’ in our perceptions. In-
dividually, or in groups, most of
them can be affected by one means or
another, and can be controlled if it is
worth the effort. You can even make
the car disappear instantly by closing
your eyes. Keep remembering that
what is controlled is really a percep-
tion.

The first step in applying the test
for the controlled variable is to define
a variable. You do not have to know
in advance if it is a controlled



Ready to plug in and run the moment you receive
it. Nothing else to buy, no extra memory. No
“booting” with PerCom MINIDOS-PLUSX™, the
remarkable disk operating system on EPROM.
Expandable to either two or three drives.
Outstanding operating, utility and application
programs.

To order
or request
literature
call Percom
toll-free
1-800-527-1592.
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For the low $599.95 price, you not only get the disk drive, drive power
supply, SS-50 bus controller/interface card, and MINIDOS-PLUSX™,
you also receive:

e an attractive metal enclosure e a fully assembled and tested inter-
connecting cable ® a 70-page instruction manual that includes operat-
ing instructions, schematics, service procedures and a complete list-
ing of MINIDOS™ e technical memo updates — helpful hints which
supplement the manual instructions e a 90-day limited warranty.

SOFTWARE FOR THE LFD-400 SYSTEM
Disk operating and file management systems

INDEX™ The most advanced disk operating and file management
system available for the 6800. INterrupt Driven EXecutive operating
system features file-and-device-independent, queue-buffered
character stream 1/0. Linked-file disk architecture, with automatic file
creation and allocation for ASCII and binary files, supports sequential
and semi-random access disk files. Multi-level file name directory
includes name, extension, version, protection and date. Requires 8K
RAM at $A000. Diskette includes numerous utilities .. .. .. .. $99.95

BASIC Interpreters and Compilers

SUPER BASIC A 10K extended disk BASIC interpreter for the 6800.
Faster than SWTP BASIC. Handles data files. Programs may be
prepared using a text editor described below . ............. $49.95
BASIC BANDAID™ Turn SWTP 8K BASIC into a random access data
file disk BASIC. Includes many speed improvements, and program
diske GEAINIFIO G, TN, oo o e R o . L TN ey $17.95
STRUBAL +™A STRUctured BAsic Language compiler for the pro-
fessional programmer. 14-digit floating point, strings, scientific func-
tions, 2-dimensional arrays. Requires 20K RAM and Linkage Editor
(see below). Use of the following text editors to prepare programs.
Complete with RUN-TIME and FLOATING POINT packages $249.95
Text Editors and Processors

EDIT68 Hemenway Associates' powerful disk-based text editor. May
be used to create programs and data files. Supports MACROS which
perform complex, repetitive editing functions. Permits text files larger
than available RAM to be created and edited . ... .......... $39.95

TOUCHUP™ Modifies TSC's Text Editor and Text Processor for Per-
Com disk operation. ROLL function permits text files larger than
available RAM to be created and edited. Supplied on diskette com-
plete withrsource listing «..... iiviiviiiiiiiiervsnssaes $17.95

Assemblers

PerCom 6800 SYMBOLIC ASSEMBLER Specify assembly options
at time of assembly with this symbolic assembler. Source listing on
diskette - i o s e R R Al $29.95
MACRO-RELOCATING ASSEMBLER Hemenway Associates'
assembler for the programming professional. Generates relocatable
linking object code. Supports MACROS. Permits conditional

A8 SemDIY i e SR L el e o S R $79.95
LINKAGE EDITOR - for STRUBAL +™ and the MACRO-Relocating
BE SOl BL 5 e g o e s s e A e e e e s $49.95

CROSS REFERENCE Utility program that produces a cross-
reference listing of an input source listing file ............%$29.95

Business Applications

GENERAL LEDGER SYSTEM Accommodates up to 250 accounts.
Financial information immediately available — no sorting required.
Audit trail information permits tracking from GL record data back to
source document. User defines account numbers ........ $199.95
FULL FUNCTION MAILING LIST 700 addresses per diskette. Power-
ful search, sort, create and update capability . ............. $99.95
PERCOM FINDER™ General purpose information retrieval system
and data base Manager - .. e s aeEamiibln s aviuds yadi $99.95
™ trademark of PERCOM Data Company, Inc

™ trademark of Hemenway Associales Company.

Now! The LFD-800 and LFD-1000. Add one, two or three
LFD-800 drives and store 200K bytes per drive on-line. Add
one or two (dual-drive) LFD-1000 units and store 800K bytes
per unit on-line. Complete with interface/controller, DOS,
cable & manuals. Two-drive systems: LFD-800 — $1549;
LFD-1000 — $2495.

PERCOM ‘peripherals for personal computing’
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variable; you do not even have to
know where the supposed control
system is. All you have to do is to
pick out something that you know is
variable and “push” on it.

By push I mean to apply a distur-
bance that under normal cir-
cumstances should have a predictable
direction and amount of effect on the
variable. If I push hard enough on a
life-sized statue, it should tilt in the
direction of the push. Perhaps it will
topple in that direction according to
the simple laws of mechanics.

Having selected a variable and ap-
plied a push to it, the next step is to
measure the actual effect of the push.
I predict that pushing on this statue
should make it tilt a certain amount
in a certain direction. [ apply the push
and observe the tilt.

If the actual effect is far smaller
than the predicted effect, common
sense indicates that something must
be pushing back. If the pushing-back
is always just enough to cancel any
amount or direction of disturbance
(within some limits), it can be con-
cluded that the pushing-back is
systematic. The mirror-image effect
that has been observed is what is
wanted.

It is necessary to discover what is
pushing back, and how it is doing the
pushing. Perhaps, examining the
statue carefully, an iron rod is found
supporting its back from its base. In
that case, a conclusion is made that
there were not enough facts to make a
correct prediction of the effects of the
push; the bending moment of the rod
should have been taken into account.
But if no simple explanation for the
failure of the prediction is found, one
must look further,

Suppose it is discovered that the
base of the statue seems to move
when pushed. If there is a push to the
east, the base tilts to the west moving
the center of support east of the
center of gravity of the statue, and
thus creating a counterforce. Suppose
this tilt of the base is found to be
always just what is required to offset
the effects of the push. It can be con-
cluded that one may be on the trail of
a control system.

What has been done is to find out
something about the means of con-
trol, the path by which the output of
the control system, if it exists, might
be linked to the controlled variable
(the angle between the statue's
longitudinal centerline and the ver-
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tical). Finding this link is a necessary
step in the test.

That step will usually lead to
discovering the physical control
system. Tracing the wires that work
the motors that tilt the base of the
statue, you find a black box a few
yards away from the statue. That
may be the control system, or at least
all of it that is not its actuators (which
have been found).

There is still one step to be taken.
You cannot be completely sure of the
nature of the control system until you
discover the wvariable it is really
sensing. The situation has been
approached with human prejudices;
to me, it seems that the controlled
variable is the orientation of the
statue, a geometric or visual variable,
Perhaps that variable is only related
to the real controlled variable. What
must be found now are the sensors
that the control system is using.

Thinking in visual terms, you
might look for a photocell that
detects the tilt. Suppose a photocell is
found on a stand near the statue. The
test calls for breaking this link,
preventing the sensing of the statue.
The result should be that the effect of
the push returns to what would be
predicted from mechanical laws. So
the photocell is covered and the
disturbances are applied again. What
happens is that the floodlights il-
luminating the statue turn on. The
statue still resists the push—the
photocell was for something else.

By careful searching 4 strain gauges
built into the base of the statue are
discovered. These provide a signal
showing where the center of thrust is,
and the wires from the strain gauges
run over to that black box. Discon-
necting the wires shows that now the
push succeeds in tilting the statue. As
soon as its tilt becomes marked, an
angry groundskeeper comes leaping
out of the bushes and arrests the ex-
perimenter. Aha! You may have
discovered another control system
controlling the state of the statue.

To recapitulate, the test for the
controlled variable involves the
following steps:

1. Define a variable.

2. Apply various amounts and
directions of disturbances
directly to the variable.

3. Predict the expected effects of
the disturbances, assuming no
control system is acting.

4. Measure the actual effect of the
disturbances.

5. If the actual effect is essentially
the same as the predicted effect,
stop. No control system is
found.

6. If the actual effect is markedly
smaller than the predicted
effect, look for the cause of the
opposition to the disturbance,
and determine that it results
from systematic variations in
some other variable. If such a
cause is found, it may be
associated with the output of a
control system.

7. Look for a means of sensing the
controlled variable. If none is
found, stop: no control system
is proven to exist.

8. If a means of sensing is found,
block it, so the variable cannot
be sensed. If control is not lost,
the sensor is not the right one. If
no such sensor is found, stop:
no control system is proven to
exist.

9. If all steps of the test are passed,
the variable is a controlled
variable, its state is its reference
level, and the control system
has been identified.

To apply step 8 of the test to our
computer experiment, cover the cur-
sor suspected of being controlled with
a cardboard strip. Control should be
lost. Cover each cursor. The covered
one will never pass the test. The other
steps are easily carried out.

Concluding Remarks

Now it is up to you. You can test
controlled variables involving inten-
sity, sensation, configuration,
change, sequence, relationship,
strategy, principle, and system con-
cepts having to do with visual,
auditory, tactile, kinesthetic, and
other senses.

Good luck with the programs, and
good hunting for controlled
variables. I will be interested to
receive word about what people are
doing with the information covered
in these articles.m
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Buy this book at
yourfavoritecom-
puter bookstore
or direct from
BYTE BOOKS.™

Add 60¢ per book for
postage and handling

The marvelous
computer projects that
Steve Ciarcia has constructed in his
cellar are explained in detail so that you
can make your microcomputer perform the same
useful functions. Each article is a complete tutorial,
presented in such an easy-going style that even
beginners can understand and enjoy.
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Turning computer programmers
into computer
composers!

For the first time:
Hard-to-obtain
computer music
material has been
collected into one
convenient, easy-to-
read book.

EDITED

A cumrmm 2 e\ The BYTE Book of
Computer Music com-
bines the best from
past issues of BYTE
magazine with exciting new material

of vital interest to computer experimenters.

The articles range from flights of fancy about the reproductive
systems of pianos to Fast Fourier transform programs

written in BASIC and 6800 machine language. Included in

this fascinating book, edited by Christopher P. Morgan,

are articles discussing four-part melodies, a practical music
interface tutorial, electronic organ chips, and a remarkable
program that creates random music based on land terrain maps!

ISBN 0-931718-11-2 $1000
Buy this book at your favorite computer book
store or order direct from BYTE BOOKS
Add 60¢ per book for postage and handling E ﬂ ﬂ ~ S
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70 Main Street Peterborough, New Hampshire 03458

114 BYTE September 1979 Circle 36 on inquiry card.



T T TR T T T e e e T T

BYTE News . ...

T T R T T T T T LT

S-100 8086 AND Z8000 CARDS COMING: At least 6 S-100 product manufacturers are about to
release 16-bit processor cards for the S-100 bus that use the Intel 8086 and Zilog Z8000. One such
card has already been announced, a 8086 processor card from Seattle Computer Products Inc,
Seattle WA. All will conform to the Institute of Electrical and Electronic Engineers (IEEE) S-100
standard that is soon to be adopted. They will work with most 8-bit memory cards using byte-serial
read/write. However, for full speed operation you will need either a true 16-bit memory card or a
modification of your present memory cards. To modify memory cards requires cutting traces, some
rewiring, and adding some logic circuitry.

Microsoft has already announced and demonstrated an 8086 BASIC, and is working on a Z8000
BASIC, as well as other 16-bit software. Digital Research is working on a 8086 version of CP/M. Most
16-bit software in development will be designed for multiprocessing environments, using real-time
clocks and interrupt-driven user-inputs.

CP/M 2.0 TO BE RELEASED SOON: There is no doubt that the most widely used disk operating
system for microcomputer is CP/M, developed by Gary Kildall of Digital Research, back in 1974.
Although originally written for the Intel 8080 development system, it was adapted to run on 8080,
8085 and Z80 systems of many types. Its power and flexibility puts microcomputers in the big leagues
by providing features and capabilities normally found on the bigger models.

Gary Kildall is planning to release the lst major revision to CP/M (Version 2.0). It will use a real-
time clock and be interrupt-driven. It will support all present CP/M software. Look for its release
around September 1st.

RANDOM RUMORS: Matsushita Inc is rumored to be working on a $250 printer which will generate
“letter quality’ type. It will print at 15 characters per second and include a keyboard. Rumors about
Hewlett-Packard’s Personal Computer are getting warmer. It may be introduced in time for the
Christmas market. Expected to sell in the $2500 area, it will have a 5-inch black and white monitor,
16 K bytes of programmable memory, BASIC in read-only memory, a built-in thermal printer and
cassette I/O (input/output). Texas Instruments is developing a 3 or 4-inch Winchester-type disk drive
to sell for approximately $50. Shugart is about to start delivery on the $70 5-inch floppy disk drive
made by Matsushita. Infoton, a video terminal manufacturer, is rumored to be about to introduce a
video terminal which will sell for less than $400 in large quantities. It will use the Zilog Z8 micro-
processor and have a total of only 16 integrated circuits. All circuitry will be on 1 printed circuit
card, the power supply will be transformerless, and a special elastomeric keyboard will be used.

HAND-HELD COMPUTER IN DEVELOPMENT: Matsushita Electrical of Japan and Friends-Amis Inc
of CA have agreed to develop and produce "the first practical hand-held personal computer.” The
size of a hand-held language translator, the unit could be in production by the end of the year. The
computer will be able to accept preprogrammed and user programmed memory capsules. Prepro-
grammed capsules will include information on business, science, language, education, etc. The
computer will have modular construction, enabling new technology modules to be added as they are
introduced. Add-ons will include a miniprinter, miniature video display, and a voice synthesizer.

MICRO-MOUSE CONTEST FINALLY ENDS: The 2 year long “"Amazing Micro-Mouse Contest” run
by the IEEE has finally ended. Although several thousand entries were received, less than 100
actually ran the maze. The contest’s objective was to design a robot-type device which could
negotiate and learn a maze as it went through. The trials were held at conventions of the IEEE, NCC
shows and PC-78.

The ultimate winner was entered by the team of Howard P Katseff and Roy Tramwell from Bell
Labs, Holmdel NJ]. Their mouse ran the 8%2 by 8%2-foot maze in just under 30 seconds. It employed a
Z80 microprocessor with 4 K bytes of read-only memory and 1 K bytes of programmable memory.
Second prize was taken by the team from Batelle Memorial Institute of Richland WA. Art Boland,
Ron Dilbeck and Phil Stover’'s mouse ran the maze in just over 31 seconds. One high performer was
actually nonprocessor controlled, and ran the maze in just under 40 seconds.
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VOICE-OPERATED TV DEMONSTRATED: Sanyo Electric Co recently demonstrated a television
receiver that responds to voice commands to turn on and off and switch stations. Utilizing a micro-
processor, the unit compares the voice input to voice patterns stored in memory. The unit has a 30-
word vocabulary, and can respond to the voices from 2 different people. Furthermore, the voice
input can be used to play games. Sanyo has not announced any immediate plans for incorporating
the receiver into its television sets.

APL FOR MICROCOMPUTERS: Despite a report in an earlier BYTE NEWS column, Quark has
decided against introducing its APL microcomputer using the Intel 8086 microprocessor.

JAPANESE MOVING SWIFTLY INTO MICROCOMPUTERS: At least 9 Japanese manufacturers are
presently manufacturing microprocessor integrated circuits. Approximately 80 different micro-
processors are being made. Most of them are original designs including advanced features (eg:
analog-to-digital converters, multiply/divide, counter/timers, etc). Five different 16-bit micro-
processors are already in production. Furthermore, over a dozen personal computers/trainers are in
production to support a very strong interest in personal computers in Japan. Thus far only a few
units are available for export.

MOTOROLA ANNOUNCES 68000 DELIVERY AND PRICES: Motorola has announced that it expects
to start shipping limited sample quantities of its new 68000 16-bit microprocessor by the end of the
year. Single unit price will be $249. Limited production quantities are expected to be available by
the end of the 1lst quarter of 1980, with full production by late 1980. No second source arrangements
have been finalized.

75 MEGABYTE WINCHESTER DRIVE RUMORED: At least 6 companies exhibited 8-inch
Winchester-type drives at the recent NCC show. All of the drives could fit into the same space as an
8-inch floppy disk drive, and provided from 10 to 45 M bytes of storage. At least 8 companies will be
delivering these drives by the end of the year, and a 75 M byte version is expected next year. The
drive should sell for under $2000 in quantity.

PERSONAL COMPUTER MANUFACTURERS RANK WITH COMMERCIAL DATA PROCESSORS:
Datamation magazine, in their most recent annual report of the top 50 US companies in the data
processor industry, disclosed some interesting facts about changes in the computer industry. For the
1st time a personal computer manufacturer, Tandy, ranked among the top 50 in computer equipment
sales, and Commodore ranked second among fastest growing companies. Commodore had a 190%
increase in sales in 1 year, to $75M. Tandy(ranked 43rd)reported computer sales of $105M and total
company sales of $1,152M resulting in a net income of $76M. The company reported a sales gain of
only 11.6% (which is about equal to the rate of inflation, and hence could be considered 0 sales
growth). If Commodore continues to grow at its past year’s pace, it too will soon rank among the top
50. It was reported that 63% of Tandy's computer revenues were from TRS-80 sales, 26% from
peripherals, 10% from services and 1% from supplies.

Each data processing company in the top 50 reported sales increases, and most were 20% or
better. For example, IBM's sales rose almost 28%, while Digital Equipment Corporation’s sales rose
nearly 36%. In fact, none of the traditional maxi or mini makers appear to have been affected by
personal computers, despite the predictions that were made 2 and 3 years ago.

MAIL: I receive a large number of letters each month, as a result of this column. If you write to me
and wish a response, please include a stamped self-addressed envelope.

Sol Libes

ACGN]

1776 Raritan Rd
Scotch Plains NJ 07076
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Inexpensive Optical
Paper-Tape Reader

1 microprocessor + 8K BASIC tape
+4K Startrek tape +45 min=RUN

This was the terrible equation 1 had
to contend with every time 1 wanted
to play my favorite game program. It
would take me 30 minutes to load the
8 K BASIC paper tape. But not any
more|

The solution is a 400 character per
second paper-tape reader that can in-
terface to any 8-bit input port of
almost any microprocessor. It uses
only 2 integrated circuits and costs
approximately $15.

I had always wanted something
faster than my old reliable Teletype,
but I never seemed to have the $40 to
$100 that was needed to buy one of
the many available kits. I also
wondered why most of these kits re-
quired so many integrated circuits to
accomplish the simple task of latching
8 bits of data. There are 7 bits
(sometimes 8 bits) of parallel paper-
tape data spaced at regular intervals,
and a sprocket hole for strobing, in-
cluded at no extra cost. Why not
design a self-strobing, 8-bit data latch
using an inexpensive large scale in-
tegration (LSI) transistor-transistor
logic (TTL) integrated circuit, the
INTEL 82127

The Intel 8212 provides 8 bits of in-
put, 8 bits of output, strobe, clear,
and several device enable lines for
about $5. All I needed to do was to
optically sense the punched paper-
tape holes and strobe them into the
latch at every sprocket hole.
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Brian A Harron
67-3691 Albion Rd
Ottawa, Ontario
CANADA KIT 1P2

Although there are several ready-
made, 8-level, paper-tape-reader
photodiode assemblies available, I
decided to construct my own reader
assembly using individual photo-
transistors that I already possessed,
the Motorola type MRD150, which
are available at most wholesalers for

Photo 1: View of the paper-tape reader
showing the light source and the light-

detecting phototransistors. The spring
and clamp device keeps the paper tape in
place.

approximately $1 each. Their
miniature size is ideally suited to 0.1
inch (0.25 c¢m) spacing.

Using epoxy, 1 glued 9 of the
phototransistors into a 0.5 by 1 inch
(1.27 by 2.54 cm) piece of 0.100 inch
(.025 cm) perforated board The
photocell placed between positions 3
and 4 (as shown in figure 1) is
physically reversed so that the active
surface element of the cell is not in
line with the other 8 cells. This out-
of-line detector provides a physical
delay of the sprocket-hole signal
which will be signal-conditioned
later,

This cell begins to detect light
through the sprocket hole only after
all other data holes are fully centered
over their respective detectors. The
strobe pulse is now positioned close
to the center of the pulse from the
data holes, as shown in the wave-
forms of figure 2.

In order to make the strobe pulse as
insensitive as possible to the variation
in tape speed caused by moving the
tape by hand, the sprocket-hole
detector is amplified by transistor Q1
and is threshold-detected by ICla, a
7414 hex Schmitt trigger TTL gate
(see figure 3, p. 121). The output of
IC1a is then differentiated and level-
shifted by the capacitor and resistor
combination C1, R1, and R2 such
that the output of IC1b is fast and
clean even for very slow dark-to-light
transitions through the sprocket hole.

The additional gate sections IClc
and IC1d provide buffered outputs of
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the signals STROBE and STROBE ,
which will be used as sense input lines
to the 8-bit interface port.

The last 2 sections of the Schmitt
trigger are configured as a delayed
power-up signal that holds the
CLEAR input pin of the latch at

ground until the power
voltage has stabilized.

The DS1 and MD pins of the 8212
are grounded and the DS2 pin is pin-
ned to the supply voltage, thus plac-
ing the 8212 into the strobed latch
mode of operation. In this way the 8

supply

P9

STROBE

4

3

DIRECTION OF PULL

haa

Figure 1: Phototransistors in the paper-tape reader. Note the placement of cell between
bits 3 and 4. The active element is reversed in orientation.

DATA PULSE

STROBE PULSE

STROBE PULSE
AFTER CONDITIONING

Figure 2: The strobe pulse is centered in the active signal from the data holes.

UP: IN  port#
RAL

JNC UP
IN port #
RAL

JC DOWN
IN port#
RETURN

DOWN:

READ:

Listing 1: Simple 8080 assembly language program for inputting the data from the

paper-tape reader.
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; READ INPUT PORT

s SHIFT 1 BIT LEFT

; JUMP TO UP IF CARRY BIT NOT SET
; READ INPUT PORT AGAIN

i SHIFT 1 BIT LEFT

; JUMP TO DOWN IF CARRY BIT SET

. READ INPUT PORT DATA BYTE

; WITH 7 BITS OF DATA IN REG A

bits of data available to the input pins
DI-0 thru DI-7 are latched through to
the output pins DO-0 thru DO-7 by
each positive pulse at the STROBE
pin.

Since most paper-tape programs
used with today’s microprocessors
use only 7 bits of the 8-bit ASCII code
(bit 8 being vertical parity), it is con-
venient to use this 8th bit as the
strobe sense line. When connecting
the output pins of the latch to the pro-
cessor input port, simply select strobe
signal STROBE or STROBE and con-
nect it to the pin corresponding to bit
8.

The software required to read in
such data is shown in listing 1, where
bit 8 is the STROBE sense line. When
bit 8 goes through a low to high to
low cycle, the data at the input port is
valid.

If 8 bits of tape data are required, it
is necessary to connect the strobe
sense line to either another input port
pin or to some other monitor line,
such as an interrupt or serial input
line, which can be tested under soft-
ware control.

Mechanically, I used a piece of
0.100 inch (0.025 cm) aluminum sheet
bent into a U-shape, with an inside,
bottom width dimension of 1 inch
(2.54 cm). I used a small piece of clear
Plexiglas as a hold-down device for
the tape as it passed over the reader
photocells. Further improvements
can be added, such as a motor-
driven, pinch-roller pull-through, but
I have had no problems when pulling
the tape through by hand. As a mat-
ter of fact, I can stop pulling at any
time, since the strobe pulse is speed
insensitive. I plan to eventually add a
hand crank and a take-up reel to
avoid the great piles of tape that end
up on the floor after loading some of
my larger programs.

To generate the required illumina-
tion, I used an automotive lamp (type
211) mounted 3 inches (7.5 cm) above
the photocells. Running the lamp on
5 V provides a good, uniform source
of light, although it draws about 1 A
of current.

This entire project took only 3
evenings to design and construct, and
the $15 price tag was a bonus. If you
are still limited to 10 characters per
second with your Teletype reader,
you should seriously consider this
high-speed paper-tape reader.®m



INS14

+5V

{ > i1

i > BIT 2

"> aits

{>oeira

: > BITS

—{ > =176

[>eire

(

i > BITS8 )

s N
3 4 sy sy sy 4o
100K ch < < < < <
\ (8) FT TP 2R 3 14
ﬁ DS2 CLEAR
3 4
Koo " DI-O DO-0
@ 2oi-1 po-1 |2
7
@ DI-2 po-2 |
\ Ic2
8212
91o1-3 po-3 e
>—@ 6161-4 po-a 2
»-@ lor-s 00-5 7
@ 291o1-6 o-6 P2
@ 224 p1-7 po-7 |2
DSI MD  STROBE
MRDI50 7 > T
,  TYPICAL FOR 8
PHOTOTRANSISTORS
7
5 6
Q!
2N3904
MRDI50
ic | TYPe +5v | GND
2 | s212 24 12
1| 7414 14 7

TO INPUT PORT OF
PROCESSOR

9 8
STROBE

{ > STROBE

Figure 3: Schematic diagram of the paper-tape reader, which is capable of 400 characters per second.
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Book Reviews

Microcomputer-Based Design

Microcomputer-Based Design by
John B Peatman is a combination text

by John B Peatman and reference book aimed at
MecGraw-Hill Book Co, engineers who wish to learn how to
New York 1977 design systems using microprocessors.
540 pages hardcover It is written not in a dull, dry tone,
$26.95 but rather in a light style. The

minimum required background for
this text is a rudimentary knowledge
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SMOKE SIGNAL BROADCASTING
PRESENTS ...

THE SMOKE WRITER (VDB-1)

The SSB SMOKE WRITER incorporates the latest advances in electronic
technology to bring you and the S5-50 bus a truly unique video display board.
The SMOKE WRITER uses the MC6845 CRT Controller chip and provides
total control over the display format.

the SMOKE WRITER are:

oo $3
The standard features of
ws® “.0

80 x 24 display with 32 graphic ~ ® Reduced intensity or reversed

characters. Optional character video

generator ROM with 128 ASCII .

characters plus 128 graphic ® Programmable display rate (10 10

characters. 5000 character per second) equiva-
lent to 100 to 50K baud.

Upper and lower case characters

° ted fie
with lower case descenders. Protected fields.

e Addressable Cursor.
Programmable character set, a
total of 128 characters in a 2K o 2K video display RAM accessible
EPROM: a 256 character 4K by the CPU as standard RAM
EPROM is optional. Memory:

® IK EPROM for Software drivers. ® 128 Bytes of Scratch pad RAM.

If you have a need for a fast and dependable video display board. Smoke Signal
Broadeasting has what you are looking for. The SMOKE WRITER s right at
home when used with a cursor based editor or in a business program that needs
protected fields.

SMOKE, SIGHAL 7/ 57 BROADCASTING

31336 Via Colinas, Westlake Village, CA 91361, (213) 889.9340
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of logic (ie: transistor-transistor logic
gates and flip-flops) and the basic
concepts of computer programming.
The book develops hardware and
software design skills upward from
that point to a practical and useful
level. A key feature of this book is the
logical, lucid presentation of
arguments present in the many
illustrated design decisions.

Microcomputer-Based Design is
divided into 7 chapters and 6 appen-
dices. The chapters are fairly com-
plete, in-depth entities and each con-
tains a set of practical design pro-
blems and additional references. The
references may be difficult to find for
readers without access to an engineer-
ing library since many of the
references are articles in engineering
journals or manufacturers’ applica-
tion notes.

Chapter 1 is an overview of
microcomputer applications focusing
primarily on the distribution of “in-
telligence” to instruments and tools.

Chapter 2, “Microcomputer
Registers and Data Manipulation,”
includes a brief discussion of number-
ing systems and the various, com-
monly encountered modes of address-
ing. This is followed by a good
presentation of machine language in-
structions, assembly language, and
assembly language programming
techniques.

Chapter 3 considers computer
hardware organization. Several dif-
ferent philosophies of commercially
available microprocessor families are
described. The characteristics of
various logic families are considered
with an eye towards interconnection
compatibility. Bus structures and
their electronic implementation are
described in some detail. Flags, inter-
rupts, direct memory acess control
and programmable timers are also
described with examples.

Chapter 4 reviews the various
characteristics of memory com-
ponents and systems. Included are
sections on the implementation of
main power failure battery backup
systems and floppy disks.

Chapter 5 examines peripherals,
There are sections on input/output
control and handshaking, timing and
buffering. There are also discussions
of specific common microcomputer
peripherals: keyboards, photo-
transducers, circuit testers, analog-to-
digital and digital-to-analog con-
verters, pressure transducers, optical



HARDWARE FOR TRS-80"

[“IPertec Disk Drives FD-200

$375.00 ea.

These are 40-1:_.k Drives that are completely compatible
with the TRS-80%and Radio Shack Drives, 3.0 DOS included.
Will allow Turning Diskette over and Write on other side.

[_]4-Drive Cable for Pertec Drives
) DECwriter 111, 132 Character

is truly the nicest printer available. (30 day delivery)

[_1701 Centronics TRACTOR FEED
Bidirectional Printer

plug in and use. Shipped Freight COD.

$2500.00
110 to 9600 band EIA tractor feed keyboard printer. This

$1500.00
2% times as fast as the Radio Shack 779 Printer, has full
size 132 Char. Carriage Bell tone. Complete with Cable

[7]200 ns 16K Dynamic Memory Clips for Keyboard or Expan-

sion Interface, Lifetime Guarantee, complete

$110.00

Lifetime Guarantee. Complete with Instructions and Jumper

Blocks.
110 Key Numerical Keypad Kit
[ITRS-80% Level Il - 16k
I Expansion Interface
["1RS-232-C Interface

SOFTWARE BY ACS

[Mogiter No: 3 200l coiassnasinn i o £29.95
Complete Machine Language Monitor for TRS-80" features:
Find, EDIT, Relocate, Symholic Dump to Tape, etc.

|_|Monitor No. 4
All of the commands that reside in Monitor No. 3, plus:
AS5-232 1/0, Disk Program 1/0, Symbolic Dump to Disk for
Loading into Disk Editor/ASM., Track & Sec /O for
modification.

[CIPCLEND
Will Patch ASCII files of Basic Programs or text or DATA
FILES so that they may be loaded into the Disk Version of
the Electric Pencil for Editing purposes comes on Cassette
that will automatically create a Disk file of PCLEND.

[ IMAKE TAPE AND MAKE DISK
for Cassette Dealers
These are two programs that will allow you to take any type
of Program from Disk and store it on tape for mailing
purposes. When the user receives the program in the mail
on cassette, it i5 loaded into the computer which will
automatically make a Disk file of the program.

[_]CP/M & C BASIC for the TRS-80 ™
CP/M Includes: MOVCPM, STAT, PIP, Dump, DDT, ASM
(B080), ED, plus B user manuals.

$150.00
C Basic-2 Includes: XREF2, CBAS2, and manuals.

ORDER NOW AND SAVE ; CIBZLEVEL I BARIC T T L e e 08

Just list the items you want

and mail this convenient coupon.

ed
isa,
Order.
days to

Orders received by 6:00 p.m. shi
next day on Master Charge,
Certified Check or Mone

i
-~ Personal Checks require 1
clear, No C.0.D. Collect calls not

accepted. All Hardware warranted for 90 days
except Radio Shack equipment which is warrant-
ed through Radio Shack. Software guaranteed
for replacement only. Prices subject to change
without notice.

AUTOMATED
COMPUTER
SOFTWARE SERVICE

(615) 244-2798

& {lnmpu'ig?nlofﬂmld Inc.

625 Main Street » Nashville, TN 37206

|
|
|
|
|
|
I
|
|
|
|
]
|
I
!
I
|
|
|

[JTELCOM — Telecommunications for the TRS-80°%. $29.95
Telecommunications for the TRS-80%allows one TRS-80®
to communicate with another through the RS-232-C over
the phone line.

Send Check or Money Order payable to —

SOFTWARE + P.O. Box 60097 « Nashville, TN 37206

Quan. Description

Unit Price  Total

[]Check
[IMoney Order

[[] MasterCharge

[Visa

HANDLING CHARGE $1.50

TENN, RES. ADD 6% SALES TAX TOTAL

Name

Address

City

Gard'No.oo =

Exp.Date




WE ARE KNOWN FOR OUR PROMPT,
COURTEOUS SERVICE

TELETYPE MODEL 43

W 4320 AAA(TTLinterface) ..............coon. $985
W 4320 AAK (RS232interface) . .. ............... $1,085
with transformer to operate on 50Hz, 220v, installed
inside cabInet ..o sarses s add $50

We stock paper and ribbon for the Teletype Model 43

DEG LA3E o o i s i $1,259

KSR dot matrix printer. Provides variable line and charac-
ter spacing and variable width paper.

HAZELTINE 1500 (assembledonly) .. ............ sisggg
wnh 5de', 220V current adaptation ............. $100
also available with Danish, German or French character
SIS e e e T e T e A e R e add $60

INTERTUBESUPERBRAIN ................ $2,885

Dual Z80, dual floppy, double density, 64K RAM, 4Mhz
CPIM, FOHTF!AN COBOL, BASIC, Assembler Language
Contained in Intertube II.

INTERTUBEI ............................... $800

MARINCHIP SYSTEMS

M9900-CPU-S-100 COMPATIBLE.
Network operating system, PASCAL, Extended precision
commercial BASIC, FORTH, META & applications pack-
age. Complete kit and DISCEX software $550; Assembled
$700. We configure systems to meet your budget & your
needs. Hard Disk interface (with software) available.

IMS MEMORY, 16K Fully static, 250 ns ... ... $346
TEI S-100 Mainframes
T o B ¥ Y B L O SV S $433
P8I0t — MES 122 . . v vivviv v o aie e s s aisiiene v sins $609

These mainframes are completely assembled, tested and
contain everything required for plug-in operation.

TARBELL FIoH)py Disk Controller ............ $255

Other Tarbell products available.

KONAN HARD DISK CONTROLLER ....... $1,550
S-100 compatible, plugs into S-100 mainframe. Controls
1-4 disk drives.

FUJITSUHARDDISK ...................... $5,700
50 megabytes of unformatted data in a single, removable
cartridge.

IMS 5000 SERIES,

COMPLETEZBOSYSTEM .................. $2,170

2 11O ports, 1 K EPROM bootstrap loader, double density,
dual 5% " disks, S-100, 12 slot mainframe. A new rising
star! No waiting.

PER SCI FLOPPY DISK DRIVES

209DUALDISK,2S8Ided .......covievinaiin, $1,495
277 DUAL DISK, SingleSided . ............... $1,210
1170 CONTROLLER Single/Double Density .. ... $1,015
2142 CABINET & POWER SUPPLY for277 ... ... .. $300
2149 CABINET & POWER SUPPLY for289........ $390
MODEM: “THE CAT” from Novation ........ $190

Originate/Answer. 300 baud.

TO ORDER: We ship within 24 hours after receipt of certified
check, money order or cashiers check. Credit cards: add
4%. Personal checks: allow ten days. $12 shipping for ter-
minals. $3 for memories and modem. New York residents
include sales tax. Prices and availability subject to
change without notice.

We have no reader inquiry number. Please call or write.

souno. QWENS ASSOCIATES .

12 SCHUBERT STREET
STATEN ISLAND, NEW YORK 10305

DAY, EVENING, WEEKEND, HOLIDAY CALLS WELCOME!
(212) 448-6283 (212) 448-6298
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displays, relay drivers, syn-
chromotors and printers. Finally,
there are sections on universal asyn-
chronous receiver-transmitters
(UARTS), line drivers, the HPIB-IEEE
488 bus and self-test hardware.

Chapter 6 describes the various op-
tions that exist in hardware and soft-
ware development packages from
prototyping boards to disk-based
operating systems. There is also a
brief discussion of high-level
languages for microcomputers.

Chapter 7 describes in detail the
algorithms for solutions to several
common microcomputer software
problems. Algorithms are described
to read and to parse a functional
keyboard input, self-test routines and
number system conversion and
manipulations. Real-time program-
ming constraints are also considered.

The set of appendices describes the
characteristics of specific microcom-
puters. Each appendix covers the ar-
chitecture and organization of a par-
ticular processor integrated circuit.
The rest of the integrated circuit set
(memory, input/output, etc) is also
briefly covered. Appendices are in-
cluded on the 4004, F8, 8080, 6800,
COSMAC, and PPS-8 processors. It
is refreshing to see that these appen-
dices are more than just a reprinting
of the manufacturer’s specification
sheets,

On the negative side, there is a
disturbing absence of discussion of
any of the high-performance in-
tegrated circuits that were certainly
available when this book was
written, There is also inadequate
treatment given to bit-slice and
microprogramming techniques. Soft-
ware development by emulation is
also omitted. The balance is,
however, overwhelmingly positive.
This is a text which starts off quietly,
never grows dull, and yet contains a
great deal of substance, There are sec-
tions on using esoteric devices like
first in, first out stacks (FIFOs) that I
have previously never seen in a
design text.

It is a welcome development. I
recommend this book to advanced
experimenters, undergraduate
engineering students and practicing
engineers. l

Ira Rampil

2217 Cypress Way
Apt 15

Madison WI 53717



Now! A step-by-step approach to
making your £ B0 work for you!
This book features VO and addres-
sing techniques, Z 80 instruction
set and more! Exercises check your
Ercgless at each step,
odnay Zaks
Ref. C280,460pp...... $11.95

Circle 349 on inquiry card.

PROGRAMMIRIcAL; 1=

. el

Also available in this series:
Programming the 6502 . $11.95
6502 Applications Book, $12.95
6502 Games Book. ..... $12.95
ASK FOR COMPLETE CATALOG

' Z.80

TO ORDER:

By Phone: (415) B48-B233, Visa, MC, American
Express.

By Mall: Indicate quantity desired. Include
payment.

Shipping: Add $|.50 per book (UPS) or 75¢
{4th class - allow 4 weeh:

Tax: In Caiifornia, add tax,

SYBEX, INC.

Degt,
2020 Milvia Street,
Berkeley, California 94704
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) VECTOR
PACKAGING SYSTEMS
TIME & MONEY!

SAVE

New ANYDIP
BBO4, $21.95

8802-1, $21.95

S-100 CARDS
Five models available. Universal tinned buses, pads or
plain. 0.042 inch diameter holes on 0.1 inch grid for
mounting anything anywhere. For interface, memory,
breadboarding.

R681-2 RECEPTACLE FITS 8803 MOTHERBOARD
Model R681-1 has 0.062 inch long 0.025 inch square tails.

VECTOR R&81.2

TEFZEL* Insulation Wire Wrapplng Tools:

U.S. &
foreign patents__

® Up to 4X faster.
® Heavy insulation.
S P184-4T with NiCad
i A batteries, recharger, 100’
daisy-chain wraps of wire: $105.00.
P184 with 100 feet of wire, $30.00.

BEAUTIFUL VP2 ENCLOSURE—supplied completely

assembled for packaging.
S5-100 based systems. Clear
aluminum with blue vinyl
finished slide-off sides, top,
and perforated bottom cover;
heavy chassis plate,
removable front and real
panels, adjustable
connector/Motherboard
mounting struts, card

guides (plastic guides
supplied uninstalled).

VP2, $159.00. VP1,

cards mount perpendicular

to front, $163.00. BP17-9 accessory back panel, $10.95.

Low-noise model 8803 S-100 Motherboard not shown.
Eleven positions ready for connectors. Glass epoxy,
solder masked etched circuitry for passive and active
termination, twelve tantalum capacitors and
instructions. $29.50.

*DuPont i : - :
trademark Prices subject to change without notice.

Send for complete data. Packaging systems for other
card sizes and systems, rack mounting are available

VECTOR ELECTRONIC COMPANY, INC.
12460 Gladstone Avenue, Sylmar, CA 91342
telephone (213) 365-9661; TWX (910) 496-1539

ad number 6279

See us at WESCOW Booth 1216-18.
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Programming Ovickies

Day of Week and
Elapsed Time Programs

W B Agocs, Dept of Physical Sciences
Kutztown State College, Kutztown PA 19530

The day of the week, the number of elapsed days of a
year, and the number of days between 2 dates are infor-
mation that is required frequently in various types of
analyses.

The procedure to determine the day of the week uses
Zeller's congruence:

= {[2.6m-0.2] + K+ Y + [ﬂ + [—E] -2C} MOD 7

The term m is the month number minus 2. If the month
is January or February, m is 11 or 12 of the previous year.
K is the day of the month; C is the century, and Y is the
year of the century. The value of the square brackets is
defined as the integer part of the result of evaluating the
interior expression.

Day of Week From Date

The program is so written that corrections to month 11
or 12 of the previous year are made automatically if the
month is January (1), or February (2). The program is
shown in listing 1. Century selection could have been in-
corporated, but the program is designed for the 20th cen-
tury. Once the number of the day of the week is obtained
(with Sunday being day 1), the date and the day are
printed,

Matrix Elapsed Time Determination

The use of a 12 by 31 matrix seems to be the most
logical method for determining the elapsed days of a
year, the remaining days in a year, and the day interval
between 2 dates.

The program for such a determination is shown in
listing 2. The MAT A = CON statement in line 50 sets
each element of the matrix equal to 1. The subroutine in
statements 440 thru 540 enters Os into the matrix elements
which correspond to the months with less than 31 days,
and then fills the matrix elements with the date’s
numerical location in the year. Thus on return from the
subroutine, the days elapsed may be printed between
statements 180 and 190, or between statements 400 and
410 if desired. Leap year corrections are made at lines 270
and 440,

Finally, if the interval between the 2 dates is less than
or greater than a year (as determined by statement 100),
the correct year increment is made in statements 230 and
280.

The total time interval is determined in statement 180
or 410, and the result printed at statement 190.

Text continued on page 129



Bob admits he thought his computer
had reached the limit of its capabilities.
Then he discovered the BASIC Compiler
from Microsoft.

“It’s incredibly fast) he boasts. “Nothing
was as fast as my Microsoft BASIC inter-
preter—yet this new compiler is actually
3-10 times faster.

“And that’s not all;’ he beamed. “My
compiler has the same language features as
Microsoft 5.0 BASIC and runs in my 32K
CP/M system?’

Bob says, “When Microsoft comes out
with a new product, I know it’s got to be
good. And this BASIC Compiler is the
wizard I've been waiting for.

“At last, I can generate relocatable
machine language modules from my
Microsoft BASIC programs—machine
code that's highly optimized. And because
the Microsoft macro assembler and loader
come with the BASIC Compiler, BASIC
programs are easily linked to assembly
language subroutines or Microsoft

FORTRAN and COBOL programs.
Just like the pros!’ smiled Bob.

“What's more, the compiler generates
a fully symbolic listing of the machine
language that's generated —a great way for
me to learn assembly code on my own’

Bob believesin giving credit where credit
is due. “Microsoft turned my BASIC com-
puter into a genuis for $395, but I was
smart enough to recognize a good thing
immediately”’

[f you want to get the most out of your
computerand your BASIC programs, ask for
more information on the Microsoft BASIC
Compiler. We know you'll compliment your-
self on a very smart move.

10800 N.E. Eighth Suite 819
Bellevue, Washington 98004
206/455-8080 Telex 328945
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BISYNC - 80/3780

BRINGS IBM BINARY SYNCHRONOUS
COMMUNICATIONS CAPABILITY TO THE

8080, 8085, AND 280 MICROCOMPUTER
APPLICATIONS:

- DISTRIBUTED DATA PROCESSING
- REMOTE JOB ENTRY (RJE)

- CICS ACCESS

- BATCH DATA TRANSMISSION

IBM S/360 CPU
/JIBM $/370 CPU
7 |IBM 30xx CPU

£ IBM 2770,
£ __ —{ 2780, or 3780
s o e, Terminals
8080, 8eb Synchronous /-—' i
or Z80 with Madom —€ iwly
BISYNC-80/3780 ™ -~ Word
N Sl = -] Processing,
.S Point of Sale
N N Equipment
STANDARD FEATURES: i
i \\ Other
- FULL FUNCTION IBM 3780 EMULATION «| Microcomputers
+ 1200-9600 bps POINT-TO-POINT OR SWITCHED LINE With
- EBCDIC TRANSMISSION CODE WITH AUTOMATIC BISYNC-80/3780

TRANSLATION TO AND FROM ASCII
- SEND AND RECEIVE STANDARD DISK FILES
- RUNS WITH CP/M'M OPERATING SYSTEM
- AVAILABLE FOR S-100 AND TRS-80 SYSTEMS
+ USE WITH MOST 8251-BASED |/0 BOARDS
- REQUIRES NO INTERRUPTS

This professionally written and documented software can integrate your microcomputer into the
world of large scale data processing on |IBM compatible equipment. You can have the distributed
processing power of your microcomputer plus IBM terminal capability!

Price $295, includes documentation and software on CP/M diskette. Optional RJE Console
Support software - $95. Optional Printer Driver software - allows receiving data directly to
printer instead of diskette - $95. Synchronous 1/O board and all required cables - $345 for S-100;
$545 for TRS-80. Documentation - $15. Complete system packages available.

I'DL Micro-Jd Jne.

104 Morris Avenue - P.O. Box 335 Friendsville, MD 21531 - (301)746-5888
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Text continued from page 126:

The matrix procedure, with correction for appropriate
holidays, can be used in conjunction with stock market
studies when knowledge of the market day interval is
desired, or when determining if a particular date is a
market trading day.

Listing 1: BASIC program for determining the day of the week
from the date using Zeller's congruence.

0010 PRINT "ZELLER'S CONGRUENCE-DAY OF WEEK
FROM DATE."

0020 PRINT “WHAT IS THE DATE-MONTH, DAY, YEAR?"

0030 INPUT M,D,Y

0035 LETY1=Y

0037 LET M1=M

0040 IF (M= 1) OR (M=2) THEN 60

0050 GOTO 105

0060 IF M=1THEN 90

0070 LET M=12

0080 GOTO 100

0090 LET M=11

0100 LET Y = Y-1

0102 GOTO 110

0105 LET M=M-2

0110 LET D1 = INT(2.6+ M-.2) + D + (Y-1900) + INT((Y-1900)/4)

0115 LET D1=D1+ INT(19/4)-2.19

0120 LET D1 =D1-INT(D1/7)«7 + 1

0125 PRINT “D1=""D1

0130 ON D1 GOTO 140, 150, 160, 170, 180, 190, 200

0140 LET A1$=""SUNDAY"

0145 GOTO 210

0150 LET A1$=""MONDAY"

0155 GOTO 210

0160 LET A1$="TUESDAY"

0165 GOTO 210

0170 LET A1$="WEDNESDAY"

0175 GOTO 210

0180 LET A1$="THURSDAY"

0185 GOTO 210

0190 LET A1$="FRIDAY"

0195 GOTO 210

0200 LET A1$="SATURDAY"

0210 PRINT ""FOR ";M1;"/'":D;"/'";Y1;" IT IS ";A1$

0220 PRINT

0230 END

Listing 2: BASIC program for using a matrix to determine the
elapsed time between 2 dates,

0010 ETTNETS'_'MATHIX DETERMINATION OF DAYS BETWEEN

0020 PRINT “PROGRAMMED APRIL 15, 1979;W. B.
AGOCS."

0030 DIM A(12,31)

0040 DCL S(A()

0050 MAT A=CON

0060 PRINT "‘WHAT IS THE FIRST MONTH, DATE, YEAR?;
EXPRESS NUMERICALLY AS 11, 15, 1978."

0070 INPUT M1, D1, Y1

0080 PRINT ““WHAT IS THE NEXT MONTH, DATE, YEAR?"

0090 INPUT M2, D2, Y2

0100 IF Y2-Y1=0 THEN 120

0110 GOTO 220

0120 IF Y1/4-INT(Y1/4)=0 THEN 150

0130 GOSUB 450

0140 GOTO 160

0150 GOSUB 440

0160 LET S1=A(M1, D1)

0170 LET S2 =A(M2, D2)

0180 LET S3=52-51

0190 PRINT “INTERVAL BETWEEN ":M1;"/":D1;"/":Y1;

0195 PRINT " AND ':M2:"'1':D2;"/':Y2;"" IS ';

0200 PRINT S3:"" DAYS."

0210 GOTO 580

0220 LET S=0

0230 FOR I=Y1+1 TO Y2-1 STEP 1

0240 IF 1/4-INT(1/4) = 0 THEN 270

0250 LET S=5+365

0260 GOTO 280

0270 LET S=5+366

0280 NEXT |

0290 IF Y1/4-INT(Y1/4)=0 THEN 320

0300 GOSUB 450

0310 GOTO 350

0320 GOSUB 440

0330 LET S1=366-A(M1,D1)

0340 GOTO 360

0350 LET S1=365-A(M1,D1)

0360 IF Y2/4-INT(Y2/4)= 0 THEN 390

0370 GOSUB 450

0380 GOTO 400

0390 GOSUB 440

0400 LET S2 = A(M2,D2)

0410 LET S3=5+51+852

0420 GOTO 190

0430 REM SUB-ROUTINE

0440 LET A(2,29)=0

0450 LET A(2,30)=A(2,31)=A(4,31) = A(6,31) = A(9,31)
=A(11, 31)=0

0460 LETN=0

0470 FOR I=1TO 12 STEP 1

0480 FOR J=1TO 31 STEP 1

0490 IF A(l,J)=1 THEN 510

0500 GOTO 530

0510 LET N=N+ 1

0520 LET A(lJ)=N

0530 NEXT J

0540 NEXT |

0550 RETURN

0560 PRINT

0570 PRINT

0580 PRINT “THE END."

0590 END m

A Text Loader
Routine

Howard Berenbon
2681 Peterboro
W Bloomfield MI 48033

Here is a useful program for the Motorola 6800
microcomputer. This subroutine allows the loading of
ASCII text into the desired memory location directly
from your terminal. It uses the Motorola MIKBUG
monitor for character input and output. The subroutine
may be entered beginning at hexadecimal address A060.
To exit the program simply type a %.

Hexadecimal Hexadecimal

Address Code Mnemonic Comments

A0B0 86 3F LDAA #$ 3F Load A with ?

A0B2 BD EO 75 JSR CHAROQUT Output?

AO0B5 86 20 LDAA #$ 20 Load A with a space

A067 BD EO 75 JSR CHAROUT Output space

ADBA GE -= 0 = LDX #% __ _ Load index register with
desired address

A06D BD EO 78 JSR CHARIN Input character

&LOOP

AD70 A7 00 STAA $ 00:X  Store A indexed

A072 08 INX Increment index register

A073 81 25 CMPA #$ 25 Compare A with %

A075 26 F6 BNE &LOOP Get another character

A077 7E EOE3 JMP MIKBUG Return to MIKBUG m

September 1979 © BYTE Publications Inc 129



A Model of the Brain
for Robot Control

Part 4: Mechanisms of Choice

The essence of a hierarchy is that
control is top-down. The ultimate
choices are made at the top, and the
goals selected at this level are decom-
posed into action as they filter down

The ideas presented in this article repre-
sent the views of the author and not those
of the Department of Commerce or the
National Bureau of Standards.

James Albus
Project Manager
National Bureau of Standards
United States Dept of Commerce
Washington DC 20234

through the various levels of the
hierarchy. For the purposes of our
discussion, we will define the highest
level H function in the behavior-
generating hierarchy of the human
brain as the will,

For centuries philosophers and
theologians have debated the nature
of the will, particularly the question
of whether humans have “free” will
(ie: the freedom to choose goals) or

whether all choice is merely a reflex-
ive or predestined response to the en-
vironment. We shall not presume to
deal with this question here, other
than to suggest what types of inputs
are available to this highest level goal
selection module.

By definition much of the input to
the highest level behavior-generating
module must come from the highest
level sensory-processing module.
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Figure 1: An action (such as a person talking to a flower) may be recognized as either familiar or unfamiliar. If an action is noted as
familiar, then it can be considered unnoteworthy and will be ignored. If the action is considered deviant, further processing will take

place to determine reactions to the action.
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$3,995

Million-Character Computer System

One-Year Transferable Warranty

$3,995

SEE System 6684 Unique Standard Features

® CPU integrated into Diskette Cabinet with
peripheral ports in rear of cabinet
® 4 Full communications ports RS232 or 20
mA/60 mA CL; 75 to 19,200 bits/sec.

$4,995

I:ID/

SEE System 6784 Unique Standard Features

® CPU integrated into video terminal cabinet
with peripheral ports in rear
¢ Video has 16 programmable function keys,
128 high resolution characters with
graphics, numeric keypad, reversed video,
full editing, 24 x 80 display

Standard Features on All Systems

e Central Processing Unit with 12 slots; 2 MHz (ex-
pandable to 4MHz with pipelining architecture)

® 8 Free Slots for expansion; capacity for 442 368
characters of memory within standard chassis

® 49,152 characters of 200 ns random access memory;
150 ns memory optional

® 8 vectored interrupts; all input and output is interrupt
driven

e 1.2 million characters, double sided, dual B” diskettes,
IBM 3470 compatible

e Printer controller; Centronics compatible

® Magnum BASIC. Extremely fast business BASIC with
full editing capabilities, print using, sequential and random
files, integer and floating point arithmetic with up to 16
digits precision; N-dimensional matrices and much more
A superset of Microsoft 16K extended disk BASIC

e |nteractive conversational macro assembler and editor
for 6800 family microprocessors

® One-year transferable limited warranty on parts and
labor for all SEE hardware

e Guaranteed 24-hour turn-around time on repairs

Optional Features on All Systems

e Up to 64 interconnected, intelligent terminals with no
degradation of response time. Each is a stand alone CPU.
True distributed processing

® Expandable to 12 MB of 150 ns RAM for each terminal
e Up to 64 RS232 ports with full communications. Talks to
any peripheral or CPU with RS232 interface

e Expandable to 4 MB of diskette storage

® Up to 660 MB hard disk storage with removable modules
® ANSI standard 10.5 inch tapes (1600 BPI)

® 11 MB cartridge tape system

® Matrix and word processing printers from 55 CPS to
1400 LPM

e Choice of 6809 and/or 6512 CPU board with speed of up
to 4 MHZ with 150 ns memory

® Interactive relocatable macro assembler, development
system and DOS for 6502 and 6512 microprocessors. Can
assemble source programs up to 2 MB long

PASCAL compiler

® FORTRAN compiler

® BASIC compiler

® 6809 Macro Assembler

L]

L]

Powerful word processing software

Comprehensive business software, incl. General Ledger,
Accounts Receivable, Accounts Payable, Inventory, Pay-
roll, etc.

Quantity discounts to bona fide dealers, OEMS, and schools
Special configurations and modular shipment available
A few distributorships available in the United States and other countries

SYSTEMS ENGINEERING ENTERPRISES
1749 Rockville Pike, Rockville, Maryland 20852
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This is the level at which the overall
result of the entire sensory processing
operation is evaluated as being good
or bad, rewarding or punishing, satis-
fying or frustrating. In humans, this
function is performed by what are
commonly called the emotions, It has
long been recognized that emotions
play a crucial role in the selection of

About the Author

Dr James 5 Albus worked for NASA from
1957 to 1972 designing optical and electronic
subsystems for over 15 spacecraft, and for one
year managed the NASA Artificial Intelligence
Program. Since 1973 he has been with the
National Bureau of Standards where he has
received several awards for his work in
advanced computer control systems for in-
dustrial robots. He has written a survey article
on robot systems for Scientific American
(February 1976) and his Cerebellar Model
Arithmetic Computer won the Industrial
Research Magazine IR-100 Award as one of the
100 most significant new products of 1975. He
is also the author of People’s Capitalism: The
Economics of the Robot Revolution which is
published by New World Books, 4515 Saul Rd,
Kensington MD 20795.

behavior. We tend to practice that
which makes us feel comfortable and
avoid what we dislike. Our behavior-
generating hierarchy normally seeks
to prolong, intensify, or repeat those
behaviors which give us pleasure or
make us feel happy or contented. We
normally seek to terminate, diminish,
or avoid those behavior patterns
which cause us pain, or arouse fear or
disgust.

In the past 25 years it has become
known that the emotions are
generated in localized areas, or com-
puting centers, in the brain. For ex-
ample, the posterior hypothalamus
produces fear, the amygdala gen-
erates anger and rage, the insula com-
putes feelings of contentment, and the
septal regions produce joy and ela-
tion. The perifornical nucleus of the
hypothalamus produces punishing
pain, the septum pleasure, the
anterior hypothalamus sexual
arousal, and the pituitary computes
the body’s response to danger and
stress, These emotional centers, along

ASCII encoded keyboards
as low as $65*

The RCA VP-601 keyboard has a 58 key typewriter format for
alphanumeric entry. The VP-611 ($15 additional®) offers the same type-
writer format plus an additional 16 key calculator type keypad.

Both keyboards feature modern flexible membrane key switches with
contact life rated at greater than 5 million operations, plus two key

rollover circuitry.

A finger positioning overlay combined with light positive activation key
pressure gives good operator “feel”, and an on-board tone generator

gives aural key press feedback.

The unitized keyboard surface is spillproof and dustproof. This plus
the high noise immunity of CMOS circuitry makes the VP-601 and VP-611
particularly suited for use in hostile environments.

The keyboards operate from a single 5 volt, DC power supply, and
the buffered output is TTL compatible. For more information contact
RCA VIP Marketing, New Holland Avenue,
Lancaster, PA. Telephone (717) 291-5848.

*Optional user price. Dealer and OEM prices available.
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with many others, make up a com-
plex of about 53 regions linked
together by 35 major nerve bundles.
This entire network is called the lim-
bic system. Additional functions per-
formed in the limbic system are the
regulation of hunger and thirst per-
formed by the medial and lateral
hypothalamus, the control of body
rhythms such as sleep-awake cycles
performed by the pineal gland, and
the production of signals which con-
solidate (ie: make permanent) the
storage of sensory experiences in
memory performed by the hippo-
campus. This last function allows the
brain to be selective in its use of
memory by facilitating the permanent
storage of sensory experiences to
which the emotional evaluators
attach particular significance (eg:
close brushes with death, punishing
experiences, etc).

Input to the limbic system emo-
tional centers consists of highly pro-
cessed sensory-data such as the names
of recognized objects, events, rela-
tionships, and situations, such as the
recognition of success in goal achieve-
ment, the perception of praise or
hostility, or the recognition of
gestures of dominance or submission
transmitted by social peers. These in-
puts are accompanied by such modi-
fier variables as confidence factors
derived from the degree of correlation
between predicted and observed sen-
sory input.

Sensory processing at the level of
the emotions is heavily influenced by
contextual information derived from
internal models and expectations at
many different levels in the proces-
sing hierarchy. If a painful stimulus is
perceived as being associated with a
nonfear producing source, we may
attack the pain causing agent. If,
however, the perceived source of pain
also induces fear, we may flee.

Similarly if an observed event such
as a person talking to a flower is per-
ceived as deviant, then this input to
the emotions, along with other
recognized qualifier variables such as
the person is a) eccentric, b) retarded,
or c) dangerously psychotic, will
cause the emotions to output a)
amusement, b) pity, or c¢) fear,
respectively, Amusement input to the
behavioral goal selecting module may
lead to laughter, poking fun, or
ridicule. Pity input to the will may



WHEN THE FUN AND GAMES ARE OVER, /.. :houlant

have to gamble on your microcomputer’s ability to get down to business. You won’t
with Outpost 11. It’s a serious unit with quality components: Cherry, full ASCII key-
board; Seichell-Carison CRT, 24 x 80 characters, 7 x 9 dot matrix; inverse, grey, blink;
form generation characters; Shugart floppy disk drives; M6800 CPU; 32 k bytes RAM;
glass-epoxy PC boards, manufactured and tested to Mil Q 2858-A; entire unit 100-hour
burn in tested; IC’s tested to Mil P 883; I/0 interrupt prioritizing structure; soft-
sectored disk format; business BASIC; FLEX 2.0; TSC BASIC; self diagnostics; software
development packages; etc; ete; ete. All this and more at only $2,595,

suggested retail price. See Qutpost 11 at a dealer listed
or write us for the name of a dealer near you.
Corporation, 4301 Poche Court West,
New Orleans, La. 70129

THE SERIOUS MICROCOMPUTER

Dealers: ATLANTA, GA, Magaro and Associates — 404-252-6609, Professional Indexing — 404-
572-4177 « BEAVERTON, OR, DataTools International — 503-645-4604 * BEND, OR, Control Indus-
tries — 503-389-1969 » COOKEVILLE, TN, Cumberland Computers — 615-526-7651 » DADE CITY,
FL, Sabatelli Computer System Inc. — 904-567-7777 » DALLAS, TX, Eclectic Corp. — 214-358-1307
* DES MOINES, IA,H. AllenHanna — 515-283-5130 * ELK GROVE VILLAGE, IL, Kramer DataPower
Inc. — 312-894-0554 « GREENVILLE, SC, Plus Inc. — 803-242-9090 « HOUSTON, TX, Eclectic
Corp. — 713-228-7798 » IDAHO FALLS, ID, Great Plains Computer Co. — 208-529-3210 * LONG
BEACH, CA, CTI Data Systems Inc. — 213-426-7375 » MOBILE, AL, Railway Express — 205-661-8889
* NEWORLEANS, LA, TANO Corp. — 504-254-3500 « NEWTON CENTRE, MA, Daner-Hayes Inc. —
617-969-4650 » PARKER, CO, Western Marketing Assoc. — 303-841-2788 » SALT LAKE CITY, UT,
Home Computer Store — 801-484-6502 « SAN JOSE, CA, PBC Associates — 408-377-7001 »
SEAFORD, DE, Robert Underwood — 302-629-8438 = SEATTLE, WA, Empire Electronics — 206-
244-5200 « WALTHAM, MA, Computer Mart Inc. — 617-899-4540 » WESTFORD, MA, Thorstensen
Labs —617-692-2051 « ONTARIO, CANADA, Combined Systems — 416-549-2900 « GOUDHURST,
KENT, ENGLAND, Warren Woodfield Assoc. Ltd. — 05-803-590 « DEALER INQUIRIES INVITED —
504-254-3500. TWX 810-591-5229
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evoke a behavioral pattern of sym-
pathy. Fear may evoke an attempt to
secure medical or psychiatric treat-
ment, or incarceration.

If, however, a person talking to a
flower is recognized as perfectly nor-
mal, then the emotions will give no
indication that the event is particu-
larly worthy of attention, or that
there exists any need to deviate from
whatever behavior is presently being
executed. These relationships are
described graphically and symboli-
cally in figure 1.

In this model the standards of nor-
malcy and deviance are clearly in the
eye of the beholder, or at least in the
expectations and beliefs stored in the
processing-generating hierarchy. In
many ways the emotional evaluators
are even more dependent on internal
beliefs than externally observed facts.
This is particularly true in the case
where a person’s belief structure dis-
counts the reliability or moral worth
of the physical senses, as is
characteristic of philosophical con-
structs derived from gnosticism or
asceticism,

Thus the emotions, just as any
other sensory processing module in

the brain, simply compute a G func-
tion on the D vector that they input
to produce the Q vector that they
output. In simple creatures the emo-
tional output vector may be restricted
to a few components such as good-
bad, pleasure-pain, etc. In higher
forms the emotional output is a
highly multidimensional vector with
many faceted components such as
love, hate, jealousy, guilt, pride,
disgust, etc. Part of this Q output
may simply produce feelings (ie: joy,
sadness, excitement, fear, etc).
However, most of the Q output
directly or indirectly provides F input
to the highest level H function, the
will.

Output from the emotional centers
is known to be of two types: one con-
sists of signals on nerve fibers; the
other consists of hormones and
chemical transmitters which convey
their messages (Q vector values) via
fluid transport mechanisms.

What the G and H functions of the
emotions and will are, and where
they come from is a matter of hot
dispute. One recent theory proposed
by sociobiology is that they are gene-
tically determined, derived from in-

formation stored in the DNA
molecule, as the result of millions of
years of natural selection. This theory
argues that innate behavior-selecting
mechanisms have evolved so as to
maximize the Darwinian fitness (the
expected number of surviving off-
spring) of their possessors.

The incidence of behavior in many
different species from insects to birds
to mammals corresponds closely to
mathematical predictions derived
from genetics and game-theory
analyses of strategies for maximizing
the probability of gene propagation.
Even cooperative or altruistic
behavior such as that of the worker
bee, and ritualized behavior in animal
contests and courtship, can in many
cases be explained by genetic
arguments. However, the evidence
for this theory is much stronger for
insects than for higher forms, and the
opinion that human emotions are
transmitted genetically is not widely
held.

A competing theory put forward
by behaviorists is that in higher forms
the evaluator functions of the emo-
tion and the selector functions of the
will are mostly learned, perhaps even

List Our Price
CROMEMCO 20% DISCOUNT
System 111 5990 4792
System 11 3990 3192
System |l with 10 Meg Disk 9995 7996

NORTH STAR 16% DISCOUNT (or more)

Horizon | — 32K Ram asm 2099 1763

Horizon | — 16K Ram asm 1899 1595

Horizon | — 32K Ram kit 1849 1553

Horizon | to Horizon 2 450 378

32K Ram asm 659 525 with a plan to:
VECTOR GRAPHICS 20% DISCOUNT

Vector MZ-2 (630K disk) 48K Ram 3750 3000

Soroc 10120 995 790 robot workers
Perkin Elmer Bantam CRT 996 750

Intertube || 995 750

Integral Data IP125 799 699

Escon Selectric Interface 496 422

NEC 5510 RO Word Processor Printer 2900 2450

Professional A/r, A/p, Ledger, Payroll, Medical Billing soft-
ware with customization available. Send for our catalog —

Some prices are too low to quote.

SARA TECH
COMPUTERS
P.O. Box 692
400 Base
Venice, FL
33595
(813)485-3559

PEOPLES’ CAPITALISM
The Economics of the

ROBOT REVOLUTION

JAMES S. ALBUS

Jeffersonian democracy applied to the
Second Industrial Revolution

An exciting new economic philosophy

® Avoid conflict between human and

® Create an everyman's aristocracy
based on robot labor

® Increase productivity and cure in-
flation

® Bring affluence into harmony with
ecology

After reading it you will no longer be
sure that Utopia is beyond our grasp.

Now available from
NEW WORLD BOOKS
4515 Saul Road, Kensington, MD 20795

by

%$4.75 delivered
softcover
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The InterTube |l Video Display Terminal
is truly representative of the latest
state-of-the-art advances in
microprocessor technology. Its basic
teletypewriter compatability

combined with its numerous *‘smart”
terminal features satisfy the universal
requirement for a low-cost, high
performance video terminal.

You get everything you need. An upper
and lower case character set displayed on
a sharp 8 X 10 dot matrix. A full 24 line
by 80 character screen. A status line
displayed in reverse video. A complete
ASCI| keyboard with an 18-key

numeric pad.

You get full cursor addressing,
automatic repeat of all keys and
individual backspace and shiftlock keys.
Plus, a graphics mode for easy design
and display of all types of forms. And
an RS-232 serial printer port.

And you get everything your operators

need to make their jobs a pleasure. A

hooded display that cuts glare and gives
INTERTEC'S extra privacy. A wide bandwidth monitor

for sharp images everywhere on the screen.

Below-the-line character descenders to

make reading easier. A programmable

white-on-black or black-on-white display

and a self-test mode for easy maintainability.
()]

You get high powered text editing with
VIDEO DISPLAY TERMINAL such features as character and line
insert/delete, full and/or partial block
transmit, programmable end-of-line
terminators, and protected fields. All
ATTENTION OEM’s and DEALERS: standard! And all for a retail price you
Your customers request InterTube won't believe . . . only $995. Incredible!
terminals for one simple reason. They
outperform the competition so well
that it's foolish to consider any
other terminal. Add to that InterTube's
rugged design which insures you of
the reliability that brings customers
back. And modular design engineering
that makes service a snap!

But best of all, the InterTube is
readily available. Just a quick call and
you’ll have units in stock,
Immediately! And our scheduled
delivery program will help you keep
them in stock.

Good margins, good service, good
delivery. Simple? You bet it is!
InterTube Il dealerships and OEM
agreements are now available in many
areas. Contact us today and start selling
from stock tomorrow!

INTERTEC
DATA
SYSIEMS.

Corporate Headquarters: 2300 Broad River Road @ Columbia, South Carolina 29210 ® 803 / 798-9100 @ TWX: 810-666-2115
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imprinted, during the early years of
development. Certainly many of the
emotional evaluations and behavior
selection rules in the human brain are
culturally determined, derived from
religious teachings defining good and
evil, or from social conventions
defining duty, fairness, etiquette, and
legality. These fundamental rules of
opinion and behavior are instilled in
the young by parents, educators, and
religious and state authorities. They
are reinforced throughout life by peer
group pressure, as well as by church
and civil sanctions.

There are, of course, many persons
who would disagree with both of
these theories, Perhaps the most
widespread opinion (which until
recent years was virtually unchal-
lenged) is that the human will and its
emotional evaluator inputs are non-
mechanistic in nature and therefore
unknowable in some fundamental
sense. Many would even claim that
emotions and will are subject to, or
controlled by, spiritual and super-
natural forces. For example, the doc-
trine of original sin states that the
highest level behavior selecting
mechanism, the human will, is

basically defective because of the
disobedience of Adam and Eve, and
except for divine intervention is
under the power of evil or satanic
forces. The literature surrounding the
age old controversy over free will
versus predestination centers largely
on the role of the Divinity (or the
stars, or fates) in the determination of
human behavior. Most cultures view
the conscience (ie: the emotional
evaluator for right and wrong or
good and evil) as a divine gift or
manifestation of the indwelling of the
spirit of God.

Clearly the emotions and will are a
very basic (some would say prim-
itive) and compelling part of our
behavioral mechanism. Carl Sagan
calls them the Dragons of Eden.
Humans are often driven, sometimes
beyond rational justification, to
heroic feats of courage or physical
endurance by the behavior rules of
duty or the emotions of love, pride,
guilt, jealousy, and hate.

Whatever their origins, the G func-
tions of our emotions and the H func-
tions of the will can be modeled.
They are rule based, and the rules
are, for the most part, clearly defin-

ed. In many cases these rules are even
written down as systems of moral
philosophy, ethics, or rules of social
behavior such as Emily Post's Book of
Etiquette.

Nothing so complex need be
modeled for the highest level G and H
modules of a robot for many years.
Nevertheless, every robot needs some
sort of highest level evaluator and
goal selector function in order to ex-
hibit any sort of autonomous be-
havior, At what point in the spectrum
of multidimensional sophistication
we choose to dignify an evaluator
function with the term emotion, or
goal selection function with the term
will, is not clear. What is clear is that
simple approximations to the func-
tions computed by the emotions and
the will can be moduled by CMAC G
and H functions operating on input
vectors and computing output vec-
tors. The degree of sophistication and
complexity of the modeling is limited
only by the ingenuity and resources
of the modeler,

The interdependency of the pro-
cessing and generating hierarchies
suggests at least 3 distinct modes of
operation.

Simultaneous Equations!!!
dimension arrays!!!
arrays in mid-program.

move arrays.

sorted arrays!!!
Includes forced end-of-page

professional packages.

Combine programs with renum
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Over 30 BASIC commands including:
oo Matrix Read, Inverse, Transpose, and ldentity.

oo Add, Subtract, or Multiply Scalars, Vectors, or Multi-
oo Dynamically Reshape, Expand, Delete Arrays, Change
oo Copy array elements, set arrays to scalar, zero arrays,

©0 Tape array read and write including string arrays.

FOR $29.95 more get the ¢ BUSINESS PACKAGE ¢

©0 Eliminate round-off error!! Multiple precision packed
decimal arithmetic. 127-digit max. accuracy

co Binary search or sorted arrays. Insert new elements in

oo Automatic page headings, footings, and pagination.

oo Automatic hash for record rétrieual!! And more for your

©0 INFINITE BASIC co.

RELOCATABLE MODULES FORTHE TRS LEVEL Il AND DOS SYSTEMS
LOAD ANY OR ALL MODULES. FOR $49.95 THE CORE PACKAGE INCLUDES:
l o2 MATRIX PACKAGE o0

or lower case.

COMMAND PROCESSOR ‘COMPROC’ for $19.95 (DOS only)

Extend DOS-AUTO command to perform multiple steps either at power-up or as a user command
Execute a script consisting of a sequence of commands or data from a BASIC command file.

REMODEL + PROLOAD for $34.95 (Specify 16, 32, or 48K version)
REnumber any section of a program, MOve program segments, DElete program lines.
er and merge. Load or save any portion of program from tape.

DISK SORT PROGRAM ‘DOSORT’ for $34.95 (Specify 32 or 48K, minimum 2 disk system)

SORT/MERGE multi-diskette sequential files. Multiple variables and keys.
Includes machine language in-memory sorts, comparators and string handling.

COPY SYSTEM TAPES with ‘COPSYS’ for $14.95 (Non-DOS)

oo STRING PACKAGE oo
Over 40 BASIC commands including:
co Left and right justify, truncate, rotate. Text justification.
String centering.
oo Delete or insert substring, Pack strings, Convert to upper

oo Translate characters, Reverse strings, Verify function,
Number of occurrences.

oo Masked string searches for simple or array variables.
Encrypt or decrypt strings.

©0 Compress/uncompress character string arrays to 6 bits or
less per character.

o0 AND the famous RACET machine language SORTS. Multi-
key multivariable and string. Sort 1000 elements in 9 sec!!

FUTURE ¢ ADD-ON PACKAGES %° will include
00 STATISTICS oo INPUT/OUTPUT o¢ GRAPHICS co
Attn: TRS Add-On OEM's: We can support your special

hardware add-ons with direct BASIC commands.

System Houses: We license System House usage of
o0 INFINITE BASIC co modules.

Check, VISA, M/C C.0.D.
Calif. residents add 6%

Telephone Orders Accepted
(714) 637-5016

WHEN ORDERING PLEASE
ADVISE PUBLICATION SOURCE

E- RACET coweures 3

702 Palmdale, Orange CA 92665
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100 to 139 Off the TRS-80
Computers!

You can believe a product is tops, when
more than 100,000 owners have chosen it

— : over its competition! That overwhelming
g;g{ gg?wm - acceptance has dropped production costs,
1001 CHSH OV and allowed us to make TRS-80 an even
better value.

$100 Off! 4K Level I

This is the ideal beginner's computer system. Qur
manual makes learning programming in Level I
BASIC a snap. Easily upgrades to Level II or more

memory at any time. 26-1051 *
Was $599 in 1979 Catalog $499

T TR I8
Pttt

T
- E1E DOCPENT  GRHERAN )
mﬁm SELECTION *

'\ $139 Off! 16K Level II

Level II BASIC is one of the most powerful
microcomputer programming languages.
Level II TRS-80 systems can be expanded to
include printers, disk storage

%
and much more. 26-1056
Was $988 in 1979 Catalog $849

(I'RS-BO Line Printer II

Now —for hundreds of dollars less than you'd expect
to pay — you can add line printer utility and
convenience to your Level II TRS-80 system. This top
quality impact-type printer doesn't require special
paper — you can use inexpensive rolls (available at
Radio Shack), continuous forms (original and up to
two carbons) or single sheets. The 7x7 dot