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COMPUTERS TAPE SYSTEMS MEMORY — 4K, 8K, 16K & 32K
TERMINALS DISK SYSTEMS PROGRAMMABLE REAL TIME CLOCK
PRINTERS GRAPHICS CALCULATOR INTERFACE
SOFTWARE

PROM PROGRAMMER A -D CONVERTER

Write, or circle our reader reply number for a catalog describing our complete line of computer hardware
and software.

NOW AVAILABLE IN BOTH KIT AND ASSEMBLED FORM.

SOUTHWEST TECHNICAL PRODUCTS CORPORATION
m 219 W. RHAPSODY

SAN ANTONIO, TEXAS 78216
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Now we can announce it-
the multi-disk drive
System Three Computer

A fast 280 microcomputer with up to 512 kilo-
bytes of RAM, 4 disk drives and 1 megabyte
of disk storage — with CRT terminal and fast
printer. Even an optional PROM programmer.
Strong software support, too, like FORTRAN
IV, Extended BASIC, and Macro Assembler.

PROFESSIONAL GRADE—
FOR PROFESSIONALS

Chances are you've already heard
that there is a Cromemco System
Three Computer. We’ve proudly pre-
viewed it at WESCON on the West
Coast and NYPC on the East Coast.

But you also know Cromemco. We
don’t announce until we're ready to
ship.

Now we’re ready.

And what a computer we've got
for you.

It does it all.

It's a complete system—processor,
CRT terminal, line printer.

First it's fast—1 microsecond nom-
inal execution time and 250 nano-
second cycle time.

Its equally fast RAM memory is
large and enormously expandable—
32 kilobytes expandable to 512 kilo-
bytes. No danger ot obsolescence
from inadequate RAM capacity.

G Cromemco

Circle 34 on inquiry card.

THE ONLY MICROCOMPUTER
OFFERING 4 DISK DRIVES

Further, the System Three comes
with two disk drives to give you 512
kilobytes of disk storage. Soft-
sectored IBM format. Optionally, you
can have four drives with 1 mega-
byte of storage.

There’s disk protection, too, since
in the LOCK position disks can’t be
ejected while they are running.

21-SLOT MOTHERBOARD

This new CS-3 is a computer that
won't be outdated soon. It has a 21-
card-slot slide-out motherboard and
an 5-100 bus so that you can plug in
all sorts of support circuitry. The
heavy-duty 30-amp power supply can
easily handle all this.

BROAD S-100 SUPPORT

The S-100 is the bus that Cro-
memco so strongly supports with
over a dozen plug-in circuits ranging

from analog 1/0O to high-speed RAM
memory with our bank-select feature,

TRULY POWERFUL SOFTWARE

You have to have software. And
Cromemco is far in front there, too.
Our FORTRAN {V, for example, is
equal to the FORTRAN compilers
on large mainframes. Further, it (and
our other software) is low-priced.

Our 16K Z80 BASIC is one of the
fastest and most capable. Full 14-
digit precision.

There’s also our Z80 Macro As-
sembler and Linking Loader. Uses
Z80 mnemonics. Allows referencing
FORTRAN common biocks.

CRT TERMINAL AND PRINTER

The CS-3 terminal has 80-character
lines and a 24-line page with line
and page editing.

Note the separate numeric keypad
and cursor keypad.

The printer is fast—180 characters
per second; 132-column lines.

SEE AT YOUR DEALER

You have to see the CS-3 to fully
appreciate it and its low prices start-
ing at $5990 in the rack mount ver-
sion.

See it at your local dealer shown
on the other side of this page. He
has a demo to show you.

He also has brochures giving you
details.

You know the CS-3 is going to be
a sensation.

Better contact your dealer now.

see next
page
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MORE ABOUT THE SYSTEM THREE...

-

For office situations new System
Three can be provided with walnut
floor cabinet. Metal bench cabinet
also available. Unit is normally
rack-mount style.

System Three front panel swings
open and 21-slot motherboard/
card cage slides forward for easy
insertion of extra circuit boards.

Retainer bar secures circuit cards
firmly in sockets.

Optional panel PROM program-
mer has two sockets to facilitate
duplicating PROM content.

SEE YOUR LOCAL
SYSTEM THREE DEALER

PHOENIX, AZ
BYTE SHOP OF ARIZONA
24 West Camelback

°
LITTLE ROCK, AR
COMPUTER PRODUCTS UNLTD.
2412 So. Broadway

°
CARSON, CA
SUNSHINE COMPUTER CO.
20710 S. Leapwood Ave.

°

CITRUS HEIGHTS, CA
BYTE SHOP OF SACRAMENTO
6041 Greenback Ln.

°

LOOMIS, CA
KINGMONT ENTERPRISES INC.
9900 King Road
°
SAN MATEO, CA
COMPUTER TERMINAL
309 So. San Mateo Drive
®
SUNNYVALE, CA
RECREATIONAL COMPUTERS
1324 South Mary
°
VAN NUYS, CA
COMPUTER COMPONENTS
5848 Sepuiveda Blvd.
L]
ATLANTA, GA
ATLANTA COMPUTER MART
5091-8 Buford Hwy.
L]
HAIKU, MAUL, Hi
CAPACITY, INC.
P.O. Box A
L]
HONOLULU, NI
COMPACT COMPUTERS
P.O. Box 10096
L]
KAILUA, OAIU, HI
MICROCOMPUTER ENTERPRISES
741 Kumakahi Pl
L]
SCHAUMBURG, L
DATA DOMAIN
16712 E. Algonguin Road
®

BLOOMINGTON, IN
DATA DOMAIN
406 So. College Avenue

°
FORT WAYNE, IN
DATA DOMAIN
2805 E. Siate Blwd.

°
PIKESVILLE, MD
MODULAR SYSTEMS, INC.
4005 Seven Mile Lane

[
ROCKVILLE, MD
COMPUTER WORKSHOP
1776 East jefferson

L]

BURLINGTON, MA
THE COMPUTER STORE
120 Cambridge Street

EDINA, MN
COMPUTER DEPOT
3515 W. 70th St.
.
ISELIN,N)
COMPUTER MART OF NEW JERSEY
501 Route #27
°
EGGERTSVILLE, NY
CORSON COMPUTER CORP.
3834 Main Street
°
HOLLIS, NY
SYNCHRO SOUND ENTERPRISES
193-25 Jamaica Ave.
°
CINCINNATI, OH
DATA DOMAIN
7694 Camargo Rd.
°

DAYTON, OH
DATA DOMAIN
1932 Brown St.
°
COLUMBIA, SC
BYTE SHOP OF COLUMBIA
2018 Green Street
L ]
NASHVILLE, TN
SURYA CORP.
5755 Nolensville Rd.
°
CORPUS CHRISTI, TX
MICRO SYSTEMS SERVICES, INC.
5301 Everhart, Space H
°
DALLAS, TX
COMPUSHOP
211 Keystone Pk, 13933 North Central
®
HOUSTON, TX
ELECTROTEX
2300 Richmond Ave.
[
HOUSTON, TX
MICROCOMPUTER ORIGIN STORE
1853 Richmond Ave.
[
MADISON, Wi
THE MADISON COMPUTER STORE
1863 Monroe St.
.

HUNTINGDON, CAMBS, ENGLAND
COMART LTD
39 Gordon Rd.-Little Paxton
.
WEDEL (HOLSTEIN}, GERMANY

DIGITRONIC COMPUTER SYSTEM GmbH

Bei der Doppeleiche 3.5

o
STOCKHOLM, SWEDEN
DATORISENING KONSULT AB
Fack 2, 10052

.
ZURICH, SWITZERLAND
COMICRO AG

Badenerstrasse 281

i n ¢ o v p o r a t e d
Specialists in computers and peripherals
2400 CHARI.LESTON RID., MOUNTAIN VIEW, CA 94043 e (415) 964-7400
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About the Cover. ..

This month, Robert Tinney has
created an oil painting on the theme of
“Organs of Computers.” Two articles
in this issue concern the prospect of
using a personal computer system for
the editing and playing of music using
pipe organs under electronic control, a
prospect which is emphasized by the
typical small system in place of the
organist. A grand pipe organ facade
and red carpet emphasize the regal
nature of this king of instruments —
with its new servant the small com-
puter.

The Soloworks lab at the University
of Pittsburgh has been conducting
experiments with computers for some
time. One of their areas of interest
is computer music. Jeffrey Lederer,
Tom Dwyer and Margot Critchfield
of that organization describe their
experiments with pipe organs and a
new high level music language called
MUSIC in A Two Computer Music
System. Page 8

The Apple I is one of several ex-
amples of fully assembled “appliance”
computers available coast to coast off
the shelf in computer stores. Read
An Apple to Byte for a user’s rea-
tions to this product, and an example
of a simple “color sketchpad™ appli-
cation implemented on the Apple 1l.

Page 18
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In This BUTE

If you don’t know your Rauschep-
feife from your Holtzregal, perhaps
The Microcomputer and the Pipe
Organ by Jef Raskin can help. The
article introduces readers to pipe organ
technology and gives valuable advice
to the enterprising experimenter who
wants to experiment with programmed
passacaglias on a Grossemischung.

Page 56

The study of biological neural com-
puters is an important input to
thought and design of robotic systems.
This issue contains Ernest W Kent's
third article in a series on The Brains
of Men and Machines. This install-
ment, How the Brain Analyzes Input,
gives essential background information
on the organization and operation of
sensory processing in the nervous
systems of mammals such as man.

Page 74

Would you like to do your own
EROM programming, but don’t know
how to begin? Read Steve Ciarcia's
Program Your Next EROM in BASIC.
You'll find an inexpensive circuit for
programming and erasing these useful
devices. Page 84

We have seen advance publicity
and claims about the PET 2001 by
Commodore for some time now.
In this issue, Dan Fylstra reports
on the realities of The PET 2001
which arrived at his door October 11
1977. Page 114

In part 2 of his 3 part series on
CIE Net: A Design for a Network of
Community Information Exchanges,
Mike Wilber presents the detailed pro-
tocols designed for various types of
messages between users and between
intelligent nodes of the network itself.

Page 152

Readers of the January 1978 BYTE
may recall Dark Horse, one of the
computer program contenders for the
World Computer Chess Championship.
This month, Peter jennings’ Micro-
chess program makes a valiant effort
to beat the favorite in Microchess 1.5
versus Dark Horse. Page 166

Have you ever thought you might
like to Take a Course in Micropro-
gramming? Richard Mac Millan gives
his reactions upon taking such a course
from the Wintek Corporation. His
information may help you decide if
the course you think you might like to
take is just what you had in mind.

Page 168

A really useful microcomputer
should be able to control the environ-
ment around it. To do this it must be
capable of controlling electronic de-
vices which are not TTL compatible.
Hank Olson describes several ways of
doing this in Controlling the Real
World. Page 174

A mass storage system is essential
to the truly usable personal computer.
One option for obtaining mass storage
is presented in this issue by Phil
Hughes’ article Interfacing the Sykes
OEM Floppy Disk Kit to a Personal
Computer. Page 178

With the cost of microprocessors
so low, the barriers to a multiprocessor
capability go down. Rather than
adding a memory region to your
system, why not consider the concept
of adding a combined memory and
microprocessor subsystem. With an
appropriate multiport memory region
and control logic, Ken R Castleman’s
The Intelligent Memory Block is a very
real possibility for the homebrewer
with higher thruput as a goal. Page 186
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Editorisl

by Carl Helmers

Don’t Ignore the High End

. . .or My Search for Manuscript Editing Paradise

In this issue, we have included the first
two of four users’ reviews of fully assembled
and tested self-contained computers. The
selection criterion is that the “typical user”
(in two cases Dan Fylstra, one case Dennis
Barbour, and one case myself) was able to
purchase an off-the-shelf computer of the
low end “‘appliance’’ variety. These machines
represent a significant technological achieve-
ment in the form of a fairly inexpensive
computer with a high level language (BASIC)
and limited mass storage facility in the form
of audio or modified audio cassette tape. In
their class of price and performance circa
December 1 1977, these “appliance” com-
puters represent perhaps the ultimate we
have seen to date.

As time goes on, I'll update the ultimate,
but that is not my purpose in this essay.

There is a utilitarian class of personal com-
puter products which | have used most in
my homebrew system. | refer of course to
the high end of performance in small com-
puter systems, the system with perhaps 16 K
to 32 K memory, single or dual full size
floppy disks, terminal device, and all the
accoutrements of what we used to know as
“minicomputers’’ but now within the price
range of the family that can afford an $8000
car. My attention was turned to this class
of machine recently when | began shopping
around for some equipment and software
to automate several aspects of the manu-
script preparation process which | and my
associates in the editorial department per-
form daily at BYTE.

Continued on page 136
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Photo 1.

Turtles are coming. In mid November
1977, Dan Hillis of the LOGO project at
Massachusetts [nstitute of Technology called
BYTE and posed one of those questions
which have only one answer. “Would readers
of BYTE magazine be interested in an
inexpensive kit version of the famous LOGO
project turtle robots?”’ Dan outlined on the
phone the idea of a kit with a target price of
$250, and suggested that | take a trip to the
MIT Al (artificial intelligence) Laboratory
to take a look at his prototypes. | was
delighted to accept the invitation, which
included a heady tour of some of the pro-
jects at the Al laboratory and the Archi-

tecture Machine project’s advanced color
video display technology.

The turtle is not yet ready for market,
but it is getting close, as can be seen by
photo 1 which | took while lying prone on
the floor of the laboratory as Dan put the
prototype through its paces. The idea is to
produce a rugged and childproof motion
output device with tail drag plotting capa-
bilities provided by a ball point pen con-
trolled by solenoid. In the past turtle robots
have proved to be excellent devices for
teaching children programming concepts,
both in simulations on screens, and as
mechanically mobile output peripherals.
The intent is to make the new turtle pro-
duct virtually indestructible with Lexan
plastic housing and wheels, and rugged
mechanical and electronic innards. Dan
demonstrated some of this indestructibility
with a prototype sans housing by dropping
it from a height of about two meters onto
the carpeted floor of the laboratory.

Of course a turtle is not all hardware, so
versions of the LOGO language adapted
to personal computer architectures will be
required. Dan and his associates (all quite
young) at MIT have formed a company
which intends to introduce turtles much
more formally sometime in early 1978.
We’ll expect to keep readers informed of
this exciting prospect as it develops and
gets closer to production.s



THE EQUINOX SYSTEM

When you put it together, it's really together. *

Some people build personal computers for the love of building. The Equinox System ™

is for people who build for the love of computing.

You put it together. And it's really together.

The Equinox 100™ mainframe combines the 8080A CPU with a front panel program-
ming station featuring ultra-convenient octal keyboard and digital LED readout.

There are low-cost 4K and 8K memories. All your interfacing comes in one kit. Even
EQU/ATE ™and BASIC-EQ ™ languages on easy-loading cassettes.

It's all together now. It's all S-100 compatible. And it's upward-compatible with new
Equinox ™ equipment, software and systems coming in the months ahead.

See the Equinox System ™ at your local computer shop. Call toll-free to 800-648-5311 “
(BAC/MC accepted). Or write Equin ivision, Parasitic Engineering, P.O. Box 6314,
Albany. California 94706. ;IE -NO STEM™ All together now.
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A Two Computer Music System

Photo 1: The authors’ overall system with graphics terminal on the left and
the disk drive and two computers on top of the organ console. The wooden
pipes at top right are the flute rank, the metal pipes are a viola rank. The stop
tablets for selecting ranks and harmonics can be seen just above the top
keyboard.
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The music system described here started
out a few years ago as a project in the
Soloworks Lab. The idea was to put together
a “manipulable” system that allowed stu-
dents to work with the powerful mathemati-
cal idea of synthesis. We felt that mathematics
and science students should be able to
experience firsthand what could be done by
superimposing components that worked
together to synthesize some bigger concept.

Real, full-blown professional music
seemed like an ideal metaphor for working
with this “‘superimposition’ principle. It's
easy for a student to see that a musical
performance is really a multitude of small,
discrete events working in perfect synchro-
nism. But it’s even easier to sense that the
resultant whole is greater than the sum of
its parts. In fact, the “whole” can be a
human experience of quite thrilling pro-
portions.

The system that evolved has met this goal
very well. Students of varied backgrounds
are able (and motivated) to work patiently
with complex scores, making the final per-
formance a proof of the power of the princi-
ple of superimposition.

But a funny thing happened on the way
to this goal. The total system began to look
more and more like a “micro” computer
science curriculum. The documentation that
evolved began to contain much of the jargon
that permeates computing, but this seemed
to be easier to take when interpreted in terms
of the friendlier worlds of music and art.

In writing this condensed description of
the system, we therefore decided to leave
the jargon in. Our purpose is to not only
describe the music system but to suggest
that interesting new approaches to teaching
computer science might be developed along
similar lines. There is equally good promise
for teaching computer science subject matter
in terms of visual art. Abstract games are
another fruitful area. It’s probably no coinci-
dence that all these examples illustrate the
kind of computing most people would call
“fun.” There's undoubtedly a deep educa-
tional lesson lurking here, but that's another
subject.



Why a Pipe Organ?

In addition to the hardware, there are Jeffrey H Lederer
The system described here is general three software packages. The first is a Tom Dwyer
enough to apply to a variety of musical graphics music editor that allows a com- Margot Critchfield
instruments. It was implemented with a poser to ‘‘draw” his score on a graphics Project Solo
small pipe organ because this illustrates display terminal. The editor converts the SR G LG T )
the general kind of performance ensemble graphic representation of the score into Pittsburgh PA 16260
used by composers who write orchestral a MUSIC language program. The program
works. A pipe organ has several sets of pipes may also be created and edited using a stan-
called ranks, each set having a distinctive dard text editor, in which case an alphanu-
tonal characteristic called timbre. The ranks meric terminal can be used. Either type of
are selected by pressing switches called stop editor is run on the master system. The
tablets, so that an organist is able to control MUSIC language programs can be saved on a
an entire ‘‘orchestra’” of sounds by using diskette as files.
different stop settings. Further, since most Before a MUSIC language program can be
pipe organs have several keyboards (often played, it must be “compiled.” Our compiler
including one for the feet), the ranks can be is a program that accepts MUSIC language
played independently. Thus both chorded programs as input, and outputs an annotated
(several notes played simultaneously) and listing of the MUSIC language program along
contrapuntal (independent melody lines with error messages and an ‘“‘object” pro-
played simultaneously) music can be played gram. The object program consists of instruc-

on one or more keyboards.
The organ is also the original “‘synthetic
music’’ instrument. This is because a per-

former can add harmonics to fundamental 10 . S —
tones by pressing suitable stop tablets. When TERMINALS (ALTAIR 8800) STORAGE
the stop tablet marked “8 foot flute' is I

pressed, one gets flutelike sounds, in the

normal register (where A=440 Hz). (The Ll

phrase “8 foot’ comes from the fact that I
the largest pipe in the rank is eight feet high.)

But when the stop marked *‘4 foot flute’ is (sluaAT\éEL%%Mg;nsn
pressed, everything sounds an octave higher.
If both stops are activated, we then have

H H H H 128 TTL
a sound rich in second harmonics. Tradi- SUTPUTS
tional organs have stops labeled "8 foot,”

“4 foot,” “2 2/3 foot,” ‘2 foot,” etc.
However, the stop settings in the computer
system described here are software generated,
so any harmonic can be specified (of course
there are only a finite number of pipes
available for playing these harmonics).

TTL TO POWER INTERFACE

PIPE (OR KEYBOARD)

Overview of the System SOLENOIDS
The Music System uses two microcompu-
ters (an Altair 8800b system and an Intellec
8/MOD 80), a small pipe organ, and a
Magnavox plasma display graphics terminal. Figure 1: Hardware components of the authors’ computerized organ music
Figure 1 shows how these components are system. This design requires one TTL output line for each pipe to be

interconnected. controlled.

BYTE March 1978 9



Photo 2: A set of solenoids used to automatically
play the keys. Since this setup plays the keys directly,
it could be easily adapted to any standard keyboard
instrument including harpsichord and piano.

tions which are easily interpreted by the
slave computer. The compiler runs on the
master computer.

The object program is ‘“played” using
both computers. First, the object program
is transferred from the master to the slave
computer. The slave computer executes
the object program in order to drive the
pipe organ. A pair of programs (one on

each computer) controls the transfer of
the object program and its execution.

Figure 2 shows the relationship between
software components.

COMPOSER
System Hardware
I I The slave microcomputer is an Intellec
I I 8/MOD 80 with 8 K bytes of programmable
memory, 2 K bytes of read only memory
» SEARMICS A s containing a system monitor program,
256 bytes of programmable read only
E J memory that contains the second perfor-
. mance program, 16 latching output ports,
and a serial bidirectional 10 port. Each
latching port is eight bits wide, with each
EDITOR bit dedicated. to controlling a pipe valve
of the organ. Thus, 16 X 8 = 128 pipes
I can be controlled. The interface between
each pipe and its controlling port is a Darling-
mJ:'GCUAGE ton switching transistor connected as shown
SOURCE in figure 3.
AL The master computer is an Altair 8800b
I with 60 K bytes of memory, two diskette
drives and two serial ports. One serial port
CoMPILER s is used as the console line and is connected
WiTH ERROR to a Magnavox plasma graphics terminal.
This terminal has a plasma display with 512
I by 512 dots. A character generator is used to
display 32 lines of 64 characters; the charac-
oBuECT ters can be either a set of standard ASCII
characters or a user loaded set {musical
| symbols in our case). The terminal has a
vector generator and dot addressability.
MASTER Sections of the screen can be selectively
P e MANCE erased and written. The graphics terminal
is optional, and there is no reason why
I other lower cost graphics displays couldn’t
CID————— 2400 8Ps LINE be used if appropriate changes in software
| were made. The Intecolor 8001 might be
SLAVE particularly appropriate since different colors
PERFORMANCE could be u§ed to distinguish voices in poly-
phonic music.
I The second serial line connects the Altair
to the Intellec over a 2400 bps current loop.
Figure 2: Software block PIPE A special interface had to be built to isolate
diagram of the computer Sl the two active current loops. The schematic
organ music system. is shown in figure 4.
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TARBELL SETS STANDARDS
For Hobbyists and Systems Developers

Sales to thousands of hobbyists over the past two years have proven the Tarbell Cassette
Interface to be a microcomputer industry standard. Tarbell Electronics continues research and
development to produce new and efficient components to fill hobbyists’ changing needs.

TARBELL
CASSETTE INTERFACE

Plugs directly into your IMSAl or ALTAIR®

Fastest transfer rate: 187 (standard) to 540 bytes/second
Extremely Reliable—Phase encoded (self-clocking)

4 Extra Status Lines, 4 Extra Control Lines

37-page manual included

Device Code Selectable by DIP-switch

Capable of Generating Kansas City tapes also

No modification required on audio cassette recorder
Complete kit $120, Assembled $175, Manual $4

TARBELL FLOPPY DISC lNTERFAC

e Plugs directly into your IMSAI or
ALTAIR® and handles up to 4
standard single drives in daisy-
chain.

e QOperates at standard 250K bits
per second on normal disc format
capacity of 243K bytes.

e Works with modified CP/M
Operating System and BASIC-E
Compiler.

e Hardware includes 4 extra IC
slots, built-in phantom bootstrap
and on-board crystal clock. Uses
WD 1771 LSI Chip.

® 6-month warranty and extensive

d ion.
. P;Clg;:emat'o" Compatible Disc Drives
Kit $190 ...... Assembled $265 Ask about our disc drives priced as low as $525.

* Gold plated edge pins

® Takes 33 14-pin ICs or

¢ Mix 40-pin, 18-pin, 16-pin and
14-pin ICs

¢ Location for 5 volt regulator

¢ Suitable for solder and wire wrap

e ALTAIR/IMSAI compatible
Price: $28.00

TARBELL
PROTOTYPE
BOARD

Model 1010

For fast, off the shelf delivery, all Tarbell Electronics products may be purchased from computer store dealers
across the country. Or write Tarbell Electronics direct for complete information.
*ALTAIR is a trademark/tradename of MITS, Inc.

,f, ) 20620 South Leapwood Avenue, Suite P
Carson, California 90746

S (213) 538-4251
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Figure 3: Interface between an organ pipe solenoid and a computer output
bit. One such circuit is needed for each pipe to be controlled in this design.
The solenoid in each pipe opens a valve that admits air to the pipe.
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Figure 4: Interface used to isolate the two 2400 bps active current loops
which send information back and forth between the master and slave
computers.
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MUSIC Language

MUSIC is a high level music notation
language that uses the standard 64 charac-
ter*ASCII character set. A MUSIC language
program consists of one or more statements;
each statement is a single line in length (see
figure 5 and listing 1).

There are three types of statements in
this language: command, data, and comment
statements. Comment statements, which
begin with two asterisks, may be placed
anywhere in the program; they are ignored
by the compiler.

The command statements consist of a
single asterisk followed by the command
mnemonic and the command’s parameters.
The commands in this language are divided
into three categories: delimiter commands,
repeat commands, and context commands.

The delimiter commands separate mea-
sures (BAR), parts of measures (CHANGE),
and mark the end of the last measure of the
program (END). The parameters of the first
two commands, when used, set a temporary
time signature for a measure.

The repeat commands control the repeti-
tion of sections of the score. The limits of
a repeated section are bracketed by HEAD
and TAIL commands. When necessary, each
separate ending of a repeated section starts

with an ENDING command, and sections of
a score between SIGN commands can be
skipped the second time through a repeated
section. Repeated sections can be nested
within each other.

The context commands are used to
change the condition under which the notes
of the program are compiled. These com-
mands set the key signature (KEY), time
signature (TIME) and metronome setting
with or without accelerandos and ritards
(TEMPO). A special context command
(STOPS) controls the number of voices
allowed in each measure and the stop
(timbre) settings for each voice.

The notes for a MUSIC language program
are placed in the data statements. Each data
statement consists of one or more events;
each event is separated from the previous
event by a semicolon. An event is a note,
chord, glissando, tremolo or rest. The notes
can be played with different articulations
(staccato, legato, or normal). [See the
glossary at the end of this article.] Each data
statement contains the events to be per-
formed by one voice during a single measure
or fraction of a measure.

A normal measure of music consists of
a starting BAR command followed by zero
or more context commands and one data
statement for each active voice. When a
context change occurs inside a measure,
the form of that measure is slightly different.
In this case the measure starts with a BAR
command, zero of more context commands
and one data statement for each voice. These
data statements contain those events that
occur before the context change. Following
the data statements is a CHANGE command,
one or more context commands and one
data statement for each voice. These latter
data statements contain the events that
occur after the context change. Repeat
commands may be intermixed with the
context commands of a measure.

The voices in each measure are performed
concurrently. Each voice is assigned a group
of stop settings. Each stop setting takes a
note, displaces it a set amount of tones,
and assigns that new pitch to a given rank
of pipes. Multiple stop settings for a voice
will generate multiple pitches for each note
in an event. These pitches are played simul-
taneously. The number of voices and their
stop settings are controlled by the STOPS
command.

This all sounds pretty complicated, but
new users quickly get proficient with the
language. Having all the features of musical
notation available has proven to be well worth
the extra complexity.

Continued on page 48




Your experience
with personal computers
1S going to open
an unlimited career at TI.

TI isinto personal computers
in a big way, and that means a
ground floor opportunity is
going to be open for you, the
personal computing innovator.
You’ll be joining the undis-
puted world leader in creating
new products and markets for
consumer electronics with the
company that invented the
calculator on a chip. And it’s all
going to happen in TI’s new
Management and Technology
Center for Consumer Products
in Lubbock, Texas. Located in
the high, dry, and cool plains
of West Texas, Lubbock is
about halfway between Dallas
and Albuquerque. It is the

home of Texas Tech University.

You are just a few hours’ drive
from skiing in Taos, or touring
and shopping in Juarez,
Mexico.

Make your career opportuni-
ties in the following areas:

Personal Computer
Product Marketing Manager
Responsible for establishing
distribution channels for
personal computer products,
developing advertising and
sales promotion programs,
training, quoting and providing
market requirements for new
products and software.
Requires BS in EE, math,
physies or Computer Science.
MBA preferred. Minimum of
5 years’ experience in con-
sumer sales or marketing
related to desk programmable
calculators, minicomputer

systems, microcomputer
systems, or small business
systems.

Systems Programmers
Outstanding opportunities —
design, code, integrate and
debug operating system
modules, including device
service routines, self-test
diagnostics, and system utili-
ties. Requires BSEE or Com-
puter Science plus minimum of
3 years in assembly program-
ming with some high level
language experience.

Digital Design Engineers
Opportunity to design and
develop digital subsystems for

major new products. Projects
will require design-to-cost
discipline with internal and
external component vendors,
vendors of peripheral devices
and making trade-offs of hard-
ware and software. Requires
BSEE with 2 years’ experience.
Prefer experience in design of
bubble and/or flexible disk
computer memory subsystems.

Product Design Engineer
Responsibility for mechani-
cal design on major new per-
sonal computer products.
Interface with electrical design
engineers, software develop-
ment personnel, marketing,
purchasing, planning and all
areas involved in taking a
product from concept through
initial production. Requires
BSME with a minimum of

3 years’ experience in design
or closely related field.
Knowledge of plastic tooling
preferred.

Application Software Specialist
Total responsibility for
development of complete appli-
cation packages for specific
business sectors and profes-
sionals. Specifications, design,
coding, program check-out and
documentation for personal
computer systems. Requires
BA or BS in math or Computer
Science or BBA with data pro-
cessing major with 2-3 years’
experience. Program in high
level language on mini, micro,
or business computer systems.

Marketing Support Engineers
Project responsibility for
futureproduct service direction
concerning existing as well as
future products. Develop and
maintain total service program
for personal computer systems
and field testing/check-out.
Requires BSEE or equivalent
with at least 3 years’ experi-
ence with programmable desk
calculators, minicomputer sys-
tems, microcomputer systems,
small business systems,
or product service
management. o

Send your resume in
confidence to: Bill Toomey/
P. 0. Box 10508, M.S. 5807,
Dept. B/ Lubbock, TX 79408.

TEXAS INSTRUMENTS

Circle 126 on inquiry card.
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NETWORKING WITH TELEPHONES?

Dave Caulkins’ Personal Computer
Network (PCNET), in September 1977
BYTE, sounds like a great idea, for those
who live in the Palo Alto CA area; but
until PCNET goes national or semi-
national there is a method available (on a
smaller scale) to computer users right
now: Northwestern Bell’s Direct Dial
Conferencing. Using DDC, up to six
computers can exchange data using
standard Touch-Tone telephones and
modems. For complete instructions
and to see if DDC is available in your
area contact your local Northwestern
Bel! business office. There is only one
problem with using DDC, it costs $.50
per minute. That can add up to quite a
lot in a short amount of time, if you're
not careful!

Another way to do the same thing at
a fraction of the cost is by using another
gadget that Ma Bell provides, Three Way
Calling. You can get Three Way Calling
(if it's available in your area) simply by
asking for it and paying about $2.50 per
month additional on your phone bill.
With Three Way Calling you and two
friends can exchange data without a
costly per minute charge. The number of
computers you can interface together
might be increased by the use of Three
Way Calling by more than one of the
persons involved. | have not had the
opportunity to try this, so | can't
guarantee anything. Perhaps there is no
limit to how far you can go.

Steve Hughes
4410 Douglas Av S
Golden Valley MN 55416

BACKLIGHTING V1A PHOTOCOPY

With all of the comments that | have
seen about the advantages of using back-
lighting for reading PAPERBYTES, .it
is rather suprising that | have not seen
the following suggestion for accom-
plishing it without wasting magazine
space: let those readers who wish to use
the backlighting method photocopy the
appropriate pages. The photocopies
could then be read by backlighting as
they would only be printed on one side.
Obviously, though, the photocopies
would have to be of the highest quality.
From what | have seen of the coin oper-
ated machines and home type machines,
they would not be of sufficient quality,
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but that obtained at copying centers
probably would be.

| will admit that | have not tried this
idea, primarily because my system is not
yet operational. However, | think it is
an idea well worth trying.

Clark Jones
225 Pennsylvania NE Apt H
Albuquerque NM 87108

Fred Merkowitz of Micro-Scan
Associates, Natick MA, reports that his
front side scanner works just fine with
photocopies of bar codes, sometimes
tried through several generations of
recopying just to see what would hap-
pen. Backlighting is just not needed with
an appropriate scanner.

COMMENTS ON PROGRAMMING
AND DESIGN STYLE

| would like to thank David A
Higgins for his article “Structured Pro-
gram Design” (October 1977 BYTE,
page 146); however, | found that his
presentation lacked clarity. There are
a large number of reasons why ‘top-
down’’ structured programming became
popular. | feel that Mr Higgins has mis-
applied his design technique, in the
same way he feels top-down program-
ming was misapplied to design.

The Warnier-Orr diagrams approach
to design should, | feel, be followed
(and augmented) by the top-down
approach to programming. What happens
when a design technique is applied
directly to coding is shown clearly by
Mr Higgins' own programming example!
He claims that the resultant code is easy
to read and undérstand. | stipulate that
this is only true if the programmer
working on it has the original Warnier-
Orr diagram it was coded from. This
same argument applies to his next two
points as well. A program is easy to
change and maintain only if the program
logic flow is immediately evident. If we
were to draw lines between all of Mr
Higgins’ GOSUBs and their destinations,
we would end up with another bowi of
cold spaghetti! Again, the documen-
tation he has consists mainly of a title
remark at the head of each subroutine,
which serves only to relate each sub-
routine to a bracket in the Warnier-Orr
diagram.

Continued on page 128

Your

Sol dealer
hasit.

AZ: Tempe: Byte Shop, 813 N. Scottsdale,
(602)894-1129; Phoenix: Byte Shop, 12654 N.
28th, (602)942-7300; Tucson: Byte Shop, 2612
E. Broadway, (602)327-4579. CA: Berkeley:
Byte Shop, 1514 University, (415)845-6366; Citrus
Heights: Byte Shop, 6041 Greenback, (916)
961-2983; Costa Mesa: Computer Center, 1913
Harbor, (714)646-0221; Hayward: Byte

Shop, 1122 "B" St., (415)537-2983; Lawndale:
Byte Shop. 16508 Hawthorne, (213)371-2421;
Orange: Computer Mart, 633-B W. Katella, (714)
633-1222; Pasadena: Byte Shop, 496 S. Lake,
(213)684-3311; Sacramento: Micro-Computer
Application Systems, 2322 Capitol, {916)
443-4944; San Francisco: Byte Shop, 321 Pacific,
(415)421-8686; San Jose: Byte Shop, 2626
Union, (408)377-4685; San Rafael: Byte Shop,
509 Francisco, (415)457-9311; Tarzana: Byte
Shop, 18423 Ventura, (213)343-3919; Walnut
Creek: Byte Shop, 2989 N. Main, (415)933-6252.
CO: Boulder: Byte Shop, 3101 Walnut, {303)
449-6233. FL: Ft. Lauderdale: Byte Shop, 1044
E. Oakland Pk., (305)561-2983; Miami: Byte
Shop, 7825 Bird, (305)264-2983; Tampa:
Microcomputer Systems, 144 So. Dale Mabry,
(813)879-4301. GA: Atlanta: Computer Mart,
5091-B Buford, (404)455-0647. IL: Champaign:
Computer Co., 318 N, Neil, (217)359-5883;
Numbers Racket, 623% S. Wright, (217)352-5435;
Evanston: itty bitty machine co, 1322 Chicago,
(312)328-6800; Lombard: itty bitty machine co.
42 W. Roosevelt, (312)620-5808. IN:
Bloomington: Data Domain, 406 S. College, (812)
334-3607; Indianapolis: Data Domain, 7027

N. Michigan, (317)251-3139. 1A: Davenport:
Computer Store, 4128 Brady, (319)386-3330.
KY: Louisville: Data Domain, 3028 Hunsinger,
(502)456-5242. MI: Ann Arbor: Computer
Store, 310 E. Washington, (313)995-7616; Troy:
General Computer Store, 2011 Livernois, (313)
362-0022. MN: Minneapolis: Computer Depot,
3515 W. 70th, (612)927-5601. NJ: Hoboken:
Computer Works, 20 Hudson Pl., (201)420-1644;
Iselin: Computer Mart, 501 Rt. 27, (201)283-0600.
NY: New York: Computer Mart, 118 Madison,
(212)686-7923; White Plains: Computer Corner,
200 Hamilton, (914)949-3282. NC: Raleigh:
ROMs 'N' RAMs, Crabtree Valley Mall, (919)
781-0003. OH: Columbus: Byte Shop, 2432
Chester, (614)486-7761; Dayton: Computer
Mart, 2665 S. Dixie, (513)296-1248. OR:
Beaverton: Byte Shop, 3482 SW Cedar Hills,
(503)644-2686; Eugene: Real Oregon Computer
Co., 205 W. 10th, (503)484-1040; Portland:

Byte Shop, 2033 SW 4th Ave., (503)223-3496.
RI: Warwick: Computer Power, M24 Airport Mall,
1800 Post Rd., (401)738-4477. SC: Columbia:
Byte Shop, 2018 Green, (803)771-7824. TN:
Kingsport: Microproducts & Systems, 2307 E.
Center, (615)245-8081. TX: Arlington:
Computer Port, 926 N. Collins, (817)469-1502;
Houston: Computertex, 2300 Richmond,
(713)526-3456; Interactive Computers, 7646%
Dashwood, (713)772-5257; Lubbock:
Neighborhood Computer Store, 4902-34th St.,
(806)797-1468; Richardson: Micro Store,

634 So. Central Expwy., (214)231-1096. VA:
McLean: Computer Systems Store, 1984

Chain Bridge, (703)821-8333; Virginia Beach:
Home Computer Center, 2927 Va. Beach

Blvd., (804)340-1977. WA: Bellevue: Byte Shop,
14701 NE 20th, (206)746-0651; Seattle: Retail
Computer Store, 410 NE 72nd. (206)524-4101.
WI: Madison: Computer Store, 1863 Monroe,
(608)255-5552; Milwaukee: Computer Store,
6916 W. North, (414)259-9140. D.C.:
Georgetown Computer Store, 3286 M St. NW,
(203)362-2127. CANADA: Ottawa, Ont:
Trintronics, 160 Elgin, (613)236-7767; Toronto,
Ont: Computer Mart, 1543 Bayview, (416)
484-9708; First Canadian Computer Store, 44
Eglinton Ave. W, (416)482-8080; Computer
Place, 186 Queen St. W, (416)598-0262;
Vancouver, B.C.: Basic Computer Group, 1438
E. 8th, (604)736-7474; Pacific Computer

Store, 4509 Rupert, (604)438-3282.

ProcessorTechnology
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In this magazine. alone. there are probably a dozen
ads for small computers. New companies are breaking
ground like spring flowers.
How, then, do you determine which computer offers the
features you need most...at the price you can afford?
We'd like to propose seven basic questions to help you
make an intelligent decision.

How complete is the
computer system?

Many buyers of small computers are in for a rude
awakening when they have to spend additional money
for interfaces.
The Sol-20 Terminal Computer was the first complete
small computer system. Everything you need to make
it work is included in the basic package.

Is powerful system
software available?

It won't do if your system is “tongue-tied”’

Processor Technology Corporation has devoted
more effort to the development of software than any other
small computer maker. Our latest offering is the first
fully implemented disk operating system for a small
computer: PTDOS. It contains over 40 major commands,
several languages and numerous utilities. Our high
level languages include Extended BASIC, Assembler.
FORTRAN¥ FOCAL and PILOT*

Is the system easy
to expand?

More and more computer owners are
expanding their small computers to handle business and
other specialized requirements.

The largest Sol system can handle 64K bytes of RAM
memory and operate with a three megabyte on-line
disk memory. Sol systems use the S-100 Bus. So you can
use a wide variety of hardware.

*Available soon.

Processor

Circle 98 on inquiry card.

Seven points

to consider
before

M| you buy your
& small computer.

Is the computer
well-engineered?

Our Sol systems are the most conservatively
rated and ruggedly built in the industry, period. In
addition we designed them with you, the user, in mind;
Sols are easy to build and a joy to operate.

Does it have proven
° reliability?

What is the track record? There are over
5,000 Sol systems in the field. Our track record for reliable
performance is unparalleled in the small computer field.

Does it have good
. factory support?

A computer is a complex piece of hardware.
So you want to be sure it is backed up with complete
manuals, drawings and a factory support team that cares.
Processor Technology offers the most extensive
documentation of any small computer manufacturer. And
we maintain a patient, competent telephone staff to
answer your questions.

Are maintenance and
service people accessible?
. Where are they located?

Processor Technology has maintenance and service
people in over 50 cities around the U.S.

As you continue turning the pages, see how we stack up
to the other computers in this magazine. If we've
succeeded in whetting your appetite, see your Sol dealer
or write for information on the complete family of
Sol computers.

Processor Technology Corporation, Box B,

7100 Johnson Industrial Drive, Pleasanton, CA 94566.
(415) 829-2600.
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Introducing Apple I1.




The home computer thats ready
to work, play and grow with you.

Clear the kitchen table. Bring in the color
T.V. Plug in your new Apple II} and connect
any standard cassette recorder/player. Now
you're ready for an evening of discovery in
the new world of personal computers.

Only Apple II makes it that easy. It's a
complete, ready to use computer—not a kit.
At $1298, it includes features you won't find
on other personal computers costing twice as

much.

Features such as video graphicsin 15 colors.
And a built-in memory capacity of 8K bytes
ROM and 4K bytes RAM —with room for lots
more. But you don’t even need to know a
RAM from a ROM to use and enjoy Apple II.
It's the first personal computer with a fast
version of BASIC—the English-like pro-
gramming language — permanently built in.
That means you can begin running your
Applell the first evening, entering yourown
instructions and watching them work, even if
you've had no previous computer experience.
The familiar ty pewriter-style keyboard
makes communication easy. And your pro-
grams and data can be stored on (and re-
trieved from) audio cassettes, using the built-
in cassette interface, so you can swap with
other Apple Il users.This and other peri-
pherals —optional equipment on most per-
sonal computers, at hundreds of dollars extra
cost—are built into Apple II. And it’s
designed to keep up with changing technol-

ogy, to expand easily whenever you need it to.

As an educational tool, Apple I is a sound
investment. You can program it to tutor your
children in most
any subject, such
as spelling,

history or math. But the biggest benefit—no
matter fiow you use Apple II—is that you and
your family increase your familiarity with the
computer itself. The more you experiment
with it, the more you discover about its
potential.

Start by playing PONG. Then invent your
own games using the input keyboard, game
paddles and built-in speaker. As you experi-
ment you’ll acquire new programming skills
which will open up new ways to use your
Apple II. You'll learn to “paint” dazzling color
displays using the unique color graphics com-
mands in Apple BASIC, and write programs

to create beautiful kaleidoscopic designs.

As you master Apple BASIC, you'll
be able to organize, index and
store data on household fi-
nances, income tax,
recipes, and record col-
lections. You can learn to
chart your biorhythms,
balance your checking ac-
count, even control your home
environment. Apple Il will go as
far as your imagination can take it.

Best of all, Apple Il is designed to grow
with you. As your skill and experience with
computing increase, you may want to add
new Apple peripherals. For example, a re-
fined, more sophisticated BASIC language is
being developed for advanced scientific and
mathematical
applications.

And in addi-
tion to the
built-in
audio, video
e and game
i interfaces,
= : there’s
room for
eight plug-in
options such as a prototyping hoard for ex-
perimenting with interfaces to other equip-
ment; a serial board for connecting teletype,
printer and other terminals; a parallel inter-
face for communicating with a printer or
another computer; an EPROM board for stor-
ing programs permanently; and a modem
board communications interface, or a floppy
disk interface with software and complete
operating system. And there are many more
options to come, because Apple Il was
designed from the beginning to accommo-
date increased power and capability as your
requirements change.

If you'd like to see for yourself
how easy it is to use and enjoy
Apple I, visit your local dealer for a
demonstration and a copy of our
detailed brochure. Or write Apple

+
it
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Apple II™ is a completely self-contained
computer system with BASIC in ROM,
color graphics, ASCII keyboard, light-
weight, efficient switching power supply
and molded case. It is supplied with
BASIC in ROM, up to 48K bytes of
RAM, and with cassette tape, video and
game I/0 interfaces buiit-in. Also in-
cluded are two game paddies and a
demonstration cassette.

SPECIFICATIONS

» Microprocessor: 6502 (1 MHz).

* Video Display: Memory mapped, 5
modes—all Software-selectable:

- Text—40 characters/line, 24 lines
upper case.

- Color graphics—40h x 48v, 15 colors

- High-resolution graphics —280h x
192v; black, white, violet, green
(16K RAM minimum required)

- Both graphics modes can be selected
toinclude 4 lines of text at the bottom
of the display area.

- Completely transparent memory
access. All color generation done
digitally.

» Memory: up to 48K bytes on-board

RAM (4K supplied)

- Uses either 4K or new 16K dynamic
memory chips

- Up to 12K ROM (8K supplied)

* Software

- Fast extended Integer BASIC in
ROM with color graphics commands

- Extensive monitor in ROM

«1/0

- 1500 bps cassette interface

- 8-slot motherboard

- Apple game 1/0 connector

- ASCII keyboard port

- Speaker

- Composite

video
output

Applellis also
available in board-only
form for the do-it-yourself hobbyist. Has
all of the features of the Apple II system,
but does not include case, keyboard,
power supply or game paddles. $798.

PONG is a trademark of Atari Inc.
*Apple Il plugs into any standard TV using
an inexpensive modulator (not supplied).

Computer Inc., 20863 Stevens Creek Blvd..
Cupertino, California 95014.

SEE OUR FULL PAGE DEALER AD ON PAGE 119.

'qpple computear Inc.

Circle 5 on inquiry card.
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An Apple to Byte

Carl Helmers, Editor

BYTE March 1978

It has been a little over a year since
| first became aware of the prototype of
the Apple Il computer on a visit to Palo
Alto CA in November of 1976. At the time
| first viewed the Apple |l prototype, it
was little more than a wire wrapped proof
of concept in a homebrew masonite box.
In the year since my first exposure to the
machine Apple Il has become what | con-
sider to be one of the best examples of the
concept of the complete “‘appliance’’ com-
puter. This variety of computer is sold as
a finished product off the shelves of the
retailer’s shop or by mail from the manu-
facturer's warehouse. In late October of
1977, | took delivery on an Apple 1l with
16 K bytes of programmable user memory.
After removing it from its shipping box,
I connected it to a color television with
the cables and radio frequency modulator
supplied, and also connected it to an inex-
pensive tape recorder with an ‘“‘index’
counter to keep track of position. 1 was
able to turn on power and begin using the
computer within five minutes of receipt.
After one session in my basement labora-

Photo 1: A concoction of color resembling a
byrd. This color doodle was produced using
a homebrew joystick plugged into the Apple
II’'s game [0 connector, and a BASIC
program to implement interactive drawing
on the television screen. The photograph was
made using 1/15th second exposure and
ASA 200 Kodachrome slide film in a 35mm
camera with macro lens mounted on a
tripod. All the color photographs in this
article were taken using this setup.

tory wiring up some joystick hardware
using Apple |I’'s documentation as a guide,
and after about three evenings of hacking
with the built-in ROM BASIC interpreter,
| was able to produce a program for a color
sketchpad to provide an illustration of
some of the potentials of such small com-
puters for use in artistic contexts. While
| treat the Apple Il as one of the neatest
“proofs of concept’” of the idea of the
personal computer yet to become avail-
able, it is by no means the only one on the
market, so readers should judge for them-
selves with respect to their own values and
preferences.

The potential for producing graphics like
photo 1 illustrates why | became intoxi-
cated with the Apple I concept from the
first word of its existence. With a personal
interest in the uses of computers for artistic



The Al 8411/0.

A completely
refurbished IBM Selectric
Terminal with built-in ASCII

FEATURES:

* ASCIi code. * Reliable, heavy duty Selectric
14.9 characters per second printout. mechanism.

e Special infoductory price — $995 * Off-line use as fypewriter
(regularly $1195) 75% discount from
original price of new unif.

e Parallel Interface
(connector to 3P
+ Sincluded)

e Order direct from
factory.

¢ Documentation
included

e 30-day warranty — % ‘\
parts and labor. " \

e High quality
Selectric 6‘
prinfing. qq
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. \ AN o’ JACOBSON

s & Anderson Jacobson. Inc.. 521 Charcot Avenue

an Jose. California 05131

AJ 841 WARRANTY AND SERVICE
IS AVAILABLE IN THE
FOLLOWING CITIES:

Los Angeles/ Cincinngti

- \ Philadelphia/ Detroit
Hackensack / Dallas
Columbus/ Houston
Cleveland/ Atlanta

San Jose / Chicage
Boston/New York

Washington, D.C.

For further
information call
(408) 263-8520

I N N N N N N Y N NN ENA * o A------------------‘

~—
HOW TO ORDER AN CLIP AND MAIL WITHORDER ]
AJ 841 1/0 TERMINAL

Make cashier’s check or money order
poyob|e to: Number of unifs @ SQQS eqach S o I

ANDERSON JACOBSON, INC.

Address your request to:
Personal Computer Terminal Shi .
pping and handling $35
ANDERSON JACOBSON. INC. each (excluding San Jose) _ S
521 Charcot Avenue
San Jose, CA 95131 TOTAL ‘

2. Upon written notification, pick up your ’ — T
terminal at the AJ service office
located in one of the above cities.
Allow six fo eight weeks for delivery. NAME

3. A final check of your unit will be made
at the local AJ service office at time of ADDRESS
pickup.

4. For warranty or repair service, return CITyY
unit to designated service location.

5. Available in US. only. PHONE (

—

Sales tax at delivery location S
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Photo 2: The Apple Il in a typical use setting. The television is fairly far away
from the computer jtself in order to minimize interference and hash
generated by the logic circuitry. An inexpensive cassette recorder with
turns counter is used to provide mass storage for programs.
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purposes, | knew that in principle | should
be able to create something like photo 1.
Later in this account, | will present the
detail design of software which will enable
the Apple |l user to doodle as | did. |
make no claims to great artistic genius, but
the ability to do this sort of doodling, as
well as much more serious computing in a
utilitarian mode of operation, is what the
personal computer is all about. Apple Il
is a self-contained package which talks to
a color television set owned by its user,
an audio cassette recorder supplied by the
user, two control paddles supplied by the
manufacturer, and a ‘‘kluge harp” style
audible annunciator which can be pro-
grammed to play music or make a variety
of noises. Much of the detail of the system
design of the Apple || has already been
presented in these pages in the form of an
article by its designer, Stephen Wozniak,
which appeared in the May 1977 BYTE
on page 34. This article will survey the
reactions | have had to using this system
in the four weeks or so following its
arrival.

Externals

The physical appearance of the Apple ||
in its normal usage context is illustrated in
photo 2. The package in which the system is
contained is a high strength injection molded
plastic material with a metal bottom plate.
The plastic parts are painted an off-white
ivory color. The three piece case consists

of a body with a door on the top for access
to the internal works and peripheral sockets.
The case is almost empty when the Apple ||
arrives, and when carrying the computer
around in its optional leatherette bag my
common practice has been to take the cover
off and insert various paraphernalia cushioned
by foam plastic to avoid damaging the circuit
boards. (If | had any peripherals plugged into
the 10 bus of the machine, this would not
necessarily be a good idea.) When zipped up
in its carrying bag, the Apple |l looks like
an overgrown pocket calculator. | have taken
this computer in its case to friends’ homes
and with me on trips by airplane (where it
fits under the seat as “‘carry on’’ luggage). If
the destination of one’s travels has a color
television, and a miniature cassette recorder
is packed with the Apple [l, then this com-
puter can be considered to be truly portable
and adds but one bag to the normal comple-
ment of travel luggage.

While the case is elegantly styled, as can
be seen from photo 2, there are two minor
problems related to the mechanical design
of this case. The problems relate to the top
of the case and how it fits into the main
body of the computer. One problem is the
fact that the adhesion between the paint of
the case and the plastic is not strong enough
to keep the fasteners in place. After |
opened the top a few times both fasteners
broke loose. The second mechanical design
glitch is the fact that if the cover is moved
more than about 5 or 10° from horizontal
before it is slid out from under the front
edge of the case, a leverage effect will tend
to extract the keyboard from its moorings.

A usable configuration of the Apple Il as
emphasized in photo 2 is made up of the
computer, a color television, and a cassette
recorder. The standard game paddles which
come with the system allow interactive
graphic applications. The use of a color
television is highly recommended, although
a black and white set will certainly work, at
the expense of one of the unique features
of Apple I, its color display.

There are two methods of sending video
data to the television set from the Apple.
The best option, which is often used by
computer stores to show off the system, is
use of direct video. However, stock color
televisions or color monitors with direct
video entry are rare and expensive. A less
satisfactory but quite workable method
is the use of a radio frequency modulator
to generate a television “station’’ on channel
3, with connection via the antenna terminals
and an FCC approved antenna isolation
switch which mounts on the back of the set.
This method of driving the television is the




THE FIRST TV CAMERA DESIGNED FOR
COMPUTER INTERFACE

SUPERB RESOLUTION—

Observe minute detail with resolution over
1000 TV lines.

VIRTUALLY DISTORTION-FREE—

Image is accurate, linear from center of screen to outer
edge with less than 0.2% distortion.

STABLE—

Less than 0.05% drift per 24 hours, less than 0.2% from
10° C to 40° C.

PLUS ALL LINES NEEDED FOR
DIGITAL AND ANALOG
COMPUTER INTERFACE

THIS UNIT IS “INSTRUMENT QUALITY”

—NOT A VIDEO SYSTEM FOR
ENTERTAINMENT VIEWING

APPLICATIONS:

MEDICAL

Tissue analysis

Blood analysis

Neurological—X-Y movement analysis

Optical Instrument data analysis

Other analysis of visual data

INDUSTRIAL

Aerial photography analysis—crop areas,
insect infestation

IR Analysis—detect forest fires, direct robot
fire fighters

Bottle inspection—using polarized light

Dimension analysis and control, area
measurement, displacement measurement

Printed pattern analysis and control

Missile tracking

UNIVERSITY

Analysis of any visual information that can be
measured through variation in light intensity

Medical research

Physics research

Laser technology

HAMAMATSU

HAMAMATSU CORP. e 120 WOOD AVENUE e MIDDLESEX, NEW JERSEY 08846 e (201) 469-6640
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Photo 3: Removing the cover and looking straight down into the unit, the
major internal subassemblies can be seen. At the left is the proprietary
switching power supply unit; at the right along the bottom of the cabinet is
the main processor board, with room for 48 K bytes of programmable user
memory (using 16 K memory parts) and an 8 slot 10 bus used to interconnect
peripherals. At the right toward the rear of the cabinet (top of photo) is the
RF modulator used to drive the television on channel 3. The keyboard can be
seen toward the lower edge of the photo.
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one used in all the photographs and listings
accompanying this article.

The main problem with direct RF entry
as a method is the tendency of the television
set’s tuner to pick up RF hash from the digi-
tal logic of the computer, a problem which
was quite severe in my experience, using a
Panasonic color television. The degree of
interference is dependent upon the exact
positioning of the cable, the television and
the computer relative to its various power
and peripheral cables. The problém can be
minimized, as shown by the fact that in the
listings and photos of this article | was able

to get a clear picture; but | do not recom-
mend use of a Panasonic television like
mine with the Apple Il. (Steve Jobs of Apple
Computer suggests use of several models of
Sony television sets due to superior RF
shielding relative to the Panasonic set | used.)
If you purchase an Apple Il and a color
television for it, | highly recommend testing
the TV and computer combination prior to
settling on a particular television. Some com-
puter stores will convert TV sets to direct
video entry, so this provides another option.

Internals

Photo 3 shows the Apple |l's interior
with the cover removed from the case. The
computer is entirely contained on one large
printed circuit board on the bottom of the
case. At the left is a large metal box contain-
ing the switching regulated power supply.
The printed circuit board of the keyboard
assembly can be seen protruding past the lip
at the front edge of the case (bottom of the
photograph). Also seen in this picture is a
homemade cable running from the game (O
connector of the processor board to the
joystick box which | built for use with the
color sketchpad program to be described.
At the top right in this photograph can be
seen the RF modulator unit which plugs
directly into the main board of the compu-
ter. Note that the RF cables contain large
toroidal ferrite coil forms with several
turns of the cables around them. These are
used to minimize (but in my experience
with the Panasonic television never totally
eliminate) RF hash interference in the tele-
vision set when the RF modulator technique
of video data entry is used.

The Apple |l provides a decoded set of
eight [0 sockets which also feature all the
processor bus signals. At the time the Apple
Il was delivered to me no peripherals were
available which used this bus, but | have
since seen several advertisements for prod-
ucts to plug into the Apple Il bus and the
Apple Computer Company is working on
peripherals to extend the power of the
machine. This bus is completely docu-
mented and should work out well for the
advanced experimenter.

The Apple hardware includes two fairly
gamey peripherals for use in family enter-
tainment situations. One such peripheral
is a pair of game [O paddles consisting
of an analog input lever and pushbutton
switch for each channel. A second such
peripheral is the annunciator output which
in addition to sounding the “bell” charac-
ter of ASCII can be programmed by the
user with arbitrary pitches, as a sort of
music synthesizer.



Look ToThe North Star HORIZON Computer.

HORIZON™__ a complete, high-performance microprocessor
system with integrated floppy disk memory. HORIZON is
attractive, professionally engineered, and ideal for business,
educational and personal applicaticns.

To begin programming in extended BASIC, merely add a CRT
or hard-copy terminal. HORIZON-1 inclucles a Z80A processor,
16K RAM, minifloppy™ disk and 12-slot S$-100 motherboard
with serial terminal intertace — all standard equipment.

WHAT ABOUT PERFORMANCE?

The Z80A processor operates at 4MHZ — double the power of
the 8080. And our 16K RAM board lets the Z80A execute at
full speed. HORIZON can load or save a 10K byte disk program
in less than 2 seconds. Each diskette can store 90K bytes.

AND SOFTWARE, TOO

HORIZON includes the North Star Disk Operating System and
full extended BASIC on diskette ready at power-on. Our BASIC,
now in widespread use, has everything desired in a BASIC, in-
cluding sequential and random disk files, formatted output, a
powerful line editor, strings, machine language CALL and more.

EXPAND YOUR HORIZON

Also available —Hardware floating point board (FPB); addi-
tional 16K memory boards with parity option. Add a second
disk drive and you have HORIZON-2. Economical serial and
parallel 1/O ports may be installed on the motherboard. Many
widely available S-100 bus peripheral boards can be added to
HORIZON.

QUALITY AT THE RIGHT PRICE
HORIZON processor board, RAM, FPB and MICRO DISK SYS-
TEM can be bought separately for either Z80 or 8080 S-100 bus
systems.
HORIZON-1 $1599 kit; $1899 assembled.
HORIZON-2 $1999 kit; $2349 assembled.

16K RAM —$399 kit; $459 assembled; Parity option $39 kit; $59
assembled. FPB $259 kit; $359 assembled. Z80 hoard $199 kit;
$259 assembled. Prices subject to change. HORIZON offered
in choice of wood or blue metal cover at no extra charge.

Write for free color catalogue or visit your local computer store.

NoRrTH STAR v COMPUTERS
2547 Ninth Street « Berkeley, California 94710 « (415) 549-0858
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Table 1: Summary of
the Apple 1l 5K BASIC
interpreter.

The Processor

As documented by its designer Stephen
Wozniak in the May 1977 BYTE, the design
of the Apple 1l system uses the 6502 pro-
cessor created by MOS Technology and now
available from several sources. The design
has a certain elegance which comes from a
simple combination of the video display
generation, dynamic memory refresh and
processor clock timing based on a single

Variables: Names may be from 1 to 100 characters in length. Data type is numeric unless
name is followed by the character “'$"’.

Numeric Variables: May be arrayed up to the limits of available memory with DIM state-
ment. Precision is 16 bits, signed two’s complement representation with range ~32768

to +32767.

String Variables: DIM statement sets length other than default, from 1 to 255 characters

per string.

Speed: Executes the loop 100 FOR I=1 TO 10000,110 NEXT | in about 14 seconds.

Statements:

CALL

DIM

DSP

END

FOR ...=...TO...STEP...
GOSUB

GOTO

IF ... THEN ...

INPUT

IN#

LET ...= (LET optional)
LIST

Graphic Statements:

COLOR=
GR

Operators:

+

NOT
t {exponentiate)

/
MOD

Functions:

ABS
ASC
LEN
POL

Other features:

NEXT
NO DSP
NO TRACE
POKE
POP
PRINT
PR#
REM
RETURN
TAB
TEXT
TRACE
VTAB

HLIN
PLOT
VLIN

#or<>
<

>

<=

o=

AND
OR

PEEK
RND
SCRN
SGN

Branch addresses in GOSUB and GOTO and CALL can be any arbitrary numeric
expression which results in a positive value. Legal line numbers are the positive

integers 1 to 32767.

Documentation includes several PEEK and POKE strategies to access hardware such
as speaker, paddle pushbutton switch inputs, etc.

Other Features: Interpreter Control

AUTO

CLR

CON (or control C)
DEL

DSP

HIMEM

GOTO

GR

LIST
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LOAD
LOMEM
MAN

NEW

NO DSP
NO TRACE
RUN
SAVE
TEXT
TRACE

crystal oscillator. I'll not repeat the details
here, but simply summarize: the two phase
nature of the 6502 clock is such that the
processor turns itself off with respect to the
outside world during one phase, and accesses
memory during the other phase. By using
the phase unused by the processor for access
of memory by the video display generation
logic, there is never any conflict between
the display and the processor’'s access of
memory. As a side effect, since the display
generator is always cycling through the
low order address bits of the dynamic
memory content of the machine, the dy-
namic memory refresh requirements are met
by this regular access of memory for display
purposes.

The memory address space of the Apple
[l is partitioned into three major segments.
The region from addresses hexadecimal O
to BFFF (48 K bytes) is reserved for pro-
grammable user memory, implemented with
dynamic memory parts. The region from
D000 hexadecimal to FFFF hexadecimal
is reserved for systems software in read only
memory, and [0 ports are found in the
CO000 to CFFF region.

The user memory region can have any
combination of three 4K or 16 K byte
regions depending upon which memory
chips one plugs into three sets of eight
sockets. Thus the Apple Il can be had with
4K, 8K, 12K, 16K, 20K, 24 K, 32K,
36 K or 48 K bytes of memory at the
user's option. For full use of the capa-
bilities of the machine | would not rec-
ommend purchasing less than 16 K bytes
of memory.

The read only memory regions cover
a total of 12 K bytes in the address space,
starting at DOOO and extending through
FFFF. In the versions of Apple [l currently
being delivered, four 2 K byte read only
memory parts are plugged into addresses
EOOO through FFFF, giving a total of 8 K
bytes of systems software and leaving two
2 K byte sockets unused. The present
ROM load includes 5K for the integer
BASIC interpreter, 1 K for miscellaneous
utility routines, and 2K for the system
monitor program.

Systems Software

As with all the se!f contained “complete”
computer systems, Apple !l is ready and
willing to act as a personal computer ser-
vant as soon as the power is turned on and
the ‘‘reset” button on the keyboard is
pushed. This capability for instant use is
achieved by the systems software contained

Continued on page 30
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System 8813

SOTP

The Computer for the Professional

Reliable hardware and sophisticated software make
this system a useful tool. Several software packages are
included with the machine: an advanced disk operating
system supporting a powerful BASIC language inter-
preter, easy to use text editor, assembler and other system
utilities. Prices for complete systems start at $3250.

Whether you are a manager, scientist, educator, lawyer,
accountant or medical professional, the System 8813 will
make you more productive in your profession. It can keep

track of your receivables, project future sales, evaluate
investment opportunities, or collect data in the laboratory.

Use the System 8813 to develop reports, analyze and store
lists and schedules, or to teach others about computers.
It is easily used by novices and experts alike.

PolyMorphic
Systems

See it at your local computer store or contact us at
460 Ward Dr., Santa Barbara, CA 93111, (805) 967-0468.
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attacheé

New iCOM Attaché

Tinker-time is over for many small-
computer users. You're ready for
more powerful, more professional
equipment—to replace early
kluged systems, or for easier
computer ownership.

We're ready too. With Attaché—
handsomely produced by iCOM®
pros, strengthened by our Pertec
Computer Corporation family ties.
Already first in Microperipheralsy
we've expanded our industry
commitment, to provide complete
turnkey systems backed by PCC's
full technical resources.

Take Attaché seriously.

At last a no-nonsense desktop
computer: highly advanced, but
you don't have to be an engineer to
run it. And flexible enough for
application versatility.

Heavy-duty powered, Attaché's
$-100 bus mainframe offers 10-
slot accommodations. For 8080
microprocessor, video, and
turnkey monitor boards, for full
64-character ASCII keyboard.

With room to spare for user options:
plug in 16K memory, cassette
interface (KCACR), I/O, process
control, and/or iCOM floppy disk
interface cards.

Producls of E58 Pertec Computer Corporation

A serious small system for practical computing

With serious software support.
Attaché software options take
advantage of iCOM's solid expe-
rience: field-proven FDOS-III™

Disk Operating System; relocatable
assembly language development
system; and DEBBI" the Disk-
Extended BASIC by iCOM.

iCOM: right, from the start.

Now the most-trusted name in
Microperipherals can satisfy your
total system requirements. With
a serious computer worth
looking into today at your local
computer store.

20630 Nordhoff Street, Chatsworth, CA 91311. Telephone: (213) 998-1800. TWX: {910) 494-2093.
Bullt and backed by Pertec Computer Corporation. (world's leading Independenl! producer of computer peripheral equipment and distributed processing and data entry systems).
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VISIT YOUR NEAREST

MITS

ARIZONA:

Altiar Computer Center
4941 East 29th Street
Tucson, AZ 85711
602/748-7363

Contact: Armand Sperduti

Southwest Micro-Systems, Inc.
3815 North Third Street
Phoenix, AZ

602/957-3738

Contact: Darryl C. Goebel

ARKANSAS:

JFK Electronics

3702 JFK Bivd.

No. Little Rock. AK 72116
501/753-1414

Contact: George Luijet

CALIFORNIA:
Computer Kits

1044 University Avenue
Berkeley, CA 94710
405/845-5300

Contact: Pete Roberts
The Computer Store
820 Broadway

Santa Monica, CA 90401
213/451-0713

Contact: Dick Heiser

COLORADO:

Gateway Electronics of St. Louis
2839 West 44th Avenue
Denver, CO 80211
303/458-5444

Contact: George Mensik
Sound-Tronix

900 Ninth Avenue
Greeley, CO 90861
303/356-1588

Contact: Ronald Schuster
(have two other locations
in Colorado)

FLORIDA:

Altair Computer Center of Miami,
Inc.

Opa Locka Airport

Miami, FL 33166

305/688-0569

S.E. Micro-Data Corporation

6020 South Orange Blossom Trail,

Suite 602
Orlando, FL 32807

GEORGIA:

The Computer Systemcenter
3330 Piedmont Road, N.E.
Atlanta, GA 30305

404/231-1691

Contact: Rich Stafford, Lou Darby

ILLINOIS:

Chicago Computer Store

517 Talcott Road

Park Ridge. IL 60068
312/823-2388

Contact: Lou Van Eperen
Chicago Computer Store

4919 "B"" North Sheridan Road
Peoria, IL 61614

309/692-7704

INDIANA:

Indianapolis Office Machines
6433 East Washington Avenue
Indianapolis. Indiana
317/353-9315

KANSAS:

Advanced Micro Systems, Inc.
7751 England

Overland Park, KS
913/649-2347

Contact: Phil Bouldin

KENTUCKY:

The Computer Store
SuiteS

Municipal Parking Bidg.
Charleston. West VA 25301
304/845-1360

Contact: Steven C. Payne

MICHIGAN:

The Computer Store of Detroit
505-507 West 11 Mile Road
Madison Heights, MI 48071
313/545-2225

Contact: Pete Blond

The Computer Store of Ann Arbor
310 East Washington Street
Ann Arbor, MI 48104
313/995-7616

Contact: Pete Blond

MINNESOTA:

The Computer Room
3938 Beau D'Rue Drive
Eagan, MN 55122
612/452-2567

Contact: Roger Hensen

MISSOURI:

Gateway Electronics of St. Louis
8123-25 Page Bivd.

St. Louis, M0 63130
314/427-6116

Contact: Lou Elkins

NEBRASKA:

Altair Computer Center
611 North 27th Street
Lincoln, NE 68503
402/474-2800

Contact: Steve Conover

NEW MEXICO:
Computer Shack

3120 San Mateo N.E.
Albuquerque, NM 87110
505/883-8282

Contact: Pete Conner

NEW YORK:

The Computer Store of New York
55 West 39th Street

New York, NY 10018
212/221-1404

The Computer Store

269 Osborne Road

Albany, NY 12211

518/459-6140

Contact: Charlie Olds

NORTH CAROLINA:
Computer Stores of Carolina
1808 East Independence Bivd.
Charlotte, NC 28205
704/334-0242

Contact: Grey Hodges

OHIO:

Altair Computer Center

5252 North Dixie Drive
Dayton, OH 45414
513/274-1149

Contact: John & Judy Potter
The Computer Store of Toledo
8 Hillwyck Street

Toledo, OH 43615

Southern Medical Clinic
3700 South Parsons Avenue
Columbus, OH 43207
614/497-1366

Contact: Dr. Robert Bertani

OKLAHOMA:

Altair Computer Center
110 The Annex

5345 East 41st Street
Tulsa, OK 74135
918/664-4564
Contact: Ray Koons

EALER

OREGON:

Altair Computer Center
8105 S.W. Nimbus Avenue
Beaverton, OR 97005
503/644-2314

Contact: Dick Landon

PENNSYLVANIA:
Microcomputer Systems Inc.
243 West Chocolate Road
Hershey. PA 17033
717/533-5880

Contact: Walter Hiester

Five H Corporation

740 Huntersrun Road
Pottstown, PA 19464
Contact: Michael Hegedus

TEXAS:

Swift Computers, Inc.
Suite 206

3208 Beltline Road
Dallas, TX 75234
Contact: Carl Swift
Swift Computers, Inc.
Fort Worth, TX
214/241-4088
Contact: Carl Swift
Burcon, Inc.

5750 Bintliff Drive
Suite 206

Houston, TX 77036
713/780-8981
Contact: Bob Burnett, Mike Conley
Computronics

5415 25th Street
Lubbock, TX 79407
806/797-4495

UTAH:

Microcosm Incorporated
534 West 9460

South Sandy, UT 84070
801/566-1322

Contact: John 0. Anderton

VIRGINIA:
Computers-To-Go

1905 Westmoreland Street
Richmond, VA 23230
804/355-5773

Contact: Becky Willis
Microsystems Computer
Corporation

Century Mall-Crystal City
2341 South Jefferson Davis
Highway

Arlington, VA

703/569-1110

Contact: Russ & Gloria Banks
Megabyte Computer Association
700 Stoney Point, Suite 7
Newtown Road

Norfolk, VA 23502

'WASHINGTON:

Altair Computer Center
8105 S.W. Nimbus Avenue
Beaverton, OR 97005
503/644-2314 .

Contact: Dick Landon

WEST VIRGINIA:

The Computer Store
Municipal Parking Bldg.
Suite 5

Charleston, West VA 25301
304/345-1360

Contact: Stephen C. Payne

WISCONSIN:

Chicago Computer Store
285 West Northland Avenue
Appleton, Wl 54911
414/731-9559

BYTES Bits

How the BOMB Breaks

What do BOMB ratings mean? We'll
let readers figure this out, since readers
judge the articles on a personally sub-
jective scale from 0 to 10. Let Xj be
the total of all ratings by all BOMB cards
for article j. What we do is execute the
following procedure:

Mean: X = (,=£ Xj)/n
=1
Standard : 0=SQRT('% (Xj- X)2)
Deviation =1

Then the ‘“‘figure of merit” for a given
article j is given by the expression:

Figure of Merit: f= (X; = X) / @
It is clear that f is determined by the

readers who send in filled out BOMB
cards.®

Attention 6502 Users. . .

Micro, the 6502 Journal is the name
of a new publication put out by Robert
Tripp (published bimonthly, $6 per
annum, by The Computerist, 8 Fourth
Ln, South Chelmsford MA 01824). We
just received the second issue of this
photo-offset” publication, and the con-
tents should please all users of Apple-ll,
KIM-1, OSI, PET 2001 and other
machines with 6502 central processor
chips. The second issue was 30 pages
long and contained 12 items listed in its
table of contents, along with advertise-
ments of ten companies specializing in
the 6502 marketplace the publication
addresses. The $6 spent on a subscrip-
tion to Micro will be well worth
it. . .CH®

Detroit ACM Seminars To Be
Held in A_pri!

The Metropolitan Detroit Chapter of
ACM announces its Sixth Annual Pro-
fessional Development Seminars to be
held on Tuesday and Thursday evenings
during April at the Lawrence Institute of
Technology which is accessible by
expressway (1-96) from most of South-
eastern Michigan.

Topics and instructors include: struc-
tured programming, Michael Marcotty;
computer networks, Eric Aupperle; data
base management systems, Alan Merten,
James Fry and Toby Teorey; operating
systems, Ronald Srodawa; computer
graphics, John Dill; and design validation
of real time microprocessor software,
Ronald Temple.

For a program brochure, write ACM,
POB 1091, Warren M| 48090.m
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'\ The all new
§ mnemonics




revised 2nd Edition...with industry standard
...has just arrived! Plus, a special bonus!

Scelbi has done it again. Here is
the great book that lets you cook
up appetizing, hot programs for
your own ‘8080°. And, now,

it’s been completely revised, and

republished, to reflect the latest _

industry standard mnemonics.
This tasty delight of all new

second generation software for WtV

your ‘8080’ is chock full of mouth-
watering applications to satisfy
the most fussy palate. It’s a
mouthwatering delight.

Over 200 pages. Chock full
of action, facts.

You’ll devour the contents of
this action-packed, information-
stuffed book. Gobble up practical
‘how to’ facts. The description of
the ‘8080’ instruction set. How to
manipulate the ‘8080’ stack. Flow
charts and source listings. General
purpose routines for multiple
precision operation. Programming
time delays for real time applica-
tions. Random number generators.
And many, many more basic
programming functions you can
sink your teeth into.

Three versions now available.
That’s right. Now there are
three versions of this great book.
The DeLuxe Hardcover edition,

a must for any library, is only

$14.95. The new heavy-duty Vinyl

covered edition, for the hard
working, heavy computer user, is
only $12.95. The same facts are
packed into an economical paper-
back edition for a low, low $10.95.

Floating Point Arithmetic
Routines.

The new 2nd edition of the
famous Scelbi Cook Book even

H“.{-

\ for a low, low $2.00. Do it now!

Price shown for North Americon cus'omets Master
Charge, Postal and Bank Money Orders preferred.

floating point arithmetic programs
(worth the price of the book
alone!) ... plus input/output
processing for your basic 1/0
programming through interrupt
processing. There are code and
numeric conversion routines. Real
time programming. Search and
sort routines. And too many
finger-lickin’ goodies to mention
here.

‘8085’ users will find a fountain
of champagne facts in here too.

[ SPECIAL BONUS OFFER!

Act now and you can own
Scelbi's popular ‘8080’ Pro-
grammer’s Pocket Guide. This
compact book, 3”"x4%2”, slips
into your pocket, so you can
carry it with you everywhere.
It's an ever-ready instant ref-
erence for operation of your
‘8080°. It explains the instruc-
tion set in painstaking detall,
and gives both octal and hexa-
decimal codes. This valuable
@ book regularly sells everywhere
for $2.95. If you order your 2nd
Edition Cook Book now, you
can also purchase the Pocket Guide

O - E—0

includes completely assembled 008 Pastal and Bk o o s e

Pricing. s Ifications, avoll?:%lllty subject to
LBl Books are availabie
In many fine Computer Stores. IMPORTANTI In-
clude 75¢ poskm/hondllng for each Hem
delivered by U.S. Mall Book Rate; or 52 for each
tem shipped Frst Class or via UPS.

change t notice. SCE

* DelLuxe Hardcover Edition, now only $14.95

* Durable Vinyl covered Edition, now $12.95

* Economical Paperback Edition, now $10.95
Circle 100 on inquiry card.

‘8080’ Pocket Guide Bonus
offer.

If you act right now you can
own Scelbi’s equally famous ‘8080’
Programmer’s Pocket Guide, a
compact, pocket-size, instant

reference that explains the in-

struction set in detail (duplicates

Chapter 1 of the Cook Book),
giving both octal and hexadecimal
codes. It normally sells for $2.95.
Order your copy of Scelbi “8080”
Software Gourmet Guide & Cook
Book now, and the Pocket Guide
is yours for only $2.00!

Don’t delay. Order your copy
today.

You’ve heard about this great
book. Here’s your chance to own
the updated, current edition in
one of three versions to fit your
budget. It’s everything the com-
puter chef needs. And, you can’t
beat the price. .. or the bonus
offer. Order your copy today.
Scelbi’s “8080” Software Gourmet
Guide & Cook Book. Write to
Scelbi Computer Consulting, Inc.;
P.O. Box 133 PP STN,

Milford, CT 06460.

Dept. B




Continued from page 24

in the 8 K byte read only memory. On
reset, the system monitor program is en-
tered, with an asterisk (*) returned to the
video display as a prompting character.
The functions available from this program
include hexadecimal manipulations of mem-
ory contents: displaying memory, changing
memory contents, moving blocks from place
to place in memory, comparing blocks in
memory, reading or writing memory blocks
to tape. At a slightly higher level, there is
a “‘mini-assembler” which does operation
code lookup and branch address calcula-
tion, and a disassembler which inverts the
operation of the assembler. The monitor
also includes provisions for machine lan-
guage tracing of programs, single step
execution of machine language programs,
and hexadecimal arithmetic of addition
and subtraction. This software provides
the basis for effective low level use of the
6502 processor, and in fact was used by
Apple 1l's designer Stephen Wozniak as
one of the key software development tools
in implementation of the 5 K Apple BASIC
interpreter which makes up the remainder
of the 8 K software in read only memory.
The 5K Apple BASIC interpreter is
entered from the system monitor through
use of a ‘“control B” command followed

Table 2: Summary of Apple 1l features.

Processor: 6502 running at 1.023 MHz

User Memory Capacity: Three banks of eight 4 K or 16 K dynamic memory parts

4K,8K,12K,16 K,20K, 24 K, 32 K, 36 K or 48 K bytes

Read Only Memory Capacity:

12 K bytes using 2 K by 8 bit ROM parts, 8 K installed

Standard Peripherals:

Two game paddles {one switch, one variable analog input per paddle)
Programmable annunciator
ASCI]] keyboard

Audio tape mass storage (approximately 1500 bps)

NTSC color video generation for primary display

Optional:

RF modulator for video coupling to standard television

Expansion Capabilities:

Eight 10 connectors with 50 pins:
Full address bus {16 pins)
Full data bus (8 pins)
Timing signals
DMA signals
Device select signals

Software:

30

System monitor (2 K bytes, ROM)

Utility routines {1 K bytes, ROM)

integer BASIC interpreter {5 K bytes, ROM)

Full extended BASIC (Applesoft, loaded from tape, requires 16 K user memory)
Applications software examples including games, accounting, etc
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by a carriage return. This sequence results
in the 5K BASIC interpreter’'s prompt
of an angle bracket (>). The 5K inter-
preter built into the Apple Il is an integer
BASIC with 16 bit precision and a signed
two’s complement number representation.
Table 1 summarizes the characteristics of
this BASIC. Built into the language are a
number of extensions which are used to
control special hardware and the graphics
of the Apple [l color display. These exten-
sions include the commands GR, TEXT,
PDL (read a control paddle), SCRN (extract
the current color of a point on the screen),
COLOR=, PLOT, VLIN (draw vertical
line) and HLIN (draw horizontal line).
Using this 5 K BASIC | was able to imple-
ment the color sketchpad program shown
in the listings of this article, in about three
evenings of experimentation which mostly
concerned defining just what the program
must do.

The 5 K BASIC interpreter which is built
into the Apple is all that is needed for imple-
mentation of most types of interactive
games involving color graphics and reaction
times on the part of the user. But the 5 K
BASIC, even given its string capabilities,
is not what one would want to use to do
a simulation of a physical system or cal-
culate quantities other than integers.

As an answer to the need for an extended
BASIC as a language for the Apple I,
there is the “‘Applesoft’”’ extended BASIC
interpreter which can be used in systems
with 16 K bytes of memory or more. The
name ‘‘Applesoft” is a cross between the
source of the interpreter, the Microsoft
company, and a gross pun (“applesauce”).
This interpreter is nearly identical to the
Microsoft extended BASIC interpreters
which have been made available for a num-
ber of personal computer products. The
people at Apple have hacked the interpreter
to include a few variations on the standard
version which address the color display
hardware. The only relative novelty of this
hack is that in order to get graphics exten-
sions, they had to sacrifice two statements:
LET and REM. Thus, on initialization of
Applesoft, the user is given the option of
having LET and REM but no built-in
graphics primitives, or having graphics but
no LET and REM statements. Since LET
is totally optional in assignments, its loss
is hardly felt; but the lack of remarks may
be felt by self-documenting code purists
who want to use the graphics mode of
Applesoft. Of course not having the primi-
tives does not prevent use of the graphics
hardware, since like all Microsoft inter-
preters, Applesoft has PEEK and POKE



Meet The North Star Family

THE NORTH STAR S-100 FAMILY—four high perform-
ance products at attractive low prices. Our boards are
designed for use in the North Star HORIZON computer
and other S-100 bus computers using 8080 or Z80 proces-
sors. Visit your computer store for a demonstration, or
write for our free color catalog.

16K RAM BOARD

No other S-100 bus memory can match the performance
of the North Star 16K RAM at any price. This low-power
board has been designed to work at full speed (no wait
states), even at 4MHz with both Z80 and 8080 systems.
Memory refresh is invisible to the processor, bank switch-
ing is provided and addressability is switch selectable in
two 8K sections. Best of all, a parity check option is avail-
able. Kit: $399. Assembled: $459. Parity Option — kit:
$39. Assembled: $59.

MICRO DISK SYSTEM

The North Star MDS is a complete floppy disk system with
all hardware and software needed to add floppy disk
memory and a powerful disk BASIC to S-100 bus com-
puters. The North Star MDS is widely considered one of
the best designed and most complete S-100 bus products

NoRTH ST1TAR

Circle 83 on inquiry card.

2547 Ninth Street + Berkeley, California 94710 « (415) 549-0858

available. The MDS includes the S-100 interface board
with on-board PROM for system startup, Shugart mini-
floppy disk drive, cabling and connectors, and DOS and
BASIC software on diskette. Kit: $699. Assembled: $799.
Additional drive — Kit: $400. Assembled: $450. Single
Drive Cabinet: $39. Optional Power Supply: $39.

Z80A PROCESSOR BOARD

The North Star ZPB brings the full speed, 4MHz Z80A
microprocessor to the S-100 bus. Execution is more than
twice the speed of an 8080, and the ZPB operates in sys-
tems both with and without front panels. The ZPB in-
cludes vectored interrupts, auto-jump startup, and space
for 1K of on-board EPROM. Kit: $199. Assembled: $259.
EPROM Option — kit: $49. Assembled: $69.

HARDWARE FLOATING POINT BOARD

If you do number crunching, then this board is for you.
The FPB performs high-speed floating point add, subtract,
multiply and divide with selectable precision up to 14
decimal digits. Arithmetic is up to 50 times faster than
8080 software, and BASIC programs can execute up to
10 times faster. A version of North Star BASIC is included.
Kit: $259. Assembled: $359. Prices subject to change.

CoMPUTERS
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Photo 4: An example of
the high resolution
graphics hardware of the
Apple 1l is provided by
this photo. Although four
nominal colors are avail-
able, this photo illustrates
how some subtleties of
color can be obtained by
taking advantage of the
distortions inherent in the
television set when mani-
pulating  controls. This
demonstration is one of
several options available
in the high resolution
graphics demonstration
program of Apple /1.
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primitives and all hardware addresses are
documented in the Apple 1.

The Applesoft interpreter is loaded from
its cassette tape using the LOAD command
of the 5 K interpreter. It takes about one
minute and 30 seconds to do this load,
which results in what 5 K BASIC thinks
is a really big application program, but what
is in effect the object text of the new inter-
preter plus a 5 K BASIC program which
presents an interactive setup sequence.
After loading this pseudo 5 K BASIC text,
the user types RUN, and the interactive
setup sequence is entered. This sequence
includes the option to display a summary
of Applesoft BASIC commands which is
also available on a reference card. After
the setup sequence, the Applesoft inter-
preter is entered, as indicated by a right
square bracket prompt character (). With a
16 K Apple 1l system, the user gets the

message ‘5615 BYTES FREE” at the
conclusion of the setup sequence.

Running the same rather incomplete
benchmark as is found in table 1, | found

that the Applesoft interpreter running in
an Apple 11 took 12 seconds for 10000
iterations of a null loop.

Tape Mass Storage

The. Apple Il tape mass storage system
accomplishes its purposes of storing and

recovering files of data. | have proven this
to my own satisfaction by using the sys-
tem. For both the 5 K BASIC and Applesoft
BASIC, SAVE and LOAD operations feature
a “beep” from the Apple Il's annunciator
following the leader at the beginning of the
file, and at the end of the operation. There
is no such audible feedback when using the
tape with system monitor commands.

It is the user’s responsibility with the
Apple Il tape system to keep track of files
on a piece of paper or in a log book. The
software of the tape system does not include
any naming of files in file headers. It also
does not include any ‘“verify” command
for those of us who would like to make sure
that a file is properly written before pulling
the plug and closing down at the end of an
evening's programming.

The act of loading a file involves the user
positioning the tape just past the start of
the leader tone for the file, issuing the
proper command up to the point of the
carriage return which completes the com-
mand line, then simultaneously starting the
recorder and hitting the carriage return key.

High Resolution Graphics Software?

The one item of systems software which
has been promised but not yet (December

Continued on page 35



The difference is value.
Take a look at our low-cost
microcomputer’s heavy duty
cabinet. Even with the cover
removed, it maintains its rigid
structural integrity. But we
don’t stop there. Quality built
Vector Graphic products, from
boards and kits to complete
systems — such as our
Memorite turn-key text editor
shown below — beat all
competitors in mechanical,
thermal and electrical design.

Based on an 8080A
microprocessor and the S-100
bus structure, Vector Graphic
microcomputers are compatible
(with the exception of minor 1/0
patches) with all of the current
8080A software.

If you’re designing small
business systems, text editors,
control equipment, games or
even microprocessor
development, it will pay you to
look into our low cost
microcomputers and interface
boards, kits or assembled.

Rush me details today.

Yes, I'm interested in:
O Systems [ Boards, kits or
assembled [0 Microcomputers

City/State/Zip

Vector Graphic Inc.,
790 Hampshire Rd., Westlake
Village, CA 91361 (805)497-6853

Sold and serviced nationally.

Vector Graphics microcomputer:

.......

Whatss in it for you?

g

S AT

Word processing systems for $7,950 — features normally found in systems costing twice as much.

Circle 100 on inquiry card.

BYTE March 1978 33



why

the last bus

is the best bus

If you want to be better, you
have to be willing to make
‘changes. So, when we started
designing our H8 Computer
back in 1975, we put aside a lot
of pre-conceptions to design a
better computer. For instance,
instead of slavishly adopting
an inferior bus as a "standard,’
we designed our own. We
used fifty fully-buifered lines
because that's all. we really
needed with the H8's built-in
systems controller. The result?
Clean signals, minimum
noise and great expansion
capabilities.

Next, we picked a male/fe-
male connector. Not only is it
less expengive than edge con-
nectors, our tests show it's
also more reliable! And be-
cause it costs less, every H8
motherboard includes all the
connectors you need for ex-
pansion. There's nothing extra
to buy.

The connectors are mounted
on the right side of the cabinet
at an angle so the boards tilt
back. That gives us a couple of

significant advantages. First,-

it allows the boards to be
larger without requiring a
taller cabinet. So our circuit
board layout is more open,
which makes the boards
easiertobuild — even if you've
never built a kit before. Sec-
ond, the angled mounting
provides easy accessibility to
all the components on the face
of the boards without an ex-
tender. (Many times an exten-

der alters the transmission
characteristics of the bus,
which masks the problem
you're trying to solve or even
causes new ones.)

And we plan to support the H8
bus. In the future you can ex-
pect to see many new and
exciting accessories for the H8
bus like higher density, lower
power memories and a variety
of unique I/O intertaces.

We're very happy with our bus,
and we think you will be, too.

Who minds being different...
as long as you're better.

llealhkll
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FREE

Read about nearly
400 money-saving,
tun-to-build
electronic kits.

Use coupon to send for
your mail order catalog
ar bring coupon to a
Heathkit Electronic
Center for your catalog.

HEATH

Heath Company, Dept. 334-390
l Schlumberger Benton Harbor, M1 49022

Please send me my FREE Catalog. | am not on your mailing list.

Name.

Address

City

_ _ State.

CP-138

Zip_

l
|
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AVAILABLE LOCALLY AT
HEATHKIT ELECTRONIC CENTERS
(Units of Schlumberger Products
Corporation) Retall prices on some
products may be slightly higher.

ARIZONA: Phoenlx, 85017, 2727 W. Indlan School
Rd., Phone: 602-279-6247; CALIFORNIA: Anahaim,
92805, 330 E. Ball Rd., Phone: 714-776-9420; El
Cerrito, 94530, 6000 Potrero Ave., Phone: 415-236-
8870; Los Angeles, 90007, 2309 8, Fiower St.,
Phone: 213-749-0261; Pomona, 91767, 1555 Orange
Grove Ave. N., Phone: 714-623-3543; Redwood
Clty, 84063, 2001 Middlefield Rd., Phone: 415-365~
8155; Sacramento, 95825, 1860 Fulton Ave., Phone:
916-486-1575; San Dlego (La Mesa, 92041), 8363
Center Dr., Phone; 714-461-0110; San Jose (Camp-
bell, 95008), 2350 S. Bascom Ave., Phone: 408-
377-8920; Woodland Hills, 91364, 22504 Ventura
Bivd., Phone: 213-883-0531; COLORADO: Denver,
80212, 594C W. 38th Ave., Phone: 303-422-3408;
CONNECTICUT: Hartford (Avon, 06001), 385 W.
Main St. (Rte. 44), Fhone: 203-678-0323; FLORIDA:
Miami (Hialeah, 33012), 4705 W. 16th Ave., Phone:
305-823-2280; Tampa, 33614, 4019 West Hilis-
borough Ave., Phone: 813-886-2541; GEORGIA:
Atlanta, 30342, 5285 Roswell Rd., Phone: 404-252-
4341; ILLINOIS: Chicago, 60645, 3462-66 W. De-
von Ave., Phone: 312-583-3920; Chicago (Downers
Grove, 60515), 224 Ogden Ave., Phone: 312-852-
1304; INDIANA: Indlanapolis, 48220 2112 E. 62nd
St., Phone: 317-257-4321; KANSAS: Kansas City
(Mission, 66202), 5960 Lamar Ave., Phone: 813-
362-4486; KENTUCKY: Louisville, 40243, 12401
Shelbyvitle Rd., Phone: 502-245-7811; LOUISIANA:
New Orleans (Kenney, 70082), 1900 Vetarans
Memortal Hwy., Phone: 504-722-6321; MARYLAND:
Baltimore, 21234, 1713 E. Joppa Rd., Phone: 301-
661-4446; Rockville, 20852, 5542 Nicholson Lane,
Phone: 301-881-5420; MASSACHUSETTS: Boston
(Peabody, 01960), 242 Andover St, Phone: 617-
531-9330; Boston (Wellesley, 02181), 165 Wor-
cester Ave. (Rt. 9 just west of Rt. 128), Phone:
617-237-1510; MICHIGAN: Detroit, 48219, 18645
W. Elght Mile Rd., Phone: 313-535-6480; E. De-
troit, 48021, 18149 E. Elght Mile Rd., Phone: 313-
772-0416; MINNESOTA: Minneapolls (Hopkins,
55343), 101 Shady Oak Rd., Phone: 612-938-6371;
MISSOUR!: St. Louis (Bridgeton), 63044, 3734
McKelvey Rd., Phone: 314-291-1850; NEBRASKA:
Omaha, 68134, 9207 Maple St., Phone: 402-391-
2071; NEW JERSEY: Fafr Lawn, 07410, 35-07
Broadway (Rte. 4), Phone: 201-791-6935; Ocean,
07712, 1013 State Hwy. 35, Phone: 201-775-1231;
NEW YORK: Buffalo (Amherst, 14226), 3476 Sheri-
dan Dr., Phone: 716-835-3090; Jericho, Long is-
tand, 11753, 15 Jericho Turnpike, Phone: 516-334-
8181; Rochester, 14623, 937 Jefferson Rd., Phons:
716-244-5470; White Ptalns {North White Plalns,
10603), 7 Reservoir Rd., Phone: 914-761-7690;
OH10: Cincinnati (Woodlawn, 45215), 10133
Springtietd Pike, Phone: 513-771-8850; Cleveland,
44129, 5444 Pearl Rd., Phone: 216-886-2590; Col-
umbus, 43229, 2500 Morse Rd., Phone: 614-475-
7200; Toledo, 43615, 48 S. Byrne Rd., Phone: 419
537-1887; PENNSYLVANIA: Philadelphla, 19149,
6318 Roosevelt Blvd., Phone: 215-288-0180; Frazer
(Chester Co.), 19355, 630 Lancaster Pike (Rt. 30),
Phone: 215-647-5555; Piitsburgh, 15235, 3482 Wm.
Penn Hwy., Phone: 412-824-3564; RHODE ISLAND:
Providence (Warwick, 02886), 558 Greenwich
Ave., Phone: 401-738-5150; TEXAS: Dallas, 75201,
2715 Ross Ave., Phone: 214-826-4053; Houston,
77027, 3705 Westhelmer, Phone: 713-623-2090;
VIRGINIA: Alexandria, 22303, 6201 Richmond
Hwy., Phone: 703-765-5515; Norfotk {Virginia
Beach, 23455), 1055 Independence Blvd., Phone:
804-460-0997; WASHINGTON: Seattle, 98121, 2221
Third Ave., Phone: 206-682-2172; WISCONSIN:
Milwaukes, 53216, 5215 W, Fond du Lac, Phone:
414-873-8250.

Circle 52 on inquiry card.



Continued from page 32

1977) delivered to me in a documented form
is the “high resolution” graphics software
package. This is perhaps the best attribute
of the Apple llI's unique color graphics
orientation; its potential is shown by a
“high resolution demo” program which
| was able to get from the company, includ-
ing a number of graphic whizbangs selected
from a list of choices. Perhaps the best
in my opinion is something called the
“Spirograph,” a constantly changing color
graphic implementation of a mandala.
The illustration of photo 4 is taken from
one state of this program’s execution ap-
proximately six hours into its evolution
one evening. The program uses a random
number generator which appears truly
random (unrepeatable upon reloading from
the same tape) to control the course of
the pattern. The price of the graphics
routines is listed as $10.

Applications Software

A mixed bag of user oriented software is
available with Apple as a means of demon-
strating the system. This includes a number
of tapes with games using the display and
paddles, a ‘‘Checkbook-Home Management”
package, an excellent 16 K Star Trek game
which | have used on my system several
times, etc. Typical prices are around $10
per tape, with four tapes currently listed
in the catalog sheet. Users can expect more
offerings as time goes on. It is these appli-
cations programs, games and graphic whiz-
bangs, which provide the greatest value to
me when demonstrating the concept of a
personal computer to friends.

Documentation

Aside from having a well designed hard-
ware configuration, the Apple Il is not
hidden from the user who wants to figure
out what is in his computer. The *‘prelimi-
nary’ documentation which | have on the
Apple Il consists of a loose leaf file bound in
a report folder which has proved anything
but preliminary in terms of completeness
and usefulness. Its contents are not exces-
sively verbose, but all the essentials are
present: the specification of the syntax of
the 5K BASIC, how to access systems
software hooks from BASIC, the complete
address space map of the hardware, and neat
comprehensive drawings of all of the sys-
tem’s electronics. When it came time for me
to wire up a version of the game paddles in
the form of my own joystick hack, | was
able to turn to a page of the manual con-
taining a specification of all the signals on
the 16 pin game O connector. This manual
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Figure 1: Wiring of the joystick control box and cable. The box is shown in
photo 5. The cable used was made up of separate #18 stranded wires, twisted
after all interconnection to the plug had-been completed.

is not a tutorial on how the computer works,
but it does contain all the information
needed for the experienced experimenter to
add custom hardware to the system. A
“final” version of the manual is in prepara-
tion according to the Apple Computer Co,
but this preliminary manual is complete
enough to stand on its own.

The only items where ! found documen-
tation somewhat scanty were the Applesoft
BASIC interpreter (documentation limited
to a reference card quoting the initialization
texts on how to use it), and the lack of
documentation of high resolution graphics
to date.

Using the Apple Il: A Color Sketchpad
Program and Joystick

As a means of trying out the Apple |l
system and its documentation, | set a goal of

Continued on page 40
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Basic systems for
personal computing

If you are just getting into personal computing and are looking for a starter system,
you have two choices: a computer kit with RAM memory only or a fully assembled computer
with BASIC-in-ROM. From reading this magazine and talking to computer buffs it should be
obvious that it is desirable to have a computer capable of communicating in the programming
language BASIC: This language allows you to instruct the computer in English-like phrases
and to use any of the thousands of standard programs written in BASIC (there are probably
several in this magazine).

If you purchase a (RAM-only) computer kit you will have to buy additional RAM (4K to
8K), a terminal, and cassette interface for a total cost of about $1000 to run BASIC after you get
the kit together and working. Your reward for this endeavor will be a wait of about 15 minutes
every time you turn the computer on just to load BASIC into the machine!

Your other alternative is a BASIC-in-ROM computer. These machines have BASIC
built in so that it is there whenever the computer is turned on. BASIC-in-ROM computers are
also usually fully assembled and cost far less than the RAM-only kits because they are mass-
produced by the thousands.

But, you must be careful when selecting a BASIC-in-ROM computer. Some models
do not have full-feature BASIC. Instead they have Tiny BASIC or 4K BASIC which cannot run
most of the standard BASIC programs available. Still others have other shortcomings such as
a small calculator-style keyboard which makes program entry difficult, or most important,
lack of expansion capability, preventing the computer from growing with you.

Ohio Scientific offers you a line of expandable computers with full-feature 8K
BASIC-in-ROM. They all come fully assembled and tested, but give you the option of
economizing by supplying the simple things — power supply, keyboard and TV, if desired, so
that you get the most computer power for your dollar.

Compare Ohio Scientific’s $298 BASIC-in-ROM Model 500 Board (1MHz clock),
which has our Version 3.3 BASIC, against other small computers, as in the independent article
“BASIC Timing Comparisons” (Kilobaud, Oct. 1977, p. 23). In this test, the Model 500 excelled
over all our personal computing competitors, and was second in performance only to our
Challenger disk systems, compared against twenty-eight other computer systems. And the
Model 500 is our lowest-cost machine! Our larger models are even more dramatic in a com-
parison with any competitive models.

Having the fastest full-feature BASIC ROMs certainly isn’t the only criterion
necessary for a superior computer system, but it sure helps. Ohio Scientific offers all the other
features necessary, including a full line of computer accessories complete with 15 accessory
boards available in over 40 configurations. Many Ohio Scientific accessories are so innovative
that no one else in the industry has them — such as dual port memory boards, multi-
processing CPU’s and big disks.

Ohio Scientific has other unique features for the personal computerist. For in-
stance, there is Ohio Scientific’s Small Systems Journal, published bi-monthly, a full
magazine aimed specifically at the owners of Ohio Scientific computers. If you are looking for
a personal computer, be sure to look carefully at Ohio Scientific. We think you will find that we
have the system for you.
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Model 500 Board

A full 8K BASIC-in-ROM computer on a board. This unit
contains a 6502 microprocessor with our powerful 8K
BASIC-in-ROM, 4K of RAM memory, and a serial port
which can be jumpered for 20ma current 10op or RS-232.
The board can be plugged into any standard OSI-
backpiane and expanded by our full line of accessory
boards. The user must simply supply + 5V and — 9V power
and the serial terminal to be up and running in BASIC.
$298.00

Super Kit

An ideal starter computer system. The Super Kit includes
a Model 500 CPU Board with 8K BASIC in ROM, CPU, and
4K of RAM, full buffering for expansion, an eight-slot back-
plane board, and a Model 440 Video I/O Board. Model 440
provides full CRT functions when connected to a video
monitor or modified television set and a standard ASCII
keyboard. The user must simply provide +5V and —9V
power, an ASCII| keyboard, and a modified television set or
monitor to have a full computer system with 8K BASIC-in-
ROM, 4K user space and a CRT terminal with scrolling.
$398.00
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Challenger In-P

Our very popular fully packaged BASIC-in-ROM computer.
Challenger IIP contains the Model 500 CPU Board with 4K
of RAM, our new 540 32x64 character video display,
keyboard and complete audio cassette interface. The unit
also has internal power supplies and a four-slot backplane
with two open slots for expansion. The user has only to
connect a monitor or modified television set to its output,
and he is ready to program in BASIC. To store programs
and data files, he needs only to connect a conventional
audio cassette recorder to the built-in audio cassette in-
terface. The unit is fully assembled and ready to go.
$598.00
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Challenger II Disk Systems

The ultimate in personal computing offered by Ohio
Scientific is the Challenger Il system with single- or dual-
drive full-sized floppy disk. Each floppy stores 250,000
characters. The Challenger Il is available as a video
system with keyboard so that all the user needs is a televi-
sion or monitor for operation; or as a serial version where
the user must supply his own terminal. Challenger Il disk
systems automatically load in BASIC and now have an ex-
tensive library of high-performance programs. The pro-
grams are ideal for the advanced hobbyist, educational
users, industrial development and small business applica-
tions. Challenger Il disk systems are very economical. For
instance, a 16K disk system with 250,000 bytes of disk
storage starts at under $2000.00

For more information contact an Ohio Scientific
dealer or send $1 for our 64-page buyers’ guide.
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When considering cost effective comiputers for small business applications, the
prospective buyer really has only a few choices: Ohio Scientific’s factory-assembled fully in-
tegrated computer systems, or the multitude of “pot-luck” 100 systems.

First consider the 100 system. It is a computer system defined as a collection. of
S-100 components. It is offered by computer stores and systems houses who mix CPU boards,
memory boards, cases, mini-floppies, full-size floppies and numerous software packages
from many different vendors. In many cases the components even vary from system to
system. Unfortunately, what is often used in a computer system is simply what the computer
dealer has on hand at the moment. This may include off-brand or obsolete boards, among
other things.

The end user of these pot-luck 100 systems may experience dissatisfaction with the
system. First of all, all S-100 products are NOT compatible with each other, as is commonly
assumed. The same is true for hardware products, and most certainly for software products.
So although the user may be able to get one or more software packages from the dealer along
with the computer system, it can be a battle from there on converting software to run on his
computer.

The second problem is service. |f the customer moves or the dealer goes out of
business, the customer is out of luck because virtually no one will service computer systems
of mixed origin. The computer system might even have been built from kits since most S-100
manufacturers offer their products in kit form. Several charge outrageous prices for assem-
bled products. And then there is future expansion — this can be difficult because all S-100
products are not created equal or compatible!

We could go on with this horror story, but let us take a more positive approach and
look at the other alternative — the factory-integrated computer system. Ohio Scientific
manufactures a full line of computers and accessories which are not compatible with S-100
equipment, but are fully compatible with our full line of expansion accessories. All of our
systems-level equipment has always been available only in fully assembled form. When you
buy an OSI small business system from a dealer, you are assured of buying a standard com-
puter system that was factory assembied and tested. You can be assured of getting service
from any of Ohio Scientific’s dealers and direct from the factory, now and in the future,
whether you stay in your present location or move across the country.

A standardized system means standard software. You can order any of Ohio
Scientific’s library of diskettes, put them in your disk drive, and your system will perform
immediately. And you can make use of our large dealer-generated software library which runs
on all Ohio Scientific disk systems. Finally, regardless of the possible pitfalls with other com-
puter systems, Ohio Scientific’s Challenger Il and Challenger lll business systems stand on
their own, based on ultra-high performance and impressive performance/cost ratio. Look
carefully at the specifications of the Challenger lll system on the following page. Compare the
advantages of a factory-integrated and supported computer system with those of a computer
system of mixed origin. We think you will agree Ohio Scientific is the only sensible choice in
cost-effective small business computing.
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* Designed for small business computing.

* Uses the 510 triple processor CPU Board, runs 6502,
6800, 8080 and Z-80 programs.

* Available with up to 1 Megabyte of RAM memory; high
reliability static RAM is standard; low-cost dynamic RAM
is optional.

* Single- or dual-drive floppy disks store 250,000
characters per surface — 3 to 4 times the storage of mini-
floppies.

¢ Supports our ultra-fast 6-digit BASIC (see “BASIC Tim-
ing Comparisons,” Kilobaud, Oct. 1977, p. 23, where Ohio
Scientific out-benchmarks all of our competitors) and our
new super-fast 9-digit business BASIC.

* Powerful operating systems support all standard /O
ports including multiple terminals, line printers, video
display and disk.

¢ Disk supports: sequential, random and index sequential
files.

* Applications software, including:

WP-1, a powerful disk-based Word Processor.

DMS, a unique data-base management system which
supports continuous disk addressing of up to 250,000
characters per file.

Complete business packages including Accounts
Receivable, Accounts Payable, Ledger, Payroll, Inventory
and Taxes.

* Two factory-supported terminal options and two factory-
supported line-printer options.

¢ Optional 74-Megabyte hard disk for $6000. Reel-to-reel
mag tape coming soon.

* Optional 16-user operating system with time share and
distributed processing capabilities.

¢ Optional rack mounting and rack enclosures.

¢ Leasing programs and maintenance contracts available
through many dealers. Optional nationwide field service
coming soon.

e Challenger lil systems have extremely high
performance-to-cost ratios. For example, a system com-
plete with triple processor CPU, 32K bytes of static RAM, a
serial I/O port, dual drive floppy disks (500K bytes of on-
line storage), fully assembled, plus DOS, BASIC and a
demonstration program library costs $3481 fully assem-
bled.

* The same system complete with a deluxe upper-lower
case x-y addressable CRT terminal, 65-line-a-minute trac-
tor feed line printer and an applications software library
sells for about $6000, or rents for a little over $200 a month
on a three-year lease!
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For more information contact an Ohio Scientific
dealer or the factory. Be sure to specify your interest
in business systems.
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Photo 5: The joystick box which was implemented in order to create the
color sketchpad application of listing 1. The cabinet Is a gourmet plastic
food container obtained at a retail outlet. The box is wired according to
figure 1, which was created using the Apple 11 documentation.

Continued from page 35
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implementing a version of what was called a
“Cybernetic Crayon” by Thomas Dwyer,
Leon Sweer and Margot Critchfield in an
article we published in November 1976. The
first requirement was that of creating a joy-
stick input to replace the separate control
paddles which are standard from the manu-
facturer of Apple Il. Then with the joystick
box tested and working, | would create soft-
ware which would use the joystick and the
Apple [l keyboard to create color doodles
within the 40 by 40 matrix of the television
screen in the low resolution graphics mode
of operation.

The creation of a joystick box with the
Apple Il is a simple matter of wiring. The
manual lists the complete set of signals avail-
able at the game IO connector, a 16 pin dual
in line socket located near the rear of the
main board of the computer. The wiring is
given in figure 1, showing the essentials of
two resistance measurements inputs (PDL(0)
and PDL(1) in 5 K BASIC) and three switch
inputs. The actual box which | created is
shown in photo 5. The joystick, which was
purchased from James Electronics, has four
100 K potentiometers, of which only two
are used, one on each axis. The switches
were pushbuttons removed from an archaic
surplus digital test jig (circa 1960 technol-
ogy). The entire device was mounted in the
bottom of a gourmet food container which |
purchased retail at a shopping mall for this
purpose. (I actually had to buy a matched

set of three food containers for about $10,
of which one was the right size.) The large
hole for the lever of the joystick was drilled
first, after which holes for the four #4-40
mounting screws were carefully located and
drilled. (Use of a transparent container
helped immensely here.) Wiring according to
figure 1 was done point to point after
mounting the push button switches.

Making a Program. . .

The wiring of the actual control box was
derived directly from the documentation
which came with the Apple 1l (although it
required some knowledge of the way a 555
style timer is used to measure a resistance by
controlling the width of a pulse (see May
1977 BYTE, page 42, figure 2)). In a similar
way, the hook for use of the resistance
measurements as controls of a program is
built into the 5 K integer BASIC which is
part of the Apple [l. This hook is the built in
function PDL(x) where x is an integer from
0 to 3 corresponding to the four possible
paddles which may be used. In the case of
the paddle box of figure 1, only PDL(0) and
PDL(1) will give any externally variable
value when referenced. It is one thing to
read the cursor value for a display from
these inputs, but it is quite another to use it,
as | found.

My first attempt was to use the integer
value from 0 to 255 returned by PDL(n) as a
direct cursor control for the position of an
action being performed on the screen. The
only problem here was that when | normal-
ized the values to a range of 0 to 39 appro-
priate for the 40 by 40 matrix of points of
the Apple Il, the characteristics of my
potentiometers prevented fine control of
which point on the screen was addressed
(certain points proved totally unadddres-
sable). My second attempt was to use a
tabular transfer function to convert observed
value to a 0 to 39 coordinate value. After
this did not work well, as a final expedient |
then reduced the joystick inputs to the logi-
cal equivalent of a set of four single pole
single throw switches which would input an
effective “‘velocity” value of -1, 0 or +1 for
each axis of motion of the joystick. Once |
had an effective way of input for the cursor
motion commands defined by the joystick, |
could begin to design a program to allow
definition of color values, and depositing of
colors under control of one of the switch
inputs of the control box.

The final program, a result of several
iterations, is given in listing 1, photographi-
cally reproduced from the screen of my
television display. The program begins with
setting of the “graphics” mode with the GR
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Each boai'd T a stadout.
Together, they’re a powerhouse.

In the beginning there were boards,
thousands of them.

That'show we started in the business.

Making memories and interfaces for
other people’s computers...and making
them better.

Now that our own Sol has become
the number one small computer, you
might think we’re putting less emphasis
on our board business.

Not so.

We're just doing more creative things
with them.

One neat package gets your
computer on the air.

For example, we've built Subsystem
B, which ties together five Processor
Technology modules into a completely
integrated system that makes other
S-100 Bus computers work almost as

well as our Sol.
Circle 98 on inquiry card.
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Subsystem B includes a memory
module. three input/output modules,
a general purpose memory, and
appropriate software.

A specialized software program
called CUTER knits together
your computer and its peripherals to
create an integrated, smoothly
working system.

It’s the fastest, cleanest way to get on
line, and it costs less than if
you bought each module separately.

You get your choice of two low
power, reliable memory modules in 8K
or 16K capacity.

Our VDM-1 video display module
(still S199in kit) is the industry standard
display device with over 6,000 in use.

Our CUTS high speed. low cost
(8110 in kit) audio cassette interface is
the most reliable on the market and is
supported by our broad line of cassette
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software including Extended BASIC,
FORTRAN} PILOT¥ FOCAL and
numerous others.

And our 3P +S input/output module
offers a low cost way to handle
virtually all the I/0 needs of any S-100
Bus compatible computer system.
There are close to 10,000 in the field.
Price is just $149 in kit.

Yes, we may have become the maker
of the Number 1 small computer —
the Sol. But we haven’t neglected the
quality of our board business. We
can't afford to...because we use many
of them in our own computers.

For our most recent literature and
price list see your dealer or write
Processor Technology Corporation,
Box B, 7100 Johnson Industrial Drive,
Pleasanton, CA 94566. (415) 829-2600.

Processor lechnology

*Available soon.




Listing 1: The color sketchpad program, implemented in 5 K Apple BASIC.
Showing complete lack of form, this program is written by its author without
REM statements to explain what is going on. See the text of the article for
detailed comments.
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statement, after which a loop contained in
line 110 clears the screen to black color with
40 HLIN function calls to draw horizontal
lines across the whole screen with the last
color value (set by the statement COLOR =
0 in line 100). Lines 120 to 190 then initial-
ize several variables. X and Y are used by the
program as the current cursor values, ranging
from O to 39, initially set approximately to
the center of the screen. DEPOSIT and
ODEP are flag values used to coordinate
whether or not the cursor leaves a trail of
color. SCOL is used temporarily to store
color values. LNG is the length of the delay
loop which controls how fast the cursor
blinks, and must be an even number so that
it can be divided by 2. BLINK is the running
counter for this delay loop. The joystick
dead zone limits are defined with a request
to the user, and are the number of states
between 0 and 255 at either end of the range
which will be considered equivalent to the
nonzero velocity values for the cursor. With
entry of the value 100, the calculation of the
dead zone gives nonzero velocity if the input
from the joystick measurement is O to 100,
or 155 to 255 in that direction. With the
hardware | built for the external control
box, a dead zone of 100 is a typical useful
value; nonlinearities in the potentiometers
make lower values impossible to use, and
higher values make it very difficult to set the
joystick to dead center and stop motion of
the cursor. The variables ZD and DZ contain
the dead zone limits.

The main routine of the color sketchpad
program is found in the region from lines
1000 to 1070 of the listing. This “‘executive”
loop begins with a small loop that scans for
key input from the Apple Il’s keyboard. The
current output of the keyboard is obtained
by the magical incantation on line 1000.
Two subroutines are called in this scanning
loop at lines 1003 and 1005. The keyboard
scanning loop waits until a valid key code
(greater than 127) is returned from the key-
board before decoding a keyboard command.
The subroutine at lines 3000 to 3350 blinks
the cursor and reads the paddle, moving the
cursor according to the values XX and YY
which are input when the BLINK count has
reached zero. The subroutines which imple-
ment motion are found at lines 6000, 6500,
7000, and 7500.

Returning to the main keyboard scan-
ning loop, the second subroutine called
within this loop is found at lines 8700 to
8820, and is responsible for reading the
“DEPOSIT” switch, switch #2, and setting
appropriate flags to perform the action of
depositing a color. Eventually, at line 1010
a KEY value of an ASCIIl character code
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Turn-on

On/off conrl verywhere-
by computer over the AC wiring

Now it's simple and economical
to control AC devices remotely from
an 5-100 or Apple II computer.
Mountain Hardware's new Introl™
system delivers on/off commands
over the existing AC lines — so you
don't have to string a foot of wire!

Control at any AC outlet. The
Introl system impresses a code-
modulated 50 KHz control signal
on the house wiring. Then decodes
the signal at any outlet to switch
AC devices on and off. You can
control lights, refrigerators, TVs,
solenoid valves, sprinklers, burglar
alarms —and many other things we
leave to your fertile imagination.
With the addition of input sensors
to your computer system, you can
automatically control variables such
as temperature and soil moisture.

Here's how it works. You plug
in a single AC Controller board at
the computer bus and connect the
AC Interface Adapter to any con-
venient 115 VAC outlet. The AC
Controller is now connected to
address as many as 64 channels
remotely. But it's completely isolated

Circle 75 on inquiry card.

from the 115v power, so there's no
chance of short or shock.

At any outlet where you seek
control, plug in a Dual Channel AC
Remote. Then plug one or two
devices to be controlled into the
box. Every AC remote has two
independent 500 watt channels.
When commanded by the computer,
the Dual Channel ACRemote turns
the devices on and off independ-
ently. When polled by the compu-
ter, the Dual Channel AC Remote
sends a signal back, telling the
computer the status of each device.
Bidirectional communication pro-
vides error free operation.

Simple programming. You write
your control program in BASIC or
Assembler language. Software sub-
routines for the control programs
come with the equipment — along
with complete documentation. If
you have an 5-100 computer, you
can program on/off commands at
any day and time using our option-
al 100,000 day Calendar/Clock
Board. A self contained power
source assures fail safe operation.

Modest prices. The AC Con-
troller, for both the S-100 and Apple
Il computers, costs $149in kit form
or $189 completely assembled and
tested. Each Dual Channel AC
Remote costs $99 as a kit or $149
assembled and tested. Thus, a fully
operative system in kit form can be
yours for as little as $248.

The Calendar/Clock Board tor
S-100's costs $179 in kit form, $219
assembled and tested.

All prices aref.0.b. Ben Lomond,
CA. Prices are USA Domestic. Cal-
ifornia residents add 6% sales tax.

Where to find it. The Introl
systemn can now be found at comipu-
ter shops throughout the U.S. and
Canada. Drop by and ask for a dem-
onstration. Mountain Hardware,
Inc., may be reached at Box 1133,
Ben Lomond, CA 95005. Phone
(408) 336-2495.

AC Controller (Apple)

"“‘:{-4 ﬁ?

Dual Channel AC Remote

% Mountain Hardware

AC Controller (S-100)
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Photo 6: An example of
another product of the
color sketchpad program,
in this case illustrating a
text tag entered by the
program’s “T" command
to identify when and who
did the illustration. The
comments on the second
line of the text at the
bottom refer to an experi-
ment with the program’s
joystick dead zone para-
meter.
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with a high order bit of “1" is detected
in the range 128 to 255, and the inner
keyboard scanning loop temporarily ends.
Input of the KEY is acknowledged to the
keyboard by the magical incantation to the
hardware of POKE -16368,0 at line 1015.
(All this hardware specific information was
elicited from the documentation which
came with the system.) After the KEY has
been acknowledged, its value is checked
and one of five command routines is chosen
with a series of |F statements. |f none of
the valid commands is entered, the GOTO
1000 at line 1070 continues execution of
the keyboard scanning loop looking for a
valid command.

Turning to the implemented keyboard
commands of this color sketchpad program,
the “F" command is used to fill the screen
with an arbitrary color. The details, found
at lines 2000 to 2060, print a message to the
user “FILL SCREEN WITH COLOR="
after which the user enters a value from 0
to 15 which is range limited by statements
at 2020. (Thus if “F” is hit by mistake,
typing an invalid color value outside the
range 0 to 15 gets the user back to the
main loop without erasing the current

picture.) If a valid color is indicated, the
screen is filled with that color, erasing all
previous work.

The “C"” command is used to access
the routine starting at line 8500 which
prompts the user for a new color value
which will be used for drawing. The prompt-
ing message from an INPUT statement is
“WHAT NEW COLOR?". As in most BASIC
interpreters, the question mark comes from
the INPUT statement’s operation and the
actual string found in the program has no
question mark. The user response to this
INPUT statement at line 8500 is a value
limited to the range O to 15 by the assign-
ment statement at line 8510 using the MOD
function.

The “T" command is used to input a
text tag contained in the string T$. This
tag is typically output by a reference to the
subroutine at line 2600 prior to resumption
of the scanning loop after a command is
executed. In the example of photo 6 the
text tag was used to identify the date and
time at which the picture was composed,
and the “artist” responsible for it.

Finally, the *“J’ command is used to
reset the joystick dead zone limits in the
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THE INFORMATION SYSTEMS HANDBOOK
by F. W. McFarlan and R. L. Nolan
769/29X Pub. Pr., $35.00 Club Pr., $25.50

MINICOMPUTER SYSTEMS
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766/770 Pub. Pr., $19.50 Club Pr., $14.50

DATA PROCESSING DOCUMENTATION
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767/661 Pub. Pr., $14.50 Club Pr., $12.30
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by W. L. Hunter

770/557 Pub. Pr., $11.95 Club Pr., $9.95

APPLYING MICROPROCESSORS

New Hardware, Software, and

Applications

Edited by L. Altman and S. E. Scrupski
191/603 Pub. Pr., $15.00 Club Pr., $12.50

MICROPROCESSOR APPLICATIONS MANUAL
by Motorola, Inc.
435/278 Pub. Pr., $28.50 Club Pr., $22.50
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HANDBOOK

by B. Ward

768/749 Pub. Pr., $9.95 Club Pr., $8.45
ELECTRONIC MUSIC CIRCUIT

GUIDEBOOK

by B. Ward

768/234 Pub. Pr., $9.95 Club Pr., $8.45
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any one
of these great
professional books

for $ 89

only

values up to
$35.00

Introductory offer to new members of the

Computer Professionals’ Book Club

Special $1.89 bonus book comes to you with your first club selection

HIS new professional club is designed to meet your day-to-day on-the-job needs by

providing practical books in your field on a regular basis at below publisher prices. If
you're missing out on important technical literature—if today’s high cost of reading curbs
the growth of your library—here’s the solution to your problem.

The Computer Professionals’ Book Club was organized for you, to provide an economical
reading program that cannot fail to be of value. Administered by the McGraw-Hill Book
Company, all books are chosen by qualified editors and consultants. Their understanding
of the standards and values of the literature in your field guarantees the appropriateness
of the selections.

How the Club operates: Every month you receive free of charge The Computer Profes-
sionals’ Book Club Bulletin. This announces and describes the Club’s featured book of the
month as well as alternate selections available at special members’ prices. If you want to
examine the Club’s feature of the month, you do nothing. If you prefer one of the alternate
selections—or if you want no book at all—you notify the club by returning the card en-
closed with each Bulletin.

As a Club Member, you agree only to the purchase of four books (including your first
selection) over a two-year period. Considering the many books published annualily, there
will surely be at least four you would want to own anyway. By joining the club, you
save both money and the trouble of searching for the best books.

VALUES UP TO $35.00 WITH MAJOR DISCOUNTS ON ALL OTHER CLUB SE-
LECTIONS. Your bonus books come with the first selection, and you may choose both
of them from the books described in this special introductory offer.

EXTRA SAVINGS: Remit in full with your order, plus any local and state tax, and
McGraw-Hill will pay all regular postage and handling charges.

NO RISK GUARANTEE:
If not completely satisfied return selections for full refund and membership cancellation.

MAIL THIS COUPON TODAY
COMPUTER PROFESSIONALS/Book Ciub P.0. Box 582 Princeton Road, Hightstown, New Jersey 08520 |

— e — — Gy

Please enroll me as a member and send me the two books
indicated. | am 10 receive the bonus book al the intro-
ductory price of $1.89 plus my first selectlon, plus tax,
postage, and handling. It not completely satisfied, 1 may
return the books within 10 days and request that my member-
ship be cancelled. If ! keep the books, | agree lo 1ake a  write Code # of $1.89 bonus Write code # of
minimum of lhree additional books during the next two years book selection here first selection here I
at special Club prices (g 15% dl often

more}. | will recolveh he Club Bulletin 13 times a year. If | [ I

I
I
I
I
I
I | want to i t ; | need take no
I
I
I
I
I

Institutional tax exemption status Is not appliable to pur- I
chases made gh i d ips. All prices
subject to’ change without notice. Offer good for new mem-
bers only.

action. It will be shi ly. It, h . | want
an alternate selection—or no book at all—I simply notify the
Club by returning the convenient card always enclosed. | NAME

will always have a minimum of 10 days in which lo return
the card and you will credit my account fully, including
poslage, it this is nol the case. Membership in the club is
continuous but cancellable by me at any time after the four-
book purchase requirement has been fllled. This order cITy,
subject to acceptance by McGraw-Hill, Orders irom outside

the continental U.S. must be prepald. Company, business, or  STATE 2P I
P39330

ADDRESS
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event that the first value entered during
initialization was inappropriate.

Summary of the Apple Il

As noted at the beginning of this review,
| was very enthusiastic about the prospect
of this machine from the first word of its
existence. To be sure, there are minor
annoyances with this product in its present
state, like the mechanical problems with
respect to its case and keyboard mounting,
and the persistent problems of radio fre-
quency interference which | found using
my particular color television set as the

primary display. But such problems are
minor compared to the achievements of
this design.

Apple Il is a well executed example
of the way a personal “‘appliance” computer
should be made circa 1977. It is suited
for the relative beginner who knows BASIC
but does not know hardware design, as well
as for the advanced hacker who feels no
qualms about using the system’s docu-
mentation to create custom peripherals
for the system. For the user who wants
color graphics, the Apple Il is the only
practical choice available in the “appliance”
computer class.m

BYTE's Bugs

BPENO=N BRO-

A Flop in the Floppy

READ |3
WRITE

|
[
4
2 A}
]
[+
H
3 1c12a
@ 9 7404
=13 8 7T 2 \
1e3c
7400 /
I >
— |

The drafting bug has bitten BYTE.
The accompanying figure detail (taken
from figure 1a of David Allen’s article,
“A Floppy Disk Interface,” Jjanuary
1978 BYTE, page 61, right-hand side)
contains a number of drafting errors
inadvertently included during the pro-
duction of the article. The corrections
are circled. In addition, IC18c, a three
input AND gate, was incorrectly drawn
as a NAND gate, and the A1 and A2
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Clock Stops

| enjoyed M F Smith’s article in the
November 1977 BYTE on ‘“Using
Interrupts for Real Time Clocks.” He
did a great job in describing how to
develop and use a real time clock. So |
implemented his program on my AMI
PROTO 6800 System, only to find it
not functioning properly in updating
the clock. After examing the program
listing closer, | found the bug at line
29 of your listing on page 53. The index
compare was only index by 7 into the
constant table, it should be index by
8. After | made this change everything
worked.®
William W Barncord
Burroughs Corporation
2473 S Memphis Way
Aurora CO 80013

Joystick Gets Stuck

This letter is in reference to “An
Inexpensive Joystick Interface,” which
appeared in the March 1977 BYTE on
page 88. I'd like to congratulate Tom
Buschbach on a fine article, but there
seem to be several mistakes in the
schematic.

On the MC1408L-8, A1 is the most
significant bit. The schematic shows this
connected to the least significant bit of
the counter. The eight digital inputs to
the digital to analog converter should be
reversed in order to obtain a proper
sawtooth output.

Also, on [C2, 74193, the count up
input is shown grounded. This must be
held high to enable the count down
input.

| have constructed this circuit using a
different register chip (8212) and the
above changes, and it works very
nicely.®

William Lemiszki
424 Cambridge St
Allston MA 02134

inputs of 1C22 should be shown con-
nected together. Our thanks to the
readers who spotted these errors, and
our apologies to David Allen.®

Fractured Factors and
Walsh Function Bugs

William Jackson’s letter on page 172
of the October 1977 BYTE contains two
errors which can be corrected by re-
placing the fourth equation with:

=(y+z) + j{x—2)
and the fifth equation with:

Where x={a+b)c.

Regarding the September 1977 arti-
cle “Walsh Functions: A Digital Fourier
Series’’: in the third paragraph on page
196, one reads “Sin {11.25°)=0.09802.”
The proper value is 0.19509. The value
given is that appropriate for 11.25/2°.
The sums should be, | think, 5.13842,
—2.13578, —0.40974 and -—1.03218
in table 4. The coefficients would then
be 1, —0.4156, —0.0797 and —0.2009.
Also the signs for SAL(7) at the bottom
of the table should be PNPNNPNP.
What was printed is CAL{7).

If | have not made a mistake, the
resistors in table 5 would be unchanged,
but shouldn’t there be some differences
in the circuit diagram?

J S Lefson

6609 Cote St Luc Rd, Apt 203
Montreal, Quebec

CANADA H4V (69

Dr Jacoby replies:

Mr Lefson Is correct that SAL(7)
In table 4 Is misprinted. This can be
easlly seen by comparison to table 3 or
by knowing that the SAL functions
themselves are odd about their centers
and even about thelr 1/4 and 3/4 period
points, and thus should give identical
values to the left and right of center in
table 4.

In addltion, the values for Sin 78.75°
and Sin 101.25° are incorrect and should
read 0.98078. | belleve that the values
for the sums are correct as glven as well
as the circuit connections [compare to
flgure 3 for SAL(7)]. One point of con-
fusion here might be the signs of the
coefficlents, since they take into account
the inverting op amp configuration and
thus appear reversed.®



Application Software!

Vol. | — $24.95 Vol. Ill — $39.95

Bookkeeping Advanced Business

Games Billing, Inventory

Pictures Investments
Payroli

Vol. Il — $24.95 Vol. IV — $9.95
Math/Engineering General Purpose
Plotting/ Statistics

Basic Statement  Vol. V — $8.95

Def.

Experimenter’s
Program

You can
buy software

from anybody -

but ours works
In your system.

We only sell one product,
Quality.

We have been in business for over nine years building a reputation
for providing a quality product at nominal prices — NOT what the
traffic will bear. Our software is:

* Versatile — as most programs allow for multiple modes of
operation.
* Tutorlal — as each program is self prompting and leads you

through the program (most have very detailed instructions
contained right in their source code).

Comprehensive — as an example our PSD program not only
computes Power Spectral Densities but also includes FFT's,
Inverse-transforms, Windowing, Sliding Windows, simul-
taneous FFT's variable data sizes, etc. and as a last word
our software is:

Readable — as all of our programs are reproduced full size
for ease in reading.

Virtually Machine Independent — these programs are written
in a subset of Dartmouth Basic but are not oriented for any
one particular system. Just in case your Basic might not
use one of our functions we have included an appendix in
Volume V which gives conversion algorithms for 19 differ-
ent Basic’s; thats right, just look it up and make the sub-
stitution for your particular version. If you would like to
convert your favorite program in to Fortran or APL or any
other language, the appendix in Volume Il will define the
statements and their parameters as used in our programs.

Over 85% of our programs in the first five volumes will execute in
most 8K Basic’s with 16K of free user RAM. If you only have 4K
Basic, because of its’ lack of string functions only about 60% of our
programs in Volumes I thru V would be useable, however they
should execute in only 8K of user RAM.

All of our programs are available on machine readable media. For
those that have specific needs, we can tailor any of our programs for
you or we can write one to fit your specific needs.

Soon To Be Released—Vol. VIII.Homeowners Programs
(Includes Federal Income Tax Program)

SCIENTIFIC RESEARCH

220-B Knollwood, Key Biscayne, FL 33149

Phone orders call 800-327-6543
Iinformation—(305) 361-1153

Add $1.50 per voiume handling, ali domestic shipments sent U.P.S. except
APO and P.O. Box which go parcel post. Foreign orders add $8.00/voiume
for air shipment and make payable in U.S. doliars only.

AVAILABLE AT MOST COMPUTER STORES
Master Charge and Bank Americard accepted.

Our Software is copyrighted and may not be reproduced or sold.
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Continued from page 12

VOICE I: VIOLA 8,4’
VOICE 2: FLUTE 8'
(M.M. & =100)

M
)’\__\—’_\‘A/

*BAR
*TIME 4,4

*TEMPO 4,100

*STOPS VIOLA-8,VIOLA-4;FLUTE-8

This says play ‘‘a half note
(legato) which is the C in
octave 4," followed by "‘a
half note (normal) which is
the C in octave 4.”

2L,4C;2N,4C ==

*BAR :

4N,3A,3F 4N,3G,3E;2N,3F,3D

This says play ‘’quarter notes (normal)
A and F in octave 3,” followed by
"quarter notes (normal) G and E in
octave 3,” followed by ‘half notes
{normal) F and D in octave 3.”

Listing 1: The musical example of figure 5 written in the MUSIC language. ‘‘Normal’' means
that there is to be a slight pause between notes. ““Legato”’ indicates a smooth transition with no

gaps.

VOICE |
e

-"'-F-d-

(Z= =

| i
g
Loz )
¢ VOICE 2

Figure 5: An example of how musical notation is represented in the MUSIC

language.
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The Music Editor

An editor is a program that allows a user
to easily create and modify files (which of
course may be programs). The Music Editor
is a program that allows composers to graph-
ically create and modify MUSIC language
programs. The Music Editor is written in
Altair Extended BASIC 4.0 and runs on the
Altair 8800b system using a Magnavox
plasma display terminal.

At the simplest level, the editor allows
the user to type in and alter statements
like any text editor. It also permits the user
to copy or move blocks of statements. The
editor verifies the syntax of each statement
entered.

At a higher level, the editor can be used
to graphically display and edit data state-
ments. When entering this level, the editor
draws the staves. If an existing data state-
ment is to be altered, the notes of this data
statement are drawn; otherwise the staves

will be empty, awaiting the input of a new
data statement. The user edits a data state-
ment by moving a cursor about the staves
and entering commands. Special macro-like
commands permit the user to create and
copy chords, delete events and insert new
ones. Upon leaving this higher level, a data
statement in MUSIC is derived from the
graphic display of the staves and inserted
into a scratch file. Photo 3 shows what a
graphics editing session looks like to the
user.

Object Language

The MUSIC language is compiled into
code for a ‘“‘make-believe” machine, one
with a simple set of instructions. Thus we
can say that the object language is in pseudo-
machine code. Each object language instruc-
tion is two 8 bit bytes in length. The first
byte in each instruction is interpreted as an
operation code (op code); the second byte is
used as a data parameter. There are three
classes of object language instructions: set
port, wait, and repeat.

Op codes with values of 0 to 253 are
interpreted as set port instructions. For
example, 27-3 means turn on the right-most
two bits in port 27 (since 3=00000011 in
binary). These instructions cause the data
byte to be deposited in the port number
given by the op code itself (each latching
port has a unique address). The bit pattern
of the data byte specifies which pipe valves
attached to that port are to be opened and
which ones are to be closed. The pipe
valves will remain in that state until they
are reset by another set port instruction.

Repeat instructions (op code value of 254)
are trapped by the master system. The master
processor handles repeats by retransmitting
parts of the object program to the slave



£ S A Y —
This model features Cenlronics standard
7 bit ASCIL, parellel interface.

T
interface with parity, switch

CENTRONICS
Microprinter-Pl

POWER PAVER  SELECT PAPER
EMPTY +EED

- ON

Finally, the macro maker of computer So when you think small printers, think
printers has gone micro. With a high-speed, big. Think Centronics. For more information,
desk-top, non-impact printer complete with just clip and mail the coupon below.
parallel interface (Model P-1) that’s perfectfor . _ _ __ _ __ __ _
the home, hobby and small business user. A r B

complete 80-column printer for less than $600. CounTtnips) DRRIE Sy Coll

The new Centronics microprinter is
big on performance. It prints clean, clear dot
matrix characters at a rate of 150 lines per

Hudson, NH 03051

Gentlemen: Tell me more about your new

| |

| |

| I

I microprinters. |

minute. Yetir's quiet, compact, comes fully | |
warranted and is backed by Centronics’ | |
worldwide service. It's even available in a | deame - I
serial interface version (Model S-1) for I I
remote applications. | Address I
Of course, buying your small systems I |
printer from the industry’s leading producer | Town._ I
of printers is simply a better buy. You get the I I
security, support and systems flexibility only | Stae Zip |
Centronics can bring. Plus the targeted tech- I I
nology that brings out the bestinanycomputer. L _ _ _ __ _ __ __ __ __ __ __ ___ _ B |

CENTRONICS'PRINTERS
Simply Better
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SURATIONT 4nd

Voice 2
Listing 2a: An example 45

of how the program in _‘11",;.00
listing 1 is compiled in  _3pp

MUSIC. The first step 43

is error checking, fol- —‘11200
lowed by the pro- _300
duction of interme- gé

diate code for each _35400
voice. —600

14 1
27 32
28 2
255 48
27 0
28 0
255 12
(27 144
255 48
27 0
255 12
27 36
255 96
12 0
14 0
27 0
255 24

Listing 2b: Here the com-
piler combines the voices
in listing 2a to produce
the final object code.
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This means turn on the bit pattern for 4
in Port 12:

PORT 12 [00000100

This bit goes to 4C in the viola rank.

C from Voice 1 on 8 ft viola
C from Voice 1 on 4 ft viola

The F-A chord in Voice 2 on 8 ft flute
Wait for 480 ms
Clear the chord in Voice 2

The note 4C is 48 half tones up from Cg

A legato half note gets a timing of 3000 units
This is the second C

Timing for a normal half note

Pause after a normal half note

This is 3A

This is 3F

Timing for a normal quarter note
Pause

This is 3G

This is 3E

Timing for a normal quarter note
Pause

This is 3F

This is 3D

Timing for a normal half note
Pause

Pause 120 ms (space between chords)
The E-G chord in Voice 2 on 8 ft flute

This says turn on the bit pattern for
144=128+16 in Port 27:

PORT 27 [10010000

This bit goesj h‘This bit goes
to 3G in the to 3E in the
flute rank. flute rank.

Photo 3: The authors’ Magnavox plasma
display terminal during an editing session.
Notes and chords can be created or modified
by moving a cursor to the desired position.
Entire musical phrases can be copied if
desired. Chords or whole measures that
repeat need be entered only once.

processor as specified by the data byte of
the repeat instruction.

The wait instruction has an op code value
of 255. The second byte of the:instruction
is interpreted as a nonnegative integer. This
byte's value fixes a delay period computed
in 10 ms units. For example, 255-60 means
wait 600 ms.

An object program consists of a series
of “frames.” Each frame contains zero or
more set port instructions and is terminated
by a wait instruction. A frame is executed
by the slave computer by first executing all
set port instructions in a frame almost
simultaneously. The set port instructions
cause some pipes to be turned on and
others to be turned off. If a particular port
is not addressed by any set port instruction
during a frame, this port’s pipes remain in
their current state. This new pipe state
lasts for the duration given by the frame's
wait instruction. At the end of this duration,
the next frame’s execution begins. Thus
each frame causes a combination of pipes
to be played for a set length of time. An
example of an object program is given in
listings 2a and 2b.

The execution of the object program is
controlled by two performance programs
that couple the master and the slave compu-
ters together. There are two reasons why we
decided to use a pair of computers to handle
the performance of the music: one, the
correct latching output ports were already
available on the Intellec, and, two, the
slave could handle all the real time demands
while the master handled the retrieval and
loading of “pages” of the score from the
diskette. (A page is defined as 256 bytes
of object code.)’

The slave microcomputer’s memory acts
as a circular buffer. The master initiates an
object program execution by sending a



Gortellit to
your computer for *189.

You can have
low cost
voice entry

toyour .
corsxrlputer with

SpeechLab.

Heuristics’ original
Model 50 SpeechLab™ at $299
was a great success. So, not
content to rest on our laurels,
we went back to our design
bench and came out with the
Model 20. It sells for $189
completely assembled and tested
for use with any S-100 Bus
computer such as Sol, IMSAI,
Altair or Cromemco and as
the 20A, the Apple.

Now obviously, we had to
do a few things to bring the
price down. The Model 20 has a
somewhat shorter manual.
Technically, it’s not quite as
complex. Don’t kid yourself
though, the Model 20does areal
job. You can control your
computer to do such tasks as
data entry, quality control
and everything else where you
want a “hands-off” operation.
Elsewhere in the ad we've illus-
trated some examples of the
kinds of things you can do.

About the Model 20

Heuristics’ new Model 20
handles up to 32 words. Software

Circle 53 on inquiry card.

is ROM based. The Model 20
uses 64 bytes per spoken word
which is callable from BASIC.
Hardware includes
2 band pass filters with 2 bit
amplitude, 2 zero crossing
detectors and a linear amplifier.
The combined hardware/
software/lab manual includes
10 experiments.
The ROM based speech
recognition program occupies
2K bytes of ROM.

The Model 50, still a great
buy at $299.

Here’s an S-100
compatible system (8080 or Z-80)
capable of handling a 64 word
vocabulary using 64 bytes per
spoken word. You'll get high
speech recognition.

Software includes
SpeechBasic BASIC program-
ming language in source and
paper tape, assembly language
speech recognition program
in source and paper tape, hard-
ware and self-test program
in source and paper tape.
SpeechBasic plot, correlation,
recognition and advanced
recognition programs are
offered in source.

The assembly language
program uses less than 4K
bytes for a 32 word vocabulary.
It loads at 100H. A high core
versionisavailable. SpeechBasic
BASIC interpreter loads at
0 and requires 8K. A diagnostic
program is included.

Documentation includes
a 275 page lab manual with 35

experiments and a 100 page
hardware manual. All manuals
are now available as separate
items. The big manual is ideal
for schools and colleges as
an introduction to speech and
pattern recognition.

Hardware includes 3 band-
pass filters (6 bits amplitude),
1 zero crossing detector, a linear
amplifier, compression ampli-
fier, 6 bit A/D converter and a
beeper. The raw waveform
is available for advanced experi-
ments. A new noise cancelling
microphone is also offered.

Prices (f.o.b. Los Altos, CA)

Model 20A (Apple) $189
Model 20S (S-100 Bus) $189
Model 20 manual $ 15
Model 50 $299
Model 50 lab manual $ 25
Model 50 hardware

manual $ 15

(both manuals $35)
Model NC-1 noise
cancelling microphone $ 85

More information.

For more information
visit your nearest computer
store. Most dealers now carry
the Heuristics line. Or if more
convenient write for literature.
Please address Heuristics,
Inc., Box B, 900 N. San Antonio
Road, Los Altos, CA 94022.
Phone (415) 948-2542.

Heuristics
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header message to the slave. The master
then waits for a Block Request (BR) message.
At the receipt of each BR message, another
page (256 bytes) of the object program is
sent to the slave.

After receiving the header message, the
slave sends enough BR messages to fill its
memory with object code. After receiving
enough pages or an end of program instruc-
tion, the slave starts executing the object
program. After finishing one page of object
code, the slave sends out a BR message.
The next page sent is placed in the space
released by the previous page that was
executed. The execution of the object pro-
gram and the refilling of the buffer pro-
ceed concurrently.

After sending the entire object program,
the master processor ignores all further
Block Request messages. When the slave
executes the end of program instruction
(which is a WAIT instruction with duration
zero), it sends a completion message back
to the master processor. The master proc-
essor can then inform the user that the slave
is ready to accept another program.

This performance system software consists
of two programs. The ‘slave’’ program is
written in intel 8080 assembly language.
Its machine code representation is stored
on read only memory in the slave micro-
computer. The “master”’ performance pro-
gram is written in Extended BASIC 4.0 for
the Altair 8800b computer.

The Compiler

The compiler accepts a MUSIC language
program and outputs an annotated listing
file. If no errors are detected, an object
program is then generated and saved on a
diskette as a file. Thus the compiler’s work
can be divided into two phases: error check-
ing and code generation.

The error checking consists of two types
of operations: syntax verifying and context
checking. A syntax verifier examines each
statement to insure that it conforms to the
rules of the language. For context commands
it checks for corréct number and types of
arguments and correct placement of this
statement in the measure. The repeat com-
mand’s arguments and placement are checked
and the nesting of these statements is veri-
fied. Data statement arguments are checked
for syntax correctness.

In addition to syntax, the context correct-
ness of data statements is checked. The
number of data statements in a measure
must equal the number of voices currently

active as declared by the last STOPS com-
mand encountered in the program. The
duration of each data statement must equal
the measure duration as declared in the
currently active time signature. This checking
is a real help to the composer since it handles
all the petty details.

The code generation phase of the compiler
is divided into four operations: generating
repeat instructions, handling context com-
mands, processing data statements, and
coordinating measures.

Each repeat command causes one object
code repeat instruction to be generated.
Repeat instructions cause all the data
between HEAD and TAIL commands to be
used twice.

The context commands serve a function
similar to declaration statements in con-
ventional computer languages. Their main
function is to alter the values of the global
arrays and variables that determine the note
address and note timing calculations. A note
address is a number that relates a note to a
pipe, while a timing determines how many
milliseconds the associated notes are to be
held.

The data statement handler processes
the data statements to determine the notes
to be played for a particular measure. Each
voice has its own First-In-First-Out (FIFO)
queue for storing information about the
events of the current measure. As each
event in a voice’s data statement is proc-
essed, its FIFO queue is filled from the top
down. First the notes of the event, then the
duration of the event, and finally the dura-
tion of the pause between this event and
the next one are placed on the queue. At
this stage, note values are stored as integer
numbers representing a number of semitones
above a base pitch, without regard to stop
settings. The durations are computed in
basic time units regardless of the current
tempo setting. The durations are stored as
negative numbers in order to distinguish
them from note values. Figure 6 shows
the general format of a queue for one voice.
It represents a sequence of four chords with
a rest between the last two.

In this example there is no pause duration
between events 2 and 3, indicating that event
2 is played legato with event 3. Event 4 has
no note values,therefore it is arest. Glissandos
and tremolos are treated like event macros.
They are translated into a series of events
by the data statement parser before they are
processed onto the queue.

After each voice in a measure has been



parsed, the voice coordination routine gene-
rates the object code using the following
algorithm:

1. The duration counter for each active
voice is set to 0.

2. The duration counter for each voice is
examined. Those voices with a zeroed dura-
tion counter have their top sequence removed
from their queue for processing. (A sequence
is all the information from the top of the
gueue down to and including the first dura-
tion of pause found.) The sequence’s duration
is stored in the voice's duration counter.

3. The voice’s bit map is cleared. (The bit
map is an array of bits where one bit is used
to represent the state of one organ pipe.) As
each note value of a voice's sequence is proc-
essed, it is expanded into as many note
addresses as the number of stop settings
defined for that voice. Each note address
generated causes a particular bit in the
voice's bit map to be set to 1.

4. All the voice bit maps are ORed into a
master bit map.

5. The master bit map is compared to the
previous master bit map.

6. Those output ports whose bit pattern
has changed generate set port instructions
with the port's new bit pattern as the data
byte of that instruction.

7. To generate the wait instruction, the
duration counter for each voice is examined
and the minimum duration is found. This
minimum duration is subtracted from each
voice's duration counter.

8. The minimum duration is multiplied
by the tempo variable to yield the actual
timing of the object code frame produced. If
a frame is within an accelerando or ritard
passage, the timing is altered to reflect the
gradual change in tempo, the tempo variable
is updated, and the duration remaining in
the tempo changing passage is decremented.
The final actual timing is used to produce a
WAIT object code instruction.

9. The current master bit map is labeled

as the previous master bit map.
10. The routine now goes back to step 2
if all the queues are not empty; otherwise
the next measure in the MUSIC language
program is processed.

The queues should empty simultaneously
since each voice's data statement should
have a duration equal to the one set by the

time signature. (This is checked during
phase 1 of the compiler.)

The above algorithm was designed to com-
pile multivoice music efficiently. An impor-
tant feature of this algorithm is that it
allows more than one voice to share the
same rank of pipes. In addition, it permits
the user to generate from each note speci-
fied many pitches through the stop setting
mechanism. Since the stop settings are per-
formed through software, a user can trans-
pose each note of a voice any number of
tones and into any rank of pipes. Listings 2a
and 2b show how the above algorithm works
for the simple two voice example given in
figure 5.

Future Plans

While the system described here is not
meant to compete with large dedicated music
research systems, it nevertheless has several
advantages over a number of other computer
controlled music systems. Currently, we
have two ranks of pipes with 64 pipes in
each rank. However, additional ranks of
pipes could easily be added to the system.
Each 64 pipe rank requires only eight more
latching output ports. The theoretical limit
for an Intel 8080 based system is over 2000
pipes. Microcomputers that use memory
mapped |10 could conceivably control
hundreds of thousands of pipes.

The system can be extended to other
musical instruments. By using solenoids,
any keyboard instrument can be controlled
through the output ports. Alternatively,
the solenoids might be placed inside the
instrument, driving something like the jacks
in a harpsichord directly. To play the harpsi-
chord along with the organ would just require
the addition of a harpsichord stop to the
MUSIC language.

Electronic synthesizer music is not incor-
porated in our system because of the high
cost of the special hardware needed, but at
least three low cost analog output boards
designed for Altair (5-100) bus microcompu-
ters have recently been announced. It seems
reasonable to expect that the MUSIC lang-
uage could be applied to these new pieces of
hardware.

The voice concept has some application
to “synthetic’’ music composition because
it allows the user to create new timbres by
specifying nonstandard overtone ranks (eg:
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a 3.1416 foot flute). By assigning dummy
stop settings to certain voices, the composer
can also isolate the effect of these harmonics
during a test performance.
We are planning to eliminate the need to
note l compile and save object programs. An assem-

chord note
note
duration
pause

event 1

G e bly language version of the compiler is being
note event 2 . .

duration written that will interpret MUSIC language
programs in real time. This will be done by
{note sending the bit pattern computed in step 6
chord note event 3 of the measure coordinating routine to the
g::—::on designated output port and use the time
value generated in step 8 to set an interval
rest {duration event 4 timer. This new software system will allow
a user to interact with a performance. We
chord :g:: also hope to build a subsystem to capture
S TARE keyboard performance and translate it into

duration a MUSIC language program.
pause Aside from musical application, the pro-
grams written for this system can be used
Figure 6: The general format of a queue for as a realistic basis for explaining many
one voice used in the MUSIC language. important concepts of computer science

in a context that removes much of the
mystery surrounding computing. In many
ways, this could be the most useful contribu-
tion of the music system, suggesting as it
does that the teaching of complex ideas
has much to gain from a liaison with the
creative arts.m

A Glossary of Some Musical Terms

Accelerando: A direction telling the musician to
make the music gradually faster {increase tempo).

. 1 f ’ Bar: Vertical line on the musical staff separating
" - : : the measures of music. Sometimes used as a
BET y % e ’ — synonym for a measure.
L

o ‘ \ | = = -
| Glissando: A rapid sliding up or down the musical
YOU DIDN T RNOW! 3 %
TR "

at andine A

OAE'S new PP-2TOB/16 Al Paring Key Signature: The sharps or flats placed after a
PROM Programmer is the ; musical clef to indicate the key.
only programmear w tum carmet trimmers (for

) cisi lse width ane . R . -
these fe 1ur_F::-'._1 o : - 1||1:JI::1I-IE| Eﬁ 1:,7;‘;1:1, ang Legato: A direction telling the musician to play

] F-H'-«'T;‘ !'L_:;;-I-‘"m All package a handsome in a smooth and connected manner.
omplax intar- A
PP-2708/ Ritard: A direction telling the musician to make

the music gradually siower {decrease tempo).

KIT
PP-2716 (Programs

2718) ..t ‘:'I.I'!‘ T F“ B Semitone: The interval between two tones in the

chromatic (well tempered) scale {ie: the distance
between Ab and A is a semitone).

Staccato: In a broken or clipped manner.

Tremolo: Effect produced by the rapid repetition
of a note.
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Welcome to.the Real World

: : ."T)'__i '

o A e A8

with the Real-World Interface from The Digital Group

A computer should have a purpose. Or as many
purposes as you can imagine. Because a computer
belongs in the real world.

And now, the Digital Group introduces the Real-
World Interface. A system component that’s actually a
system in itself, and specifically designed to help you
get your computer to control all those tasks you
know a computer can control so well.

Automate your sprinkler system. Heat and cool your
home. Guard against burglars. Shut off lights . . . It’s
all a part of the Real World, easily controlled with the
Digital Group Real-World Interface.

QOur Real-World Interface is initially made up of three
basic components — motherboard and power supply,
parallel CPU interface and cabinet — plus three types
of plug-ins: AC controller, DC controller and
prototyping card. The recommended software
packages are Convers, Assembler or Maxi-Basic, in
that order.

Some of the features include:

Motherboard & Power Supply

® 12 slots — 11 control cards, one for the interface
card

e +5V DC+5% @ 1A, +12V DC 5% @ 1A, -12V DC
+5% @ 1A contained on board

e May be free-standing (with care)

Parallel CPU Interface
e All buffering for Data Qut (25 TTL loads), Address
(25 TTL loads) and Data In (10 TTL loads)

Circle 37 on inquiry card.

¢ Includes cable and paddlecard for connection to dual
22 on Digital Group CPU back panel. Two 22-pin
edge connectors included

® Requires two output ports and one input port

AC Controller

e Eight output devices (2N6342A-2N6343A, -12 amp
Triacs); Each output 240V AC max, 12A max RMS

e Control AC motors, lamps, switches, etc.

e Opto-isolated (MCS-2400 or equivalent)

DC Controller

e Eight output devices (2N6055) each output up to
50V and up to 5A

e Control DC motors, switches, solenoids, etc.

e May use internal +12V DC for load or external DC
up to 50V DC

Price

® For the motherboard and power supply, parallel
CPU interface and cabinet, our kit price is only
$199.50, or $260 assembled. Now that’s down to
earth.

We’ve only just begun our Real-World Interface
System. There are many more plug-ins and
applications coming along soon. So write or call The
Digital Group now for complete details.

And welcome to our world.

(the digitel grovp )

P.O.BOX 6528 DENVER, CO 80206 (303)777-7133
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Jef Raskin
POB 511
Brisbane CA 94004

The
Microcomputer
and the

Pipe Organ

Photo 1: Pipe organ con-
sole shown in the home of
the author’s colleague, [im
Brennan, who did the cus-
tom installation work. The
console was obtained from
a church in Pasadena CA.
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One night | got a call from a man who
had been wandering through the personal
computer stores in the area. He was looking
for a computer to operate his huge pipe
organ. Inevitably, he was given my phone
number, since | had been going around to
the same stores telling everyone that | was
working on a controller for my pipe organ.

There are several gimmicky reasons for
wanting to attach a computer to an organ.
My reason is that the combination can pro-
vide the performer with a more flexible,
easier to play instrument. And then there are
all those gimmicks. As it turns out, using a
microcomputer can be less expensive than
conventional console wiring. Before we get
into the subject too deeply, the ‘‘organiza-
tion” of the king of instruments should be
made clear.

The performer sits at the console. The
performer’s hands rest on one or more key-
boards called manuals. There are usually
from two to four manuals. The feet play on
a set of keys placed beneath the bench called
the pedals. On most organs since the late
1800s, the console is separate from the rest
of the instrument and is connected to it by
means of electrical cables. As with the com-
puter, the console is the ‘““command center”
of the instrument. In addition to the key-
boards there are a number of other controls
on the console that will be discussed later.

Blockflotes and Zimbels

The sounding portion of the organ con-
sists of many pipes. Each pipe sounds one

note. There are typically many different
pipes for a given note, each of which has a
different sound quality or timbre. A set of
pipes, all of similar timbre, one for each key
on a manual, is called a rank. Each rank has
a name, many of which are hallowed by
centuries of use. Some, like digpason (dia
pay zen) or bourdon describe sounds that
are characteristic of organs and nothing else.
Others, such as trompette or blockflote are
reminiscent of trumpets and wooden flutes,
respectively. Obviously one rank is a min-
imum for an organ. (Renaissance portative
organs had one rank.) A small organ usually
has three or four ranks, controlled from two
manuals. The one being installed in my
house has 26 ranks. A large organ will have
70 or more. The organ owned by my friend
mentioned above has 140 ranks. That is very
large, and only a few cathedrals have more.

Each rank has 61 pipes, as there are 61
notes on a manual. Thus for a pipe organ of
a 100 ranks there are 6,100 pipes. Each rank
is turned off or on by a knob or switch
labelled with the rank’s name. These knobs
are called stops. (The terms stop and rank
are sometimes used interchangeably, but in
this discussion rank will refer to a set of
pipes, and stop to the controlling knob.)

A large organ often has four manuals
(named great, swell, choir and echo or posi-
tiv) each having 61 keys, a 32 note pedal-
board, 100 or so stop knobs, and a few
dozen assorted controls. Thus there are
about 500 controls that the organist must
manipulate: a complicated instrument,
indeed.



LEARN Microprocessor
Operation, Interfacing and
Programming with

The New
HEATHKIT

Microprocessor
Course!

Here’s the knowledge you need
to really use your computer’'s power!

The more you learn about computers, the more you'll appreciate
how important it is to fully understand microprocessor operation
and techniques — and here's the easiest, fastest and lowest-cost
way to do it! Using Heath’s proven self-instruction techniques, the
Course gives the knowledge you need to expand your computer
interests wisely — and to fully utilize the immense power your own
personal computer puts at your fingertips.

Working with the popular 6800 microprocessor, you'll explore
this exciting field in 3 easy steps! In step 1, using proven self-in-
struction text materials, you'll learn about micro-computer basics,
number systems and codes, computer arithmetic, programming,
6800 capabilities and interfacing and more. In step 2, with the aid
of audio visuals included, you'll go deeper into programming, de-
signing with microprocessors and semiconductor memories.
Then, in step 3, you'll actually perform 19 “hands on’’ experiments
with the optional trainer designed to reinforce the theory you've
mastered to that point!

The ET-3400 Trainer kit, designed to accompany your course,
features the popular 6800 microprocessor. it is actually a miniature
digital computer in itself, compiete with a: 1K ROM monitor pro-
gram; 6 digit LED display for address and data readout; 17-key
hexadecimal keyboard for entering programs, data and control;
256 bytes of RAM (expandable to 512 bytes with the chips sup-
plied in the course); breadboarding socket; 8 buffered LED's for
display of logic states; 8 SPST switches for binary input plus an
on-board power supply with +5, +12 and — 12 volt outputs.

The Course comes complete with 62 electronic components, in-
cluding a 6280 PIA, two 2112 RAM's, a 1406 digitai-to-analog
converter, 741 and 301 op amps and more. includes audio visual
aids such as an audio cassette, colorful flip charts and pro-
grammed learning text material in two deluxe permanent binders.

Complete the optional exam and receive a Certificate of
Achievement and 8.0 Continuing Education Units (CEU’s) — a na-
tionally accepted means of recognizing participation in non-credit
adult education. (Note: Microprocessor Course requires comple-
tion of Digital Techniques Course or equivalent knowledge.)

.................... $2699°

(Add $3.06 shipping and handling)

ORDER ETS-3400
(Course and Trainer kit)

FREE

SOLDERING IRON!

Inciuded with rmr Course al no
axira cosl — this pencll-siyle sold-
ering lron that's perfect for printed
clrcull work — a 87,95 comparable
value — yours FREE!

’
GoG00000000000000000000000000000000000000000¥¢,

MONEY-BACK GUARANTEE!

If you are not 100% satisfied with your Heathkit
Course, we will refund the full purchase price of
the course text material, less trainer.

00

FOOBG000000000¥

200000000000

200000000000000060000000000000000000000000099
NEED DIGITAL TECHNIQUES TRAINING?

Comprehensive Digital Techniques Course — the background you need
to understand computer and modern electronics technology! Digital fun-
damentals, semi-conductor devices for digital applications, Boolean
algebra, flip-flops and registers, sequential and combinational logic cir-
cuits, digital design and an introduction to computers and more! The
course includes programmed instruction text, audio-visua!l aids, parts
for experiments and more.

Digital Design Experimenter/Trainer lets you perform all the experi-
ments in your course, then develop and test your own projects.

Features solderless breadboard sockets, 4 binary data switches, 2
‘no bounce” switches to pulse logic circuits, 3-frequency pulse clock
generators, 4 LED's for visual indication of logic states plus 3 regulated
power supplies. Upon completion of the optional final exam, you receive
a Certificate of Achievement and 4.0 Continuing Education Units.

ORDER EES-3201 (Course and Trainer Kit) ............... S'"995
(Add $3.64 shipping and handling)

SAVE TIME--ORDER BY PHONE Call (616) 982-3411

HEATH

Schlumberger

Gentlemen: Please send me the item(s) checked below and
include my FREE Soldering iron.
O Microprocessor Course and Trainer (ETS-3400) $269.95
(+ $3.06 shipping & handling)
O Microprocessor Course only (EE-3401) $89.95
(+$2.23 shipping & handiing)
[ Microprocessor Trainer kit only (ET-3400) $189.95
(+ $1.69 shipping & handling)
[ Digital Techniques Course and Trainer kit
(EES-3201)

Heath Company, Dept. 334-392
Benton Harbor, Michigan 49022

$119.95
(+ $3.64 shipping & handling)

Prices subject to change without notice

Circle 52 on inquiry card.

OR, MAIL COUPON TODAY!

| enclose [Jcheck [Q money orderfor$_____ ; OR,
(Michigan residents, add 4% sales tax)

CHARGE to my [J VISA/BankAmericard [] Master Charge
Account # Exp. Date
Master Charge Code #

Signature

Necessary to send merchandise

NAME.
Please print
ADDRESS.

CITY.

STATE ZIP
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Photo 2: A view of three
ranks of organ pipes in the
living room, including a
Rauschepfeife, left, Holtz-
regal, center, and Zimbel
bass on the right. Each
rank has its own particular
tonal color.
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Key Decisions

And now we come to the microcomputer.
It must keep constant watch on 500
switches and control some 6,000 relays, one
for each pipe. It must never miss a switch
closure or release, and must operate the
correct pipes (sometimes dozens simui-
taneously) within 1/20 of a second. Is this
within the capabilities of an 80807 As it
happens, it is. But not without a bit of
tricky 1O design and some swift algorithms.

For completeness, it should be mentioned
that some ranks are not exactly 61 notes.
“Unified” ranks often have 75 pipes, and
some special ranks have fewer than 61. But
fortunately these exceptions are easily
handled. The problem is simplified in some
organs (a little) by sets of ranks grouped into
“straight”’ chests. Instead of each pipe
having its own electrically operated valve
(a “unit” chest), each rank in the chest has
a valve. Then all notes of the same name
(such as all Cs or all F#s) have one valve.
This loses some generality, but requires
fewer valves and electrical connections. For
M ranks of N notes each, a “straight” chest
requires M+N valves. A “unit” chest has
MxN valves.

Organs also traditionally have couplers,
which operate either within a keyboard or
between keyboards. An intermanual coupler
has the effect of operating a note on one
manual when you press the corresponding
note on another. (On some old organs both
keys actually move when you press one of
them. This may have given rise to *phantom
of the opera” stories.) A coupler that works

within a keyboard plays a note typically one
octave higher or lower than the key you are
playing, but on the same keyboard. Intervals
other than an octave are also available on
some organs.

An organ is also separated into divisions.
These have the same names as the manuals:
typically, great, swell, choir, echo and
positiv. The pipes played by the pedals form
another division: the pedal division. Each
rank belongs to exactly one division. In the
traditional organ, a manual can play pipes
only in its division. You can couple manuals
together, but it is impossible to play a rank
in the swell division from the great manual
without playing a// stops that are pulled in
the swell division from the great manual.
This separation into divisions has no musical
benefits, but is done merely to simplify the
construction of the switching in the console.
By means of a microcomputer, divisions can
be eliminated. The organist can then inde-
pendently assign any rank to any keyboard.
This is the first of a number of nongimmick
improvements that can be appreciated by
any organist.

The switching in the traditional organ is
done by the most incredible collection of
electrical, mechanical and pneumatic
switches imaginable. That it works at all,
being made mostly of slats of wood and
strips of leather with silver wires for con-
tacts, seems miraculous. It is not surprising,
then, that freedom in interconnection has
been restricted in the past.

The wiring from the console to the pipes
over distances from ten to over 100 feet
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reminds one of a cross between the innards
of a computer before the mother board was
invented and a telephone company switching
office. A major advantage of the computer-
ized organ is the elimination of most of this
wiring. In a very large organ, the cost of the
computer system may be /ess than the cost
of the cabling alone.

When an organist plays a piece, it has a
characteristic sound quality produced by a
judiciously selected set of stops being acti-
vated. A particular collection of stops is
called a registration. 1t is usually desirable to
be able to store such combinations. There
are a number of buttons called pistons which
recall combinations of stops. Logically
enough these collections of stops are called
combinations or presets. There are often a
few fixed presets, and a number of pistons
are provided whose registration the organist
can change at will. Another advantage of
the computer controlled organ is that many
more presets are available. 4 K bytes of
memory can store hundreds of different
presets, more than on any conventional
organ. This amount of memory costs less
than one preset done mechanically! And
it’s a lot easier to install.

Consider what happens when a single key
is pressed. First, any keys that are coupled
to it are also activated on its keyboard as
well as on other keyboards. For each of
those resultant keys, as well as the original
key, the applicable stops must be looked up.
If there are two couplers and four stops
activated for each of the three keyboards
involved, no less than 12 pipes must sound.
When playing a full chord with many
couplers and stops engaged, it is not un-
common for 500 pipes to be operated
simultaneously.

Getting Organized

A number of schemes were concocted for
driving the pipes and reading the keys. One
scheme, which has been used on smaller
organs for computer contro!, was to have
each key send out a unique code. Each pipe
recognizes its own address. The computer
would receive key codes as well as stop and
coupler codes, and compute the appropriate
pipe addresses. A decoder at each pipe, as
well as a diode matrix or other encoder for
the console, would be required. Since on a
large organ there are over 212 pipes, even a
12 bit code would not be long enough.
This would mean assembling two 8 bit
words for each pipe. Putting out over 500
of these in 1/30 of a second (considering
the number of steps required in the pro-
gram) would have been impossible. Further,
the cost for decoders at each pipe is

prohibitive. This ruled out going to a 16 bit
computer, since it wouldn’t help the decoder
problem, and a larger word size seemed to
hold few advantages in any other way.

Cost alone ruled out the brute force
approach of using a very fast computer.

Another way to get high data rates from a

microcomputer would be to use direct
memory access (DMA) circuitry. With this
scheme one DMA device scans the keyboard
continuously and enters key depression and
release information into memory. The main
processor (at its own rate) scans the key-
board image in memory and constructs a list
of pipes to be played or quieted. Another
DMA scans the list of pipes and controls the
pipes accordingly. In essence, three com-
puters would share the same memory and
would run asynchronously, each going as
fast as conditions allowed. This seemed
feasible, and is necessary for larger organs.
But for smaller organs the DMA is not
needed, as will be seen.

Part of the solution lay in hardware. At
one extreme of decoding (as explained
above), each pipe has its own decoder. it
would be more efficient for each group of,
say, eight pipes to have a decoder which de-
tects its code and then accepts the next byte
as controlling eight pipes in parallel. The 8
bit control byte 10001001 would mean that
the notes C, E and G are to be played, while
leaving C#, D, D#, F and F# silent. This
would reduce the number of decoders by a
factor of 8, and then operates eight pipes
at a time. This was fast enough in the 10
department, but the time required to as-
semble the control bytes by masking or
rotation was too great. A microcomputer
handles bytes with great efficiency, but
manipulating individual bits takes signi-
ficantly more time. A number of algorithms
were considered, but it was apparent that
they were not suitable.

At the other extreme from a decoder for
each pipe is the idea of having no decoders
whatever. This idea was put forward early in
the design effort, but was discarded as ridic-
ulous. In the end it became clear that the
idea was not only feasible, but fast and
cheap to implement in hardware. It also
made the software much easier to design. It
works like this: A very long serial-in/parallel-
out shift register is made. It will have at least
one output for each pipe. Using available
8 bit shift registers, the 140 rank organ’s
2000 electrically operated valves require
about 250 shift registers. (The 7000 pipes
require only 2000 controlling lines since
most of them are on straight chests.) In
effect we build a 2000+ bit shift register,
a long ‘“tube” through which 1s and



The Dumb Terminal
lets you put it all together.

With the new, lower-priced Dumb Terminal™ Kit, that is. electronic components. Naturally, you also get illustrated,
Pick one up and escape, once and for all, the headaches step-by-step assembly instructions, not to mention an
of scavenged teletypes and jury-rigged TV sets. With just  easy-to-understand operator's manual.
a little time and aptitude, you can have a live and working So, if you'd like more input on the Dumb Terminal
Dumb Terminal right in your own home, garage, or Kit, just fill out the coupon and we'll send you complete,
business. One that lets you get it all out of your system free information.
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the Kit, you can build yourself the same, old
basic Dumb Terminal that's been selling over
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features like a bright 12" diagonal screen.
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positive action switches that let you activate
functions like | of 11 different baud rates, an
RS232C interface, or a 20mA current-loop.
And more. Not bad for Dumb

All you need, besides the Kit, is |
some jnitiative, and a few basic
tools — a good soldering iron,
wire cutters, needle-nose pliers,
and one or two trusty screw-
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0s flow in single file. When all the 1s and Os
(standing for pipes sounding or silent) reach
their correct positions, a command (strobe)
is sent operating a/l the pipes at once. If the
process is to take 1/60 of a second, the shift
register has to move 2000 bits in that time.
But this is a raté of 120,000 bits per second
(120 kHz) which is within the capabilities
of the shift register and the computer but
a bit beyond an unaided 8080. Remember
that these calculations are for a mammoth
size organ. Most organs are significantly
smaller and the problems are correspond-
ingly easier.

A similar approach is used for the key-
boards. There exists a 33 input parallel to
serial converter made for electronic organs.
Just two of these integrated circuits would
suffice to encode an entire manual. The 500

Photo 3: Another view of the organ showing the swell chest and echo chest.
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controls could be transmijtted serially to the
computer in 1/200 of a second at 100 kHz.
The interface would require fewer than 20
“critters.”” Again, this is for a huge organ.
My own home organ would require only ten
integrated circuit chips for its console.

The hardware for a large organ can now
be summarized. A 500 bit parallel to serial
converter for input, a 2000 bit serial to
parallel converter for output, one input port
and one output port are required. Each pipe
also needs a power transistor to handle the
0.5 A at 14V required by the valves (this
is a typical figure). Some of the larger pipes
might require two stages or a Darlington
power transistor, but there is no real diffi-
culty in the design. Another side benefit
accrues at this point: Many pipe organs use
electro-pneumatic valves for each large pipe.
This is because an all electric valve opens
too suddenly. To solve the problem, the
traditional builders designed the electrical
valve to let air into a small bellows which,
in turn, operates the valve that lets air into
the pipe. A pair of resistor-capacitor (RC)
networks and a diode in the base circuit of
the power amplifier for each pipe can give
the desired slow attack and release usually
obtained by the much more expensive and
problematical pneumatic system. This can
amount to savings of over $1000 in a large
organ. 1t should be mentioned that some
organ manufacturers have been successful
in making satisfactory all electric valves
with appropriate attack and decay curves.
They would not require the RC networks.

Software design was as gradual as the
hardware design. There were two break-
throughs necessary before it was clear that
the 8080 could work quickly enough. (When
this design was being done, by the way,
the Z-80 and other faster processors
were not yet in production.) But the con-
straints of the 8080 and the very large organ
forced a much tighter and more clever design
than would have been developed if we had
had more powerful computers and a smaller
organ. Given the newer computers, of
course, larger and more complex pieces of
equipment can be controlled. Many indus-
trial plants have fewer than 200 sensors and
2000 elements that need to be operated in
real time. A microcomputer using the tech-
niques outlined here could handle them.

The program begins by sweeping in the
console settings. To save time only one bit
per word is used. This wastes 7/8ths of 500
words, but memory is cheap. The same trick
can be used in output, eliminating the neces-
sity to pack bits into bytes. Thus over one
byte per key and one byte per pipe will be
sacrificed to gain speed. That amounts to
$40 at most in memory costs. It buys us



Computer Mainframe System

First in the TEI family . . . The MCS-112 and 122 Mainframe Systems.
“The Base on Which to Build”

The cabinet
A heawy duty, precision formed cabinet of fine The motherboard
craftsmanship. Completely machined and i An S5-100 Bus system high quality mother board with 100-pin edge connectors. Compatible with IMSAI, MITS,

ready for assembly The exterior is fin-
ished in TEl blue. Vented for most
efficient thermal character-

istics. Furnished with all

necessary hardware J, 1

CROMEMCO, TDL and other 5-100 bus configured circuit boards. Plug connections for reset switch. Voltage terminals
are screw type to power supply leads. All card guides are provided. 12 slots for MCS-112 model and 22 slots for
MCS-122 model.

Edge connectors
High quality edge connectors factory mounted and wave soldered to eliminate this nuisance for
you, Completely checked out for shorts or open traces. ALL edge connectors furnished, 12 for
the MCS-112 and 22 for the MCS-122, No additional expense when you expand your
system

The power supply
One of akind . . . using a constant voltage transformer (CVT) with a very
high immunity to input line noise . . . greater than 100 db rejection.
Line regulation better than + 1% from an input of 95 to 140 Voit
AC at full load to 85 to 140 Voit AC at three quarter load.
Designed to meet UL-478 specifications (EDP SPECS).
Individual fusing on all input and output voltage
lines. See specifications below for power
ratings

The cooling system

A 115 CiM muffin fan with a
commercial grade washable filter
will provide clean airflow over all

cIrcuitry

The wiring

All wiring is color coded and AlL is
precut to length with connecting lugs
factory machine applied.

The front panel / =

The fromt panel is blank

except for an indicating AC

switch and a reset switch,
However, the chassis and mother
board are designed so that you may
remove the front panel and insert an IMSAI
or equivalent .front panel.

NOW ... TEl puts it all
together for you. Mainframe
systems ( 12 and 929-slot) ...
Floppy and mini-floppy disc drive
systems (single, double and triple ) 16K

RAM ... aB8080A CPU with addressable
ump to” and autostart capability ...16

Channel A/D and D/A converter ... 3 serial + 3
parallel muitiple /O ... and other supporting boards

Specifications MCS-112 MCS-192 ... and our newest item, the PROCESSOR TERMINAL _th A
D 7% Wx120Dx Ve H 17%W x19%2Dx TVaH CRT, keyboard, mum-ﬂoppy disc and_ 12-slot.ma|nframe with a
w ft;‘voltDC A X17am);3s . ) ;Oan:psx ) 4 8080A CPU ~ all housed in one quality aluminum case. All of
Power +16 volit DC 2 amps 4amps these fine products at prices you will like. Watch for them all.

: U

J MCS
e nae——————— e e e e e ___________1
SPECIAL SYSTEMS GROUP MICROCOMPUTER SYSTEM

Contact your local TEl Dealer or if you are not near one of our dealers, write or call CMC Marketing Corp direct for more information.

CMC MARKETING CORP
5601 Bintliff Suite 515 @ Houston, Texas 77036 ® Phone: (713) 783-8880
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Photo 4: The main organ
chamber with portions of
an organ taken' from a
Sacramento church.
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speed and simplicity, and it is worth it.
While it now seems obvious that this is a
useful way to proceed, it somehow took
four months to find the solution. This is
probably because we are so reluctant to
waste memory. A pipe organ costs from
$20,000 to whatever you care to spend
{a million dollars is not unusual). The
computer costs are lost in the small change.

For a small organ, the DMA is not even
needed, and the input and output loops are
very simple:

1. Point to a memory location.

2. Do an input (or output).

3. Move the contents of the accumulator
to that location.

4. Increment the location.

5. Check for done. If not done, do an
input (or output), etc.

The loop can be done on an 8080A at
66 kHz. Thus, an entire 20 rank organ can
be updated in less than 0.02 second. The
DMA would do the same algorithm, but
at 1 MHz, and would overlap processing.
The 8080 with a 2 MHz clock is just fast
enough. An 8085 or Z-80 processor would
be more than fast enough. Again, remember
that for a typical home or small church
organ, the plain old 8080 would have the
necessary speed and that we are discussing
a worst case design.

Even with 1O solved, there still remains
the problem of deciding which pipes are to
go on and which to go off. At first this was

a stumbling block in terms of the time it
would take to do the computations. On each
console scan, it seemed, a table of couplers
would have to be made up, as well as a
table of stops. A key depression, through the
couplers, results in a number of “virtual”
key depressions. Since some virtual keys,
being higher or lower on the keyboard than
the original key, will go off the end of a
keyboard, they must be deleted from the
virtual key list. The remaining keys then
have to be processed through the stop list
to determine which pipes are to be played.
Since the 1O routines take a total of about
0.04 seconds already, the processing itself
must take no more than 0.013 seconds. Just
the checking for out of range virtual keys
would take more time than we can spare.

The easiest solution to the coupler spill-
over problem is to include a few extra places
in the shift register on both ends of each
rank. This allows all the ranks to have the
same shift register length whatever the
actual number of pipes. The first advan-
tage is that out of range virtual key de-
pressions need not be checked for, since
they fall into unused sections of the shift
register. As with the wasted memory, the
cost of the unused shift registers is small.
The second advantage is that the electronics
for every rank, of whatever kind, can be
mass-produced. This makes it less expensive
to build, as well as making the software
easier to write (aside from merely being
faster).



Why you should buy a digital
multimeter from the
leader in digital multimeters.

If you're shopping for your first multi-
meter, or moving up to digital from
analog, there are a few things you
should know.

First, look at more than price. You’ll
find, for instance, that the new Fluke
8020A DMM offers features you won’t
find on other DMMSs at any price. And
it'sonly $169*

Second, quality pays. Fluke is recog-
nized as the leading maker of multi-
meters (among other things) with a
30-year heritage of quality, excellence
and value that pays off for you in the
8020A.

Third, don’t under-buy. You may think
that a precision 3%-digit digital multi-
meter is too much instrument for you
right now. But considering our rapidly
changing technology, you're going to
need digital yesterday.

If you're just beginning,
go digital.

Why not analog? Because the 8020A
has 0.25% dc accuracy, and that’s ten

times better than most analog meters.

Also, the 8020A’s digital performance
means things like 26 ranges and seven
functions. And the tougher your home
projects get, the more you need the
8020A’s full-range versatility and ac-
curacy. The 8020A has it; analog meters
don’t.

If you're a pro.

You already know Fluke. And you
probably own a benchtop-model multi-
meter.

Now consider the 8020A: smaller in
size, but just as big in capability. Like
2000-count resolution and high-low
power ohms. Autozero and autopolarity.
And the 8020A has 3-way protection
against overvoltage, overcurrent and
transients to 6000V!

Nanosiemens?

—
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Beginner or pro, you’ll find the meter
you now have can’t measure nanosie-
mens. So what? With the 8020A con-
ductance function, you can measure
the equivalent of 10,000 megohms in
nanosiemens. Like capacitor, circuit
board and insulation leakage. And, you
can check transistor gain with a simple,
homemade adapter. Only with the8020A,
a 13-oz. heavyweight that goes where
you go, with confidence.

What price to pay.

$169.*
Of course, you can pay more. Or less.
In fact, you could pay almost as much
for equally compact but more simplistic
meters, and get far less versatility. And,
the 8020A gives you the ‘plus’ of custom
CMOS LSI chip design, and a minimum
number of parts (47 in all). All parts
and service available at more than 100
Fluke service centers, worldwide. Guar-
anteed, for a full year.

Rugged. Reliable. Inexpensive to
own and to operate; a simple 9V battery
assures continuous use for up to 200
hours.

Where to buy.

Call (800) 426-0361 toll free. Give
us your chargecard number and we’ll
ship one to you the same day. Or, we’ll
tell you the location of the closest
Fluke office or distributor for a per-
sonal hands-on feel for the best DMM
value going.

*U.S. price only

Fluke 8020A DMM for
Home Electronics Experts: $169

1808-7101

Circle 47 on inquiry card.
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Photo 5: A rank of chimes

pipes. Except to satisfy traditional organists,
there is no reason to have intermanual
couplers on a computer controlled pipe
organ. The original reason for including
intermanual couplers was to minimize the
limitations imposed by the separation of
the pipes into divisions. The computer, by
being able to assign any rank to any manual
{or to the pedals), eliminates the need for
these couplers. They might well be elimi-
nated in my own organ.

Another choice to be made is whether to
recalculate all the pipes to be played, or just
to modify the previous state on each cycle.
It was decided to recalculate from scratch
each time to eliminate the possibility of
cumulative error. It also means that key
bounce is automatically taken care of. In
the slight time between updates, an organ
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pipe cannot even begin to sound. A spurious
signal for one cycle is effectively ignored.
Continuous pipe-on instructions emitted
over a period of approximately 0.1 second
or more are required before the slow mech-
anical valves can react. The higher pitched
pipes respond quickly, incidentally, and the
low pipes sometimes take nearly a second
to begin playing. Organists learn to com-
pensate by playing low notes somewhat
early. Without introducing a constant
across-the-board delay, it does not seem
possible to have the computer compensate
for the effect, but it is a place where some
experimentation might be interesting. Ex-
perienced organists, of course, might look
askance at such an innovation, but they
needn't be told about a// of our ideas.

To summarize: A cycle of the com-
puter organ system starts by pulling in the
state of the console. The second part of the
cycle (yet to be described) calculates the
pipes that should be playing, given the state
of the console. The third portion of the
cycle sends the pipe commands along the
shift register. This process is repeated at
least once every 1/30 of a second.

A coupler (of whatever kind) is merely
a displacement. 1t is easily calculated be-
cause all keyboards and ranks are the same
nominal length. Likewise, engaging a stop is
also a displacement of a distance equal to
the difference between the bottom of the
manual’s image in memory and the bottom
of the rank’s image in memory. Thus, these
displacements or offsets can be simply added
to yield the offset for a combined coupler-
stop setting.

An example, with a simplified organ,
will demonstrate how the algorithm op-
erates. Say there is one manual with ten keys
numbered one through ten. They are read
into memory locations (all numbers will be
in base 10 for this discussion] 1001 through
1010. The ranks each have ten pipes, and
there are two of them. The first rank is
stored in locations 2001 through 2030.
The second rank is stored in locations 3001
through 3030. Remember that the area set
aside for each rank is larger than the actual
space necessary (here three times as large).
There are two stop switches, stored in loca-
tions 4001 and 4002. There are two
couplers. They are stored in 4003 and 4004.
The first couples up five pipes high, the
second down three pipes low.

When the low order bit in 4001 is on (or
high), the program adds 2010 to the key
address to get the pipe address. When the
other stop is on, 3010 is added. If the first
coupler is on, an additional 5 is added, and
the second coupler subtracts 3 (or adds a



Text Editing System

This Editor has caused more talk than any
other TSC program. Most users find it hard to
believe its power. The TSC Text Editing System
will allow extreme ease in any text preparation,
whether it be an assembler language program
or a legal document.

Included are all the usual edit features plus
commands for block move, block copy, tabs,
local and global string changes, and overlays.
All editor commands can be used as content
oriented commands. The commands may
also be used in a character, line, or relative
position fashion and either in a local or global
sense.

Some other unique features. include the
ability to work forward or backwards through a
file, restrictive column zone definitions, a de-
finable tab fill character, plus many more.

The TSC Text Editing System comes com-
plete with assembler language source listing
and a very thorough users manual which in-
cludes a "“Mini-Tutorial” for those wishing to get
started immediately.

6800
SL68-24 Manual and Source Listing $23.50
With Cassette 30.45
With Paper Tape 31.50

8080
SL80-10 Manual and Source Listing $28.50
With Paper Tape 37.50

Sl
5 | TECHNICAL SYSTEMS

BOX 2574 W.LAFAYETTE INDIANA
{3171 423.5465

Meet the TSC
Text Handlers!

CONSULTANTS, INC.

47906

SPECIALISTS IN SOFTWARE & HARDWARE FOR INDUSTRY & THE HOBBYIST

Circle 124 on inquiry card.

Text Processing System

The TSC Text Processing System is by far
the most powerful text formatter available to the
micro user. Over 50 commands are provided
for easy paging, margin setting, and spacing.
Right, left, right and left, and center justification
modes are all handled. The TSC Text Proces-
sor is actually a formatting language which
allows the creation of macros including vari-
ables. All of these features allow for very
efficient footnote handling, special document
preparation, and form letters.

Other features supported include page
numbering (either Arabic or Roman Numerals),
complete page size control (line length, page
length, top, bottom, left and right margins, etc.),
tabs, conditional formatting control, exact title
placing, contiguous space and text control, plus
much, much more.

The Text Processor in conjunction with the
Text Editor will give your micro the powers of
the best text processing system available. The
complete assembler language source listing
and extensive users manual are included.

6800
SL68-29 Manual and Source Listing $32.00
With Cassette 38.95
With Paper Tape 40.00

8080
SL80-11 Manual and Source Listing $32.00
With Paper Tape 41.00

8080 SYSTEMS
NOW AVAILABLE!
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negative 3; it is all the same thing). The
addition is done only once. Say the first stop
and the second coupler were operated;
then, given a key on at location 1005, to
get the proper location to turn the pipe on,
one merely adds (2010-3) or 2007 to the
key location (1005+2007)=3012. This is
indeed the correct pipe.

The microcomputer gives the user
another option. When a stop and a coupler
are operated, one gets both the note given
by the stop and the extra note given by the
coupler. With a computer it would be
possible to give just the note given by the
coupler acting on that stop. Since each stop
can have a whole panoply of couplers
attached to it, the number of buttons would
soon become unworkable. For complete
flexibility, the organist would have to be
provided with a keyboard and display. One
would play the organ by setting up many
required presets with whatever degree of
flexibility required, and then the easily hit
tabs would not activate stops, but would
bring in the organist’s choice of registrations.

In the example above, choosing both
stops and both couplers would necessitate
the addition of six numbers to each key
location to obtain the pipe location. In the
actual implementation, the program would,
for each manual, do the following:

1. Scan the list of stops, and make a
table of addends.

2. Scan the couplers, and add them to
each stop, extending the list of
addends.

3. Add the addends to the locations of
the manual that contain a 1 (meaning
a key depression).

4. Turn on the low order bit in the
indicated word in the pipe image.

Intermanual couplings look just like any
other kind of coupling. Say that one manual
is stored in 1001 through 1010, and another
manual at 1201 through 1210. Coupling
the first manual to the second merely
means adding 200 to the locations of the
first manual. Just which intermanual coup-
lers will be allowed must be carefully speci-
fied. If anything is allowed, we may get the
following cat chasing its tail effect: Manual
1 is coupled to manual 2 at the same pitch.
Manual 2 is coupled to manual 1, but one
key higher (a semitone or half step higher
in musical terminology). Press C on manual
1. C gets played on manual 2. This forces
C# on manual 1. But this makes C# play
on manual 2. Every key is thus being
played. As implied above, though, inter-
manual couplings are necessary only on
organs where the pipes are separated into

divisions. In the computer controlled pipe
organ they can and should be eliminated.
Everything they can do, and more, can be
done by freely assigning ranks to keyboards
as desired. | am not sure that all organists
will be convinced by this.

Future Fugues

The organ console of the future, as it
appears in the light of the computer
mediated organ, looks like this: The manuals
and pedals are built to the usual AGO
(American Guild of Organists) standards.
These standards are excellent, and permit
an organist to travel from one instrument
to another with a2 minimum of relearning.
Instead of the usual arrangement of stops,
there are as many rows of stops as there are
keyboards. When a stop is to be assigned
to a given keyboard, the button in the row
representing that keyboard, and in the
column representing that stop, is pressed.
Any particular registration may be cap-
tured by pressing the ‘‘capture’ button
and, while holding it, operating the chosen
preset button. The stop buttons should,
as on conventional organs, move (or light
up) to show what choices have been made.
This is not far from conventional practice.

The possibilities in a console screen,
with alphanumeric readout, are endless,
and would require another article to explore.
Similarly, the gimmicks, from very useful
ones that record (on a disk or cassette)
the performance in terms of keystrokes,
to silly ones (for example, connecting the
doorbell to the computer, so that the organ
plays ‘“Jesu, Joy of Man’s Desiring”’ when
a visitor presses the door button) would
again take up too much space here.

Summary

The reasons for using a computer in a
pipe organ are these:

1. Simplification of the wiring of the
organ.

2. Greater reliability than conventional
switching.

3. Lowered expense in medium and
large instruments.

4. Much greater control of the instru-
ment by the performer.

5. New freedoms in choosing regis-
trations.

Nothing, it would seem, is lost by going to
a microcomputer, and one could keep ad-
vantages 1, 2 and 3 above while keeping
the appearance and operation of the pipe
organ unchanged, in case any organists
choose not to use advantages 4 and 5.®



LOADED WITH EXTRAS
AT NO EXTRA COST

Microprocessor controller
Serial RS232C interface
Parallel TTL level interface
Full upper and lower case
ASCll character set (96
characters)

Full 8%z inch wide paper
Line length of 80 columns at
10 characters per inch
Impact printing

7 x 7 dot matrix

Ordinary paper— roll, fanfold,
or sheet

Serial baud rate to 1200 bits
per second

Multiple line buffer of 256
characters

Built-in self test mode
Instantaneous print rate to
100 characters per second

» Sustained throughput to 50
characters per second
Multipie copies without
adjustment

¢ Reinking ribbon mechanism
Expected ribbon life of 10
million characters

* Front panel operator controls
Attractive table top console

* e o o *

Circle 56 on inquiry card.

Check the
impressive
features on
Integral’s
new IP-125
Impact Printer
onty $799

Complete, ready-to-operate...

the first impact printer to offer
big printer performance ata
mini-printer cost.

Write for complete information
orcall (617)926-1011

Integral
Data Systems

5 BRIDGE STREET
WATERTOWN, MASS. 02172

. aa g = TEEES AN,
TS S v SRR R SRS T

... AND FOR VERY LITTLE MORE

 Linelengthsto 132 columns
* Instantaneous printrate to

165 characters per second

» Sustained throughput to 80

characters per second

¢ Printdensities 0f 8.3, 10, 12

and 16.5 characters per inch

¢ Options program selectable

by control codes

e Full CRT screen size multiline

buffer (2048 characters)
Special set of graphic symbols
Graphics mode dot plotting
Form feed control

Eight switch selectable form
sizes

» Automatic page boundary

skip

¢ Remote printer selection/

deselection

e Automaticlinefeed on

carriage return

IP-225
“The Tractor Impact”
only $g4g

the pin feed version of the IP-125 with
tractor drive forms control plus all the
standard features of the IP-125.

LINE FEED PAPER

POWER

Tesy
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WRAP UNWRAP

\

sl -
~ RIS T

‘i\
Wire-wrapping, stripping, unwrapping tool for
HOBBY WRAP AWG 30 0n.025 (0,63mm) Square Post.

TOOL [ Regular wrap | wsu3o [ $6.95 ]
Modified Wrap | WSU-30M [ $7.95 |

wire wrapping
center

MODIFIED
WRAP

WIRE-WRAPPING TOOL

HOUBY-WhAP
Model BW-630

NEW

=t For .025” (0,63mm) sq. post
4 “MODIFIED" wrap, positive
indexing, anti-overwrapping

device.

BW-630 | $34.95*

Battery
3 BW-2628 | $39.95*

wire
wrapping
tool \ Bit for AWG 30
COMPLETE - Bit for AWG 26-28
WITH BIT
AND SLE

For AWG 30
For AWG 26-28

BT-30 $3.95
BT-2628 | $7.95

"USE °C" SIZE NI-CAD BATTERIES

(NOT INCLUDED)

WIRE-WRAPPING KITS ROLLS OF WIRE
Wire for wire-wrapping AWG-30
(0.25mm) KYNAR* wire, 50 ft. roll,

silver plated, solid conductor,

Contains: Hobby Wrap Tool WSU-30,
(50 ft.) Roll of wire

Prestripped wire 1" to 4”
lengths (50 wires per package)
stripped 1" both ends.

Wire Wrapping Kit. {Biue)

WK 2.8

Wire Wrapping Kit, (Yeliow) WK-2-Y

Wire Wrapping Kit, {White) WK 2. W

Wire Wrapping Kit {Red) WK-2.R

e

i
ng

Coo

’O,

WIRE-WRAPPING KIT

Contains: Hobby Wrap Tool WSU-30,
Roll of wire R-30B-0050, (2) 14
DIP's, (2) 16 DIP's and Hobby Board
H-PCB-1.

[ wire-wrapping Kit _ [wk-38 (Biue)[$16.95]

(] a;'_\\:m

WIRE-WRAPPING KIT

Contains: Hobby Wrap Tool WSU-30 M,
Wire Dispenser WD-30-B, (2) 14 DIP's,
(2) 16 DIP's, Hobby Board H-PCB-1,
DIP/IC Insertion Tool INS-1416 and
DIP/IC Extractor Tool EX-1

[ wire-wrapping Kit [wK-4B (Blue)] $25.99]
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easy stripping.
30 AWG Blue Wire. 501t Roll
30:AWG Yeilow Wire 50#t. Roll
30-AWG White Wire. 501t Roll
30-AWG Red Wire. 501t Rolt

R 3080050
R-30Y-0050
R 30W.0050
R-30R 0050

WIRE DISPENSER

s With 50 ft. Roll of AWG 30
KYNAR® wire-wrapping wire.

s Cuts the wire to length.

s Strips 1” of insulation.

B Refillable (For refills, see above)

Blue Wire wD-30-B_| $3.95
Yetlow Wire WD-30-Y 3.95
White Wire WD-30-W_| $3.95
Red Wire wD-30-R | $395

PRE CUT
PRE STRIPPED WIRE

Wire for wire.
wrapping AWG-30
(0.25mm) KYNAR®*
wire, 50 wires per
package stripped
1" both ends.

[ 30 AWG blue Wire 1~ Long 30850010
30 AWG Yeiow Vare 1™ Loag 30Y50010

30 AWG White Wire 1 Long 30 W 50010
30 AWG Red Wire 1" Long 30 R50:010
30 AWG Biue Wire. 2" Long 30850020

30 AWG Yellow Wire. 2" Long 30 ¥ 50.020
30 AWC White Wire. 2~ Long 30 W56 020
0 AWG Red Wire. 2" Long 0 R'50.020
0 AWG Blue Wire. 3" Long 0850030
O.-AWG Yellow Wire. 3~ Long 0¥ 50030
AWG White Wire 3" Long 0 W 50 030
-AWG Red wire. 3" Long 0 R 50030
30 AWG Blue Wire 4" Long 30 B 50 040
0 AWG Yellow Wire &' Long 30°¥ 50 040

e
o
Y

g
/

0 AWG White Wire 4~ Long 30 W 50040
0 AWG Red Wire 4 Lo 30 R50 040
30 AWG Blue Wit 5 Long 30 6 50 050
30 AWG Yellow Wie 5" Long 30 Y 50 050
30 AWG White Wire. 5" Long 30 W 50 050
| 30-AWG Req Ware. 5" Long 30R50050
30.AWG Blue Vére 6 Long _ 30 B 50 060
30 AWG Youow Wire 6 Long 30 ¥ 50 060
30 AWG wiite Wire 6 Long “30W 50060
30 AWG Red Wire. 6™ Long 30 R 50 060

“ KYNAR PENNWALT

OK MACHINE & TOOL CORPORATION

3455 Conner St., Bronx, NY. 10475 ®(212) 994-6600 @ Telex 125091
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INSERTION TOOL wi PIN STRAIGHTENER

STRAIGHTEN PINS | RELEASE m INSERT

{ 14-16 Pin Dip IC Inserter [ INS-1416 [$3.49]

DIP SOCKET

Dual-in-line package, 3 level wire-
wrapping, phosphor bronze contact,
gold plated pins .025 (0,63mm) sq.,
.100 (2,54mm) center spacing.

14 Pin Dip Socket 14 Dip
16 Pin Dip Socket 16 Dip

RIBBON CABLE ASSEMBLY
SINGLE ENDED

With 14 Pin Dip Plug
24" Long (609mm)

With 16 Pin Dip Plug
24" Long (609mm)

lSE14-24

|SE16-24

DIP/IC EXTRACTOR TOOL

L Extractor Tool I EX-1 151.49]

The 4 x 4.5x 1/16 inch board is made of glass coated EPOXY Laminate:

and features solder coated 1 oz. copper pads. The board has provision
for a 22/44 two sided edge connec!or with contacts on standard 156
spacing. Edge contacts are

The board contalns a matrix of .040 in. diameter holes on .100 inch
centers. The component side contains 76 two-hole pads that can accom-
modate any DIP size from 6-40 pins, as well as discrete components.
Typical density is 18 of 14-Pin or 16-Pin DIP’s. Components may be
soldered directly to the board ar intermediate sockets may be used far
soldering or wire-wrapping.

dicated for

Twa independent bus systems are provided for voltage and ground an
both sides of the board. In addition, the component side contains 14
mdlvudual busses running the full length of the board for complete wir-

ng v. These busses cnable access from edge contacts to distant
componen(s These busses can 2lso serve to augment the vol!age or

DIP PLUG WITH COVER

FOR USE WITH RIBBON CABLE

14 Pin Plug & Cover 14-PLG | $1.45
16 Pin Plug & Cover 16-PLG | $1.59

QUANTITY: 2 PLUGS. 2 COVERS

RIBBON CABLE ASSEMBLY
DOUBLE ENDED

With 14 Pin Dip Plug - 2" Long | DE 14-2
With 14 Pin Dip Plug -4” Long| DE 14-4
With 14 Pin Dip Plug -8" Long | DE 14-8
With 16 Pin Dip Plug -2” Long [ DE
With 16 Pin Dip Plug -4" Long [DE
With 16 Pin Dip Plug -8" Long | DE

ground busses, and may be cut to length for particular

[ Hobby Board [ H-pcB-1 [ $4.99]

PC CARD GUIDES

| Card Guides | TR1 |$1.89]

QUANTITY — ONE PAIR (2 pcs.)
—

PC CARD GUIDES & BRACKETS

[ Guides&Brackets | TRs-2 [$3.79]

QUANTITY — ONE SET (4 pcs.)

TERMINALS

m .025 (0,63mm) Square Post

m 3 Level Wire-Wrapping

m Gold Plated

Siotted Terminal WWT-1 |$2.98
L WWT.2 | $2.98
IC Socket Terminal WWT-3| $3.98

Double Sided 3
Terminal BRG]

25 PER PACKAGE

PC EDGE CONNECTOR

44 Pin, dual read out, .156" (3,96
mm) Contact Spacing, .025" (0,63
mm) square wire-wrapping pins.

r P.C. Edge Connector | CON-1 [ $3.49]

P.C.B. TERMINAL STRIPS

The TS strips provide positive screw activated clamp-
Ing action. accommodate wire sizes 14-30 AWG (1. 8.0,
25mm).Pins are solder plated copper..042 Inch (imm)
diameter. on .200 incn (5mm) centers.

4-Pole 1S- 4 [$1.39
8-Pole 1S- 8 |$1.89

TERMINAL INSERTING TOOL
For inserting WWT-1, WWT-2, WWT.3,
and WWT-4 Terminals into .040

(1,01mm) Dia. Holes.

WIRE CUT AND STRIP TOOL

Easy to operate . .. place wires (up to 4) in stripping siol with
ends exteriding beyond cutter biades. .. press tool and pull

.. wire Is cut and stripped 10 proper "wire-wrapping™” length.
The hardened steel cutting blades and sturdy construction of
the toal insure long life.

Stnp length easily adjustabie for your applications.

DESCRIPTION

ADJUSTABLE

MODEL “SHINER™ LENGTH -
NUMBER OF STRIPPED WIRE Price
INCHES  TD  INCHES

24 ga. Wire Cut and Strip Tool

57-100-24 1%

1%,”

$ 8.75

26 ga. Wire Cut and Strip Tool

57-100-26 15

1%,

$8.75

26 ga. Wire Cut and Strip Teol

57-100-26-875 T8

1va

$ 875

28 ga. Wire Cut and Strip Tool

$7-100-28 Yo"

1%~

$11.50

30 ga. Wire Cut and Strip Tool

§T-100-30 e

1% 1$11.50

THE ABOVE LIST OF CUT AND STRIP YODLS ARE NOT APPLICABLE FOR MYLENE OR TEFLON INSULATION

OK MACHINE & TOOL CORPORATION

3455 Conner St.. Bronx. NY 10475 8(212) 994-6600 ® Telex 125091
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Buy a dumb terminal
the smart way
andsavel/3. ... ...

pretty expensive. About $1,000. But
that was the old, dumb way. Now there

®
is a new, smart way to add a dumb
r ln terminal to your system. Our Naked
Terminal is $350. Add a keyboard and

video monitor at a total cost of about

’ $650. You save around $350!
The Naked Terminal does all that a dumb
terminal does. Some things it does better.

black-on-white or white-on-black, blinking or

.o .;}______T__uli
bl T s e ]
non-blinking underline cursor, and

Pﬁ'-.;ﬁmn b = variable baud rates.
) : &

i
e

i 4
), S
Bl

It displays 80 characters per line by 24 lines. And
it displays it on any screen size: 9, 12, 15 or
whatever size you prefer. The $1,000 one
doesn't give you a choice. Both upper and lower
case characters are displayed in a 5 x 7 font.

features: half duplex, full duplex, and a block mode
that allows editing before transmission.
You-know-who doesn’t have a block mode.

l. Although you spend less money you get more
®

he Naked Terminal has addressable cursor. And its
isplay offers you lots of switch-selectable flexibility:

o —

No software support is required. The Naked Terminal
can be configured by dip switch to drop into an
existing system, replacing the serial I/O card and
stand-alone terminal without making any

changes to software.

|:-!|- et & 3
il |

il

The Naked Terminal is a compiete dumb terminal on an S-100 board. It contains a microprocessor
with its own memory, its own software drivers, and its own internal bus. We built it that way so it won't
take up any of the 64k memory address space of the S-100 bus. Keyboard and video monitor
cables are available at additional cost.

Like all Dynabyte products, the Naked Terminal is completely assembled, socketed, tested and
burned in. Dynabyte's guarantee is for a full year - the longest in the industry.

Now isn’t the Naked Terminal a smart buy? Learn more about saving 1/3 on a dumb terminal. Ask
your local computer retailer. Or write today to Dynabyte, Inc., 4020 Fabian, Palo Alto, CA 94303.

Telephone (415)494-7817. ng n B‘J‘lﬁ
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Ancient Egyptians didn’t stop
with just one pyramid. The Great
Pyramid stands on the Plain of
Gizeh with two other monuments
erected for kings and queens.

Dynabyte didn’t stop with one
16k dynamic RAM, either. Now
you can get 16k and 32k fully
static RAM’s that are built with the
same unmatched engineering
ability and manufacturing:-skill
that went into Eqypt’s woniders of
the ancient world.

When we say built, we mean
completely built. Assembled,
tested and burned in. We don’t
leave anything undone. That way,
you can buy any Dynabyte
memory and know that it is backed
by a factory guarantee for one full
year. Kits and semi-kits can’t
say that.

Our 16k static and our 32k
static are available with either 250
ns. or 450 ns. access time. Our
250 ns. module is completely
compatible with the 4MHz Z-80A
processors. The 450 ns. modules
are compatible with the 8080 and
the faster 3MHz 8085 processors.

The Great 16k Static
Memory. 250 ns., $555. 450
ns., $525.

¢ 4k block addressing along 4k
boundaries

Circle 41 on inquiry card.
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Now Dynabyto builds three Great Memories |

( New' 16k and 32k fully static RAM’s: Wlth elther 250 ns. or 450 ns.
typical access time. Assembled. Tested. Burned in. Guaranteed.
Like our 16k dynamlc RAM Built as solid as the 4, 400 year-old pyramlds

¢ Bank Select

¢ Write Protect with alarm for
.each 4k block

¢ Full Schmitt trigger buffering

* No DMA restrictions

¢ Complete S-100 bus com-
patibility, including the Alpha
Micro and Z-2.

The Great 32K Static
Memory. 250 ns., $995. 450
ns., $925.

* 4k boundary addressing
¢ Full Schmitt trigger buffering
* No DMA restrictions

Why Dynabyte doesn’t
build memory kits

Assembling a kit can be fun;
almost anyone can do it.

But how about testing it?
Do you have the test programs
and equipment? Do you know
which memory test program
uncovers pattern sensitivity?
Or which finds shorted data
bits but won’t find address
decoder faults?

We do. It’s our business. We
have the 200 MHz oscillo-
scopes, the logic analyzers, the
burn-in chambers, and the test
programs. We find the bugs,
even the subtle ones.

Which lets you concentrate
on computing.

® Conservative thermal design

= Complete S-100 compati-
bility, including the Alpha
Micro and Z-2.

The Great 16k Dynamic

Memory. $399.
* Highly cost effective
* No wait states
* Transparent refresh
¢ 16k addressing boundaries
® Widest S-100 mainframe and
disk system compatibility

All of Dynabyte’s memories
meet rigid industrial grade stand-
ards. Design, components, con-
struction, testing and perfor-
mance. But if a module ever needs
repair, we provide factory service
with 24 hour turnaround for both
warranty and non-warranty work.

Ask for the Great Memories by
Dynabyte at your local computer
store. You can also pick up com-
plete product information while
you’re there.

But if you haven’t got a local
computer store, write Dynabyte,
Inc., 4020 Fabian, Palo Alto, CA
94303. Or telephone (415)
494-7817.

Builders of Great Memories
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Ernest W Kent, Associate Professor

Dept of Psychology

The University of lllinois at Chicago Circle
Chicago IL 60680

The Brains of Men and Machines

Note: A number of the
terms which are used in
this article were defined
and discussed in the first
article of this series which
appeared in Janurary 1978
BYTE, page 11.
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Part 3: How the Brain Analyzes Input

Perhaps the most remarkable feat per-
formed by organic brains is the resolution
of the flood of data flowing from the sen-
sory receptors into conceptually meaningful
elements. |t is also one of the most difficult
tasks faced by the designer of robot systems.
Consider the nature of the information
which the brain receives about the visual
world. Patterns of light, of varying wave-
length and intensity, are imaged on the
retina of the eye by the lens. This illumina-
tion results in a barrage of neural impulses
flowing through millions of fibers in the
optic nerve and activating neurons in a
portion of the cerebral cortex called the
primary visual cortex. Obviously, our
visual experience is nothing like this barrage
of impulses in axons. We ‘‘see” objects,
colors, groupings of objects, all interpreted
in meaningful terms. Our experience of the
visual world is thus a far different matter
from the visual stimulus which initiates the
experience. It is not necessary that a robot
have “experience’” as we do, but it is neces-
sary for one to resolve the sensory informa-
tion into behaviorally relevant elements
as we do.

To understand the nature of the opera-
tions that are being performed, we must
carefully discriminate between the terms
“stimulus’” and ‘“sensation.” “‘Stimulus”’

refers to the actual physical event that
activates a receptor. In the case of vision,
this would be a ray of light falling on the
retina. Since the intensity and wavelength
of this light are determined by properties
of the physical object which reflects it, and
since there is a fixed relation between the
two, we often refer to the reflecting object
as the stimulus, with the understanding that
its action as a stimulus depends on the
properties of the light it reflects. ‘‘Sensation”
on the other hand refers to a property of our
mental experience which results from certain
kinds of activation of our receptors. There
is a close relation between the sensations we
have and the stimuli which produce them.
Our senses would be useless if it were not so.
However, this close relation often leads us
to confuse the two, and this is a great error,
because they belong to entirely different
worlds. A stimulus is a physical object; a
sensation is a mental event.

To clarify the distinction, consider the
sensation of the color red. We all know what
we mean when we say an object “is red,” or
that we ‘‘see a red object.”” A moment’s
reflection though will demonstrate that,
strictly speaking, there can be no such thing
as a red object. The object can only possess
or not possess the properties necessary to
reflect light of a particular wavelength. If an



object reflected light of a wavelength which
gave rise to the sensation ‘‘red,” and we were
to somehow change the wavelength between
the object and the eye, the object would
appear to be of some other color. Can we
then say that ‘“‘redness” is a property of the
light? No, because the only relevant physical
property of the light is its wavelength, and
wavelength is not a color. Color is a property
of your sensation.

Sounds have wavelengths too, and there
the sensation is interpreted as pitch. Wave-
length is only a piece of information which
the brain can interpret as it will. {n your
computer, you could make an analogy with
ASCII code. We use particular bit patterns to
represent letters and numbers, but the same
bit patterns could just as easily represent
something else. There is
inherently requires the binary pattern
01000001 to be interpreted as A. Similarly,
“redness’’ as an interpretation of a particular
wavelength is simply a convention that the
brain uses.

The situation becomes clearer if one goes
into the brain a little further. Sensation is
not a result of activating the retina or the
optic nerve. If the optic nerve is cut, light
falling on the retina produces no sensation,

nothing that’

even though the retinal neurons and their
axons in the optic nerve are activated. At
the same time, however, artificially acti-
vating the visual cortex to which the nerve
used to project will result in visual sen-
sations. It follows that sensation is, or is de-
pendent upon, the firing of neurons in the
visual cortex. Yet, after striking the retina,
light never reaches the visual cortex. All that
does reach it is a pattern of neural activity
in the axons of the retinal cells. Information
about the wavelength of the light striking
the retina is carried in the optic nerve by
place code. That is, the wavelength informa-
tion is carried to the visual cortex in terms
of which lines are active. There is certainly
nothing that seems intuitively ‘‘red’” about
which of a set of axons are carrying impulses.
Yet, the sensation of ‘“‘redness” clearly
occurs at or beyond the cortex, after that
encoding process. If we could somehow
change which set of axons were active be-
tween the retina and the cortex, the sensa-
tion produced by the light would change.

Sensation = Information Processing

Now if we accept the notion that sensa-
tions are mental events that are produced, or

~
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at least determined, by the brain decoding
stimulus produced activations of receptor
lines according to specified conventions, it
becomes clear that the process of sensation
is basically one of information processing.
The nature of the conscious ‘‘experience’
of the processed data is a topic we shall take
up later. For now, our objective will be to
examine the kinds of transformations the
brain imposes on its input data and to ask
why this particular transformation and not
some other is useful to the organism in deal-
ing with the environment. The utility of
such a pursuit lies in the fact that the most
likely system for detailed examination of
distant objects in an artificial robotic system
will use an image forming system acting on a
grid of sensitive transducers. The problems
of information processing in such a system
will be exactly those that the brain has
solved.

There are about a million light receptive
elements in the retina, and the brain pro-
duces a complete analysis of their patterns
of illumination about ten times per second.
If this were done in a straightforward
manner, say by examining all the possible
permutations of a million bits of informa-
tion and decoding it against a table of
known codes, a tenth of a second’s worth of
vision would be too big a job even for the
brain to handle in a reasonable time. In fact,
it goes to some extremes to cut corners in
this process, and some of its tricks are of
quite general utility. The first step in the
process is to make a number of decisions
about what not to look at.

If an area of uniform illumination is
bounded by an area of some other degree
of illumination, the information from the
center of the area is superfluous. That is,
if one had a system that could detect only
boundaries between different illumination
levels, the center of a uniform bounded
area would not produce a signal. Yet,
information about its illumination could
be accurately reconstructed by simply
extrapolating the illumination level on the
inside edge of the boundary clear across to
the next boundary. If the level at the inside
edge of the boundary did not hold clear
across the area, that would mean that there
had to be a change, and hence a boundary,
somewhere in the middle, and that boundary
would be detected. Any change in illumina-
tion constitutes a boundary between a
lighter and a darker region. Thus, if only
boundaries can be detected, extrapolation of
levels on either edge of a boundary to the
next boundary reconstructs the whole field
of illumination.

The reduction in the number of points to
be considered which is achieved by consider-
ing only boundaries is quite large. Think of
a square patch of retina 100 receptor cells
on an edge, illuminated at level A on the
right half, and level B on the left. If we had
to examine every element’s illumination to
arrive at a picture of this pattern, we would
have to examine 10,000 elements. If we now
examine only the ones near the boundary
between area A and area B, and extrapolate
the rest, we have to examine only about 100
elements. In general, the savings go up
approximately as the square of the boundary
of a uniform area.

We will return in a moment to the matter
of how the brain locates spatial boundaries,
but first mention should be made of the
next shortcut, because their underlying
mechanisms are related. Basically, this
second trick is to look only at things that
change. Aside from the fact that changing
patterns of illumination usually imply mov-
ing objects, and that these are usually
important items in the sensory world, special
attention to change also has advantages in
terms of processing time. The situation is
really very similar to the preceding one,
except that here we must think of change as
representing a temporal boundary between
illumination levels. If we only attend to an
element when its illumination changes, and
if we always know when it does, we can
safely ignore it in the meantime. This is
because the illumination during the interven-
ing period of no change must be at whatever
level the preceding change brought it to.
Thus, it is only necessary to extrapolate the
value immediately following a change until
the next change is detected.

The eye is sensitive to two dimensions of
light, intensity and wavelength, which we
perceive as brightness and color. We have
discussed the two boundary situations,
spatial and temporal, only in terms of bright-
ness so far, but the same arguments apply to
boundaries of color. Two areas of equal
brightness but different color also must be
discriminated. The same mechanisms
actually are applicable to both, since the
brain handies color by providing some re-
ceptor elements with differential sensitivity
to different wavelengths. For these elements,
a change in wavelength effectively /s a
change in illumination. It will either be from
a wavelength to which the element is sensi-
tive to one to which it is not, or vice versa.
The brain handles the color information
simply by recognizing the output of these
elements as encoding the wavelength infor-
mation, and interprets it as color. The color
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What could you do with this board

[ ]
in your system?

Trace Electronics brings you a highly flexible, lower
powered, fully STATIC 32k or 16k memory board for your
S100 Bus computer (Altair, Imsai, Sol, Poly, Xitan, ect.). The
model 3200 has a capacity of 32768 Bytes with fully buf-
fered address and data lines. All buffered inputs are
schmidt triggered for excellent noise immunity and require
only minimal bus loading (one low power load). The buffered
outputs are rated for driving more than 130 low power loads.
Since the board is fully static, there is no refresh or clocking
required and is therefore compatible with DMA and other
devices.

Low power and high reliability are key features of the
design. The TI 4044's (or equivalents) provide storage
capacity at up to 65% less power than low power 21L02
chips. The power required is 1.7A at 8V. for model 1600 and
3.3A at 8V. for model 3200. A special thermal design which
places a separate regulator on each 4k x 8 section of
memory affords a very efficient system of heat dissipation.

The most outstanding feature of the board is its versitile
addressing. Each 4k x 8 section is separately assignable to
any 4k slot in the computer’s address space. This feature
allows the user to make use of the growing amount of soft-
ware that requires this and avoids the problems associated
with only being able to assign the board to a continuous 32k
block. In addition, the Megextend'™' feature allows up to one
megabyte to be addressed providing there is a 4 bit output
port in the system. This allows up to 32 model 3200 boards
per system, as long as the power requirements are met.

The model 1600 is the same as the 3200 except that it
only contains 16k of memory chips. The 1600 may be con-
verted to a 32k board by merely installing the extra 16k of
memory chips. The sockets for the additional 16k are in-
stailed as a standard feature of the model 1600.

Both models are silk-screened and solder masked on FR4
epoxy board with a gold plated bus connector. They are fully
socketed, assembled, tested and burned in.

To order, simply phone Trace Electronics at 215-779-3677
or mail the attached coupon. So as to provide quick delivery
all orders will be shipped by the fastest practical means
(eg. Express Mail, Air Mail, UPS Blue Label, ect). Model
3200 is priced at $999. and Model 1600 is $599. Express
shipping is pre-paid. Call or write today.

Trace Electronics, Inc.
215-779-3677
P.O. Box 3247 Hampden Station

Reading, Pennsylvania 19604
Circle 127 on inquiry card.
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0 Model 1600 16k of memory on the above 32k board.
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boundary problem therefore reduces to the
intensity boundary problem.

Now let us examine the mechanisms of
boundary detection. The temporal bound-
aries, that is, changes in illumination with
time, are responded to selectively by a
process that is similar in its results to AC
coupling the receptor elements. In fact,
AC coupling of analog to digital converters
with an appropriate time constant would be
a good way to model the process in a robot.
In the brain, it is simply a property of the
receptor neurons themselves, and the details
need not concern us. The interesting thing
is that the brain uses this same AC coupled
characteristic of the neural elements to
detect both spatial and temporal boundaries.
A selective sensitivity to change, or temporal
boundaries, is inherent in the AC coupling,
but a sensitivity to spatial boundaries
requires some additional mechanism.

We are all aware of course that the eye
moves. We observe it all the time when our
gaze turns from one point of fixation to
another, or when it follows a moving target.
In addition to these motions, however, there
is another that is not detectable by ordinary
means. Even when the eye seems to be at
rest, even when you are holding your gaze
as intently as possible on a fixed point, there
is still a very fine motion with a frequency
of about 10 Hz. The amplitude of this
motion, which is rather erratic in its direc-
tion, is just sufficient to move the retinal
image back and forth over the receptors by
a distance equal to a few times the average
separation between the sensitive elements.
Those elements that are near a boundary are
thus swept back and forth continuously
from the lighter to darker sides of the
boundary at about 10 Hz. This produces in
them a changing signal of the sort to which
the AC coupled property of the system can
respond. At the same time, their neighbors
further from the boundary in either the
lighter or darker regions to either side are
not moved into a region of different illumi-
nation level. Hence, they ‘“see” an unchang-
ing input, to which they are insensitive. The
receptor elements of the eye itself there-
fore act as intelligent terminals which
transmit only information about boundaries
and changes to the higher levels, with an
enormous savings in amount of input requir-
ing attention from more sophisticated
analyzers.

Now | hear you say, ‘“Yes, but | can see
the insides of uniform areas.” True, but
remember | said your sensations were an
arbitrary decoding of the stimulus informa-
tion, and that the information from areas
distant from boundaries was redundant and

could be reconstructed by inference or
extrapolation. The experience of ‘‘seeing’
the inside of the area is simply the
experience of receiving the appropriate code
from the right set of boundary activated
elements. In the first place, it is relatively
easy to demonstrate that you cannot see
anything if there is no change. By virtue of
some clever optics it is possible to stabilize
an image on the retina so that it does not
move with respect to the receptor elements,
despite the fine motions of the eye. When
this is done, the image seems to disappear
about a tenth of a second after it is pre-
sented: poof! It is of course still really
there on the retina, but your AC coupled
system can't respond. Now, consider a green
disk with a smaller red disk in the center.
It is possible to stabilize just one portion of
this image in the same fashion that we
stabilized the whole image a moment ago.
If we choose to stabilize just the boundary
between the green outer ring and the red
inner disk, it should not be possible for the
brain to detect that boundary. If this is
done, not only do you not see the boundary,
you also don’t see the inner red disk. What
do you see? You see an unbroken green
disk all the way across. In other words, if
no boundary is detected in the middle, the
brain not only doesn’t see the red disk, it
extrapolates the green all the way across
from one outer boundary to the other.
Think about it the next time you rely on
the evidence of your eyes: such evidence
must be interpreted with knowledge of the
system’s characteristics.

The AC coupling is not perfect; there is
a “DC leak” around it, but the *‘changing
signal only” property of the neurons is
enhanced at each step in the transmission
process, until the cells of the visual cortex
are found to have almost no response at
all to unchanging uniform illumination of
the retina. This means that the sensory
experience of the interiors of uniform
regions is simply what is coded for at the
cortex by the byte of information on the
boundary conditions. It is not a result
of direct translation of retinal illumination
conditions on a point for point basis into
activation of some set of ‘‘experience
neurons.” It is important to grasp this idea,
because it points up the fundamental simi-
larity between the natural brain and the
artificial computer. There is no ‘“‘inner eye”
looking out through neural windows. If the
encoding process ultimately produces a
single neural line that is activated by, say,
the sight of a face, then that line being active
is sufficient for the processing of response to
the face, in man or robot; and at least in us,
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The MSDD-100 Floppy Disc System offers
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Computer System. Disc storatﬁe is a must in
every microcomputer. With the MSDD-100
s‘\\'stem, this power doesn't cost much more
than cassette, and is far faster.

For business applications, disc storage is
an absolute must. The MSDD-100 has enough
bulk storage capacity to handle hundreds o
inventory entries, yet has enough speed to get
you to any of these records in just a second or
so. That's power!

Computer programmers know the
advantage gained with disc storage. Program
development is speeded up greatly. With a disc
system, you spend your time writing software,
not waiting for slow peripherals such as paper
tape. For example, paper tape can be handled
at about ten characters per second. Cassette
tape runs at maybe thirty characters per
second or so. By comparisos, the transfer rate
with the MSDD-100 Disc System is 15,000
characters per second. That's fast!

You can easil¥ put over 90,000 characters
of data on a single diskette, about 5” in
diameter. The MSDD-100 controller will allow
you to hook up to three separate drives onto
your system. That's over a quarter of a
megabyte on line and accessable in a second
or two. That's storage.

Far $599, you get the unique, modern
MSDD-100 Disc Controller Card, the industry
standard Shugart SA-400 Floppy Disc Drive, a
comprehensive manual, system utilities
software and patches into altair basic, and a
greassemble cable. We offer fully integrated

K and extended basic languages at nominal
extra cost. That's MSD!

Circie 77 on inquiry card.

No, It Doesn’t Cost
a Million Bucks,
It Just Works Like

5 TR o R

MSD Gets Down to Basics.

Microsoft, the company that created the
popular, widely used altair basic, wrote MSD
Disc Basic, 8K and extended versions.
Microsoft basic is well know for its power and
speed. MSD bings you this language for the
MSDD-100 Floppy Disc System. MSD offers the
first really compact disc basic, our 8K version,
and extended basic, with powerful features
such as double precision number processing,
formatted data output, multiple data
terminals, and most efficient memory usage.
This fine software is now available to every
MSDD-100 user. MSD basic is also fully
compatible with the MSDV-100 video System.

LT

The MSDV-100 video display system is a
powerful, $-100 compatible video output
device. With a high resolution 80 x 24 format.
The small system user can now have a
sophisticated video display system
comparable to the most expensive of video
terminals. You don't have to settle for less
anymore!

The MSDV-100 Video Display System is
designed around a custom ACSII character
set. Vertical lines, horizontal lines, and line
intersectione are part of its well thought-out

fMICRO
SYSTEMS
(momm

A
/ 2765 So.Colorado Bivd, Suils 110 Denver,CO 80222 (303) m-rﬂ

repertoire. The upper and lower case
alphanumeric characters are of the highest
quality. The MSDV-100 is a memory mapped,
two board device that can be fed into a
standard video monitor. Thoroughl
developed software is included, with a wide
selection of drivers supplied in both basic and
assembly language. With MSDV-100 driving
software, the MSDV-100 becomes an elegant,
sophisticated video terminal with scrollin,
and cursor control. Full compatability wi

MSD basic, of course!

Sanyo Monitor (VM4209) .......... $150
Micro-Floppy Disc System .. $499*
(Assembled) ........ . $599*
Video Display System . . $285
(Assembled) ......... .. 8385
Additional Drivers ............... $350 ea.
Diskettes ......ccovvireraiennanss $4.25 ea.
*Power Supply not included.
Micro-Floppy Disc System ........ $599*
(Assembled) ............o0annnt $699

Price Increases Effective Feb. 1

To place Order, send check, money order or BA
or MC Card # with exp. date and signature.
Uncertified checks require 6 weeks process-
ing. Phone orders accepted.

Please Send me the following: AMOUNT

TOTAL:
Name
Address

City, State, Zip
{3 Send me more information

_/
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it is also sufficient for our correlated mental
experience.

That this is the nature of the encoding
process for our experiences becomes even
clearer at higher levels of the encoding
process than those involved in the green and
red disk experiment. At some level of the
process, referred to as ‘‘feature extraction,”
we arrive at a byte of active lines which
encodes for some complex pattern. Take
for example the repeated patterns of a
walipaper covered wall. |t seems that even at
this level, the brain continues its policy of
dropping redundant information and carry-
ing forward only information on boundaries.
If we look at such a wall, we of course see
a continuous pattern repeated all the way to
pattern boundaries such as the ceiling floor,
edges of intervening furniture, etc. Now
suppose we present this same scene to a
person with damage to certain high levels of
the visual system, having no vision in a
particular small region of the visual field.
If his injury is at the right level in the
feature extracting process, he will report
seeing the unbroken wallpaper pattern just
as we do, including the region within which
he is “blind.” It can be demonstrated, how-
ever, that his experience of the pattern
in the blind region is due to the fact that
both he and we are extrapolating the
detected pattern across the intervening space
between pattern boundaries. His deficit
becomes apparent when we create a
boundary in the pattern within his blind
region. For example, if we inverted a small
patch of the pattern, it would constitute a
boundary in the pattern, and we would not
extrapolate across it. If it occurred in his
blind region, however, he would not react to
the pattern boundary and would receive the
same encoded byte of visual information
as before, and claim that he saw an un-
broken wallpaper pattern. In an important
sense heis blind, yet he has visual experience.
You do the same thing. There is a blind spot
in the visual field where the optic nerve
leaves the retina. You can make small
objects disappear by centering them there,
but since you can’t see boundaries there
either, your brain normally extrapolates
across it.

Now we might ask, if the brain is reduc-
ing complex features of the visual stimulus
to a simple code of one or a few lines, does
that mean there are things we might not
have feature extractors for, and if so, would
we be unable to see them? That is probably
exactly the case. Experiments suggest that
the visual world of simple creatures like
frogs is quite impoverished. They have some
kinds of elementary feature extractors, and

some complex ones for stimuli (eg: bugs)
which are important to their behavior, but
nowhere near the complex set of feature
extractors that a mammal has. In theory
it would be possible to have a unique line
or coded set of lines activated by every
possible combination of activities on the
retina, but this would be beyond even the
capacity of the nervous system to generate
processing elements. Instead, certain deci-
sions are made as to what things are impor-
tant to see, and decoding for these is
provided. This does not imply that you
would not see anything when looking at a
novel stimulus for which you have no
appropriate high level extractors. At the
first level, simple features such as edges,
arcs, lines and spots are extracted. More
complex features are extracted from com-
binations of these. You might be aware only
of the activity of the low level extractors for
lines, edges, etc, and fail to recognize it as
an object, or you might fail to discriminate
it from objects which were not identical, but
differed in ways which did not correspond
to features you could extract.

As an example, it is possible to fool high
level extractors by giving them marginal
data. Look at figure 1. About 95 percent of
people seeing this picture for the first time
are only able to activate low level extractors
for patches of bounded light and dark. It is
in fact a photograph of the head and upper
forequarters of a black and white cow
(facing left) against some trees and a fence.
Once you know what to look for, you can
nudge the “cow extractors” and get an
entirely different experience. Indeed, once
you've seen it, it's difficult to not see it.
(Don’t panic if you can’t; about 5 percent
of people never see it.)

Actually, there is probably no ‘‘cow
extractor’’ per se, but rather some assem-
blage of feature extractors which together
constitute a code for ‘‘cow.” Let's look
however at some of the properties which
such high level extractors should have. The
most important one is that they should be
free of constraints on position, orientation,
context, etc. That is, if we had to have a
separate extractor for every position the
stimulus might assume in the visual field, we
would need so many elements that the
advantages of the feature extractor approach
would be lost. Next, they should be capable
of implementation by learning, so that the
available processing elements can be best
used to fit the organism’s normal visual
environment. Third, they should not be
limited to spatial forms, but should include
detectors for properties such as motion,
distance, and other aspects of our visual



experience. These are difficult problems,
and we have no good notion of the real
number or nature of the highest order
extractors in the human visual system.
We can examine some of their properties
by fatiguing the extractors through pro-
longed exposure to different types of
stimuli and looking at the effects on our
visual abilities. In animals, we can follow
the process by recording activites of neurons
in the visual system during presentation
of stimuli to the eye.

From these latter experiments, we have a
fairly clear notion of the operation of the
lower order extractors, and the process
seems easily extensible to higher order

features, To serve as a general example of
the algorithm, | will describe in detail the
process by which a feature extractor is
formed which can detect a line segment only
if it is at a particular angle of inclination to
the visual field, but which is location inde-
pendent. That is, it does not matter where
the line is located in the visual field, only
that it be a line and that it possess a certain
angle of inclination. This sort of unit appears
to be one of the typical low level feature
extractors of mammalian visual systems.

The basic gating action used is very simi-
lar to an AND gate. As we have mentioned,
this is one possible mode of action of
neurons, whjch can be implemented by hav-

Figure 1. A white cow
with black ears and nose.
The head is turned facing
you, with the side of the
head in shadow. The large
white area in the lower
right is part of the cow’s
left flank. Before you
‘see” the cow, all that
appears are white and dark
areas. After you ''see’” the
cow, your sensory experi-
ence is still the same in
terms of the stimuli you
are receiving, but your
analysis is very different.
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Figure 2: The generalized
case of the brain’s basic
approach to processing in-
put. The two output lines
at the top discriminate
patterns of input at the
bottom that are very
similar. In reality, the
brain chooses only some
of these possible con-
nections to  facilitate
processing.

1354444

Figure 3: A small area of
the visual field, showing
the portions which can
influence the output of a
single retinal ganglion cell
(RGC) when illuminated.
Some visual neurons act
inhibitory (-), others act
excitatory (+).
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ing a number of inputs required to achieve
firing threshold. In this case, however, we
have an AND gate with a safety factor. By
this | mean that firing level is achieved if
some percentage of the relevant inputs are
active: 100 percent is not required. Think
of it as an “ALMOST gate.” (The brain,
unlike our conventional computers, is con-
tinually dealing in “best guesses’’ rather than
precise solutions, by just this technique.
This is why we make mistakes, but it also
provides for inductive leaps of enormous
power that are right most of the time.)
Connecting a grid of two legged AND gates
together, as in figure 2, illustrates the basic
logic of the scheme. At the bottom level
we have a line of receptors. Above these
are several levels of two legged AND gates,
culminating in the top level with only two
elements. It is clear that the two top level
elements will discriminate between two

patterns of activation of the bottom row
which differ only by one element. Thus,
activation of element A encodes the activity
of a set of bottom level elements indicated
by bracket A, and element B and bracket B
represent a different set. If the bottom row
were retinal receptor elements, A and B
could be feature extractors for illumination
conditions (A) and (B), which are quite
similar. It should be apparent that with
enough gates and elements, this sort of
general convergence scheme could be em-
ployed to extract any feature. This being
impractical, the brain adds two principles
which enormously reduce the processing
required, at the expense of generality. Once
the set of retinal activation patterns to be
recognized has been selected, specific
feature extractors for that pattern are built
from the underlying type of logic illustrated
in figure 2, but modified by the addition of
processes called “‘selective convergence' and
“lateral inhibition.” The meaning of these
terms will become clear shortly. At the low-
est levels, only a few simple types of feature
extractors are implemented and higher levels
build progressively on these. To begin with,
let us examine the first step in this process.
Within the retina itself, there are several
levels of processing resulting in an output
neuron, a retinal ganglion cell (RGC), which
sends its axon into the optic nerve to enter
the brain. If we record from these RGC
neurons, we find that they can be classified
into a few basic types depending on the
kinds of stimulus to which they maximally
respond. Figure 3 shows the portions of the
visual field which affect the activity of a
typical RGC type, and figure 4 shows the
connections which result in this type of re-
sponse. We see that the RGC receives posi-
tive synapses from a small group of receptor
elements located in a central spot (+ region),
and inhibitory synapses from receptor
elements in a ring surrounding this spot
(- region). Remember that the type of
synaptic effect is the choice of the receiving
neuron, the receptor elements in the ‘‘in-
hibitory surround” area are free to make

EXCITATORY CENTER,
LIGHT HERE FACILITATES
RGC FIRING

~

SMALL AREA OF
VISUAL FIELD

INHIBITORY SURROUND,
LIGHT HERE SUPPRESSES
RGC FIRING

LIGHT HERE
HAS NO EFFECT
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facilitatory positive connections with other
RGCs. Now, when the central spot receives
light, it increases the firing rate of the RGC.
When the inhibitory surround is illuminated,
it decreases the firing rate of the RGC.
(In this and all subsequent descriptions, it
is to be taken as understood that we refer
to the intermittent presentation of the
stimulus, either deliberately or through
fine motion of the eye, since the AC coup-
ling properties would tend to eliminate the
response to any maintained stimulus.) If
the entire retinal area which affects our RGC
is illuminated, the excitatory and inhibitory
effects tend to cancel. Here as elsewhere
in the visual system, there is thus little
response to diffuse light. Notice that due to
the shape of the inhibitory and excitatory
regions, a line of light just the width of the
excitatory center spot, and crossing the en-
tire active area, would fire retinal elements
in both the inhibitory and excitatory re-
gions. However, such a stimulus would fire
the entire excitatory central region, but
would only fire a small percentage of the

TO THALAMUS
ViA OPTIC NERVE

RETINAL LIGHT
SENSITIVE ELEMENTS

inhibitory elements since it only crosses the
inhibitory ring in two spots (see figure 5).
The response to a line stimulus crossing the
central spot would therefore be strongly
positive, although less so than to a stimulus
which did not touch the inhibitory region.
There are several other basic types of
RGC organization with regard to the sizes
and shapes of the retinal areas whose illumi-
nation affects them. For example, another
common type has the inverse of the type of
receptive field just considered, that is, an
inhibitory center area surrounded by an ex-
citatory ring. We shall not pursue these in
detail, but pass on further into the brain
with the development of our abstracted
inclined line detector. The next way station,
the target of the optic nerve, is a nucleus
of the thalamus, called the ‘‘lateral genic-
ulate nucleus.”” The axons of the RGCs
make synaptic contact with the cells of this
nucleus just as the retinal elements made
contact with the RGCs. If we record from
these cells while testing for retinal areas
that excite or inhibit them, we find that

AREA WITHIN WHICH
LIGHT INHIBITS RGC\
(-)

AREA WITHIN WHICH
LIGHT E)((C;TES RGC
+

CELL OUTSIDE
RECEPTIVE FIELD
OF RGC (NO EFFECT)

BOUNDARY OF

BAR OF LIGHT
CROSSING RETINAL
AREA

AREA OF RETINA
CORRESPONDING
TO AREA OF
VISUAL FIELD

IN FIGURE THREE

Figure 4: The connections
between the retinal ele-
ments and the retinal
ganglion cell (RGC) which
account for the pattern
of sensitivity shown in
figure 3. In this view, the
pattern of figure 3 would
be edge-on as projected on
the retina.

Continued on page 94

Figure 5: An area of the
retina corresponding to
the area of the visual field
in figure 3, showing the
retinal elements of figure
4 which would be acti-
vated by a stimulus con-
sisting of a long line of
light.
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“‘Steve, you just gotta help me!”’ was my
not so usual frantic midafternoon introduc-
tion to Jerry. He burst into my office with
a manner reminiscent of a storm trooper.
The vacuum he created as he rushed toward
me around the obstacles in his path caused
disturbed paper work to flutter slowly to
the floor in his wake. He stopped abruptly
at my desk and held the contents of his
hand under my nose, hoping to exact
an immediate response from me. Being
abruptly summoned and having objects
stuffed in my face is not generally how
| like to be approached.

“l hope I'm not disturbing you, Steve,
but | need some help.” He extended his
hand again but knew enough not to stick
it in my face. *‘l accidently blew one of the
EROM chips that contains the data ac-
quisition software you gave me. We have a
computer club meeting tomorrow night
and |I'm supposed to demonstrate my com-
puter. I'm just going to ook dumb to all
those guys if | don't have a good demon-
stration. . ."”’

I could understand his plight. If Jerry
were to sit down and discuss his problem
with his children, I'm sure his 9 year old
son would describe it as a classic case of peer
pressure. Designing control systems for
factories on paper is different from a direct

Program Your Next EROM in BASIC

demonstration of one’s capabilities in front
of a knowledgeable group of fellow com-
puterists. Jerry was terrified that he would
be a flop.

“Hold it Jerry... what’s the problem?
You have a computer... | thought you
bought an EROM programmer?’’ | asked,
still trying to ascertain the true depth of
his difficulty. *“You have a listing of the
EROM contents.”

“I've been meaning to get a programmer
one of these days, but it costs a fortune.
| wouldn’t use it enough to justify the ex-
pense. | called Bob and he let me look at the
assembly listing of an EROM programmer.
i brought it along so we could cut another
on your system. |I’ve never been very good
at assembly language programming. The
listing of his programmer looks quite in-
volved. {'m sure | wouldn’t be able to in-
corporate it into my operating system by
tomorrow night. You just gotta help me,
Steve . . . please?”

His pleading was a bit sickening but !
could understand what he was going through.
“Jerry, why don’t you write your own
quick programmer?’’ | asked. “What do you
think it entails?’’ The reason for this line of
questioning wasn’t to antagonize or delay
him, but rather to get a handle on what may
be a problem for more people than Jerry.



“What do you mean? How to do it?
You write an assembly language program
that gets the address and data to the EROM
and you hold it there until it's burned in,
and step to the next address. But it's all
those program loops to keep track of the
address, data and timing. | really bought
this computer to use on BASIC, remember?"’

“You've done some extensive BASIC
programming, haven't you? You have a
computer with plenty of parallel input and
output ports, don't you? Write the EROM
programmer in the language you understand
best. True, it can be written in assembly
language, but it can just as well be written
in BASIC.”

“Huh?"” he grunted, still not quite be-
lieving me. “What do you mean?"’

| felt | had his interest now. | was telling
him that solving his dilemma need not
entail using any more than the canned soft-
ware supplied with his system, and that he
didn’t have to get involved with the “'black
magic’’ of assembly language.

‘“You already said that programming an
EROM entailed getting the address and data
to the EROM and stepping the address
sequentially. Right?"' [ said.

“Yes, but BASIC?” he responded.

“Sure, why not BASIC?” [ said. “By
using INP and OUT commands, address
and data can be set, and PEEK and POKE
commands allow the interface data to be
read into or from memory.” It was im-
portant to convince him of the true value
of high level languages. “You have a moni-
tor program resident in your system that
could allow you to just key the EROM data
list into memory somewhere, don’t you?”’

“Yes, but...."”

“No buts! Just write a BASIC pragram
that transfers this memory table one byte at
a time to the read only memory.” | felt |
was really on the move now; | was going to
“learn’” him something if it killed him.

“Yes, but my BASIC is an interpreter.
It runs pretty slowly. |t's no match for an
assembly language program. Assembly lan-
guage loaders can program an EROM in 100
seconds; BASIC would be an order of
magnitude. .. .”” It was necessary to inter-
rupt him at this point. Jerry was caught up
in the old argument of potential versus
accomplishment.

“Jerry, except for the time taken for
data entry and printing, how long do your
average BASIC programs run?”’

“Oh, 5 or 10 minutes | suppose; why?”
Jerry was not so curious that he had for-
gotten his problem, but his responses had
become less acidic.

o C2708
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‘“And what do you do in between pro-
gram runs or when you go upstairs for
supper?”’ As oblique as my question may
have seemed, | was driving to a point.

“l leave the computer on, of course, so
| don’t have to reload the BASIC. Every-
body does that. Don't you?” His response
was reminiscent of a child not sure whether
he would be reprimanded for raiding the
cookie jar or not telling that he raided the
cookie jar.

‘“‘Jerry, what you just said is that if no
operator interaction is required with the
computer, execution time is irrelevant.
Furthermore, if you started a program like
an EROM loader on off peak use periods,
you couldn’t care less if it took a minute or
an hour to run.”

‘“Yes. . .but. .. well, | guess you're right.”
He had apparently never thought to use
BASIC.

“In conclusion, Jerry, what fanguage are
you best able to program?’’ | had to be
careful | didn't come across too strongly,
but it was never too late to learn.

“BASIC, of course. | know how to pro-
gram in assembly language, but...,”" he
continued, still believing that there was
something wrong about taking a different
approach to the accepted norm.

“Then program the bloody EROM in
BASIC! In fact, | had the same problem a
few weeks ago and built the interface board
already. If you drop over to my house this
evening, I'll show you how it works and give
you an EROM.” The look on Jerry's face
was one of relief, but | was sure he'd even-
tually realize | could have answered his
question when he first walked in. It was
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Photo 1: A closeup of a
2708 erasable read only
memory. Visible through
the transparent quartz
window are the two banks
of FAMOS (Floating gate
Avalanche injection Metal
Oxide  Semiconductor)
storage devices. The con-
tents of this memory stor-
age circuit are erased by
exposing the window to
ultraviolet light.
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important that he understand what he was
trying to accomplish as well as obtain
satisfactory results.

This seems like an overamplified introduc-
tion to a simple construction article, but |
find it easier to present such topics if |
explain how | got involved with them.
There’s no reason that read only memory
programmers should remain as black magic
to the personal computer enthusiast. There
are a number of 2708 EROM programmers
on the market in the $100 to $150 range.
But most of the readers who correspond
with me say they only want to program one
or two for bootstraps and the like. It is for
this reason 1'd like to present a $9 EROM
loader which, when tied to parallel ports
such as those described in a previous article
(November 1977 BYTE, page 10), can
provide this function. Rather than be com-
pletely confusing, maybe | ought to start
at the beginning.

What Is an EROM?

If you presently own a personal computer,
even in its minimum configuration, it con-
tains programmable memory. Most likely the
memory you own is made of semiconductor
memory chips configured as boards with 4 K,
8 K, 16 K or more bytes. Programmable
memory means that any element can be
addressed and read from or written to (that
is to say, programmed) individually.
Addressing is random and is determined by
program necessity rather than configuration.
Any number of electronic elements can
function as programmable memories. TTL
7474 flip flops, bistable relays, core
memory, etc, can all function in this manner,
but are not necessarily cost effective for
personal computer applications. Since the
majority of programmable memory storage
in personal computers is of the semi-
conductor type, one major problem is
created.  Semiconductor  programmable
memory is volatile. When the power is
removed, the data is destroyed.

One solution to the volatility of semicon-
ductor programmable memory is to con-
figure a certain quantity of the storage as
nonvolatile read only memory (ROM).
ROMs exhibit the same random addressing
capabilities as volatile programmable mem-
ory, but the data stored in them is perma-
nent. The required bit patterns are pro-
grammed into them during manufacture, or
during a special postmanufacturing pro-
cedure, and any time power is applied, these
bit patterns will be the same. Most computer
systems containing read only memory use
this vehicle to store bootstrap loaders or

monitor routines that allow ease of system
startup.

A further extension of the read only
memory is the programmable read only
memory, or PROM. When a programmable
read only memory comes from a manu-
facturer, no program data is stored in the
device. To use this type of read only
memory, a special programmer is required
to alter the internal structure of the chip and
impress specific bit patterns permanently
into the addressable memory locations.

It is often desirable to have the non-
volatility of ROMs and the read and write
capabilities of semiconductor programmable
memories. An effective compromise is the
EROM or erasable read only memory. It is
used as a read only memory for extended
periods of time, erased occasionally and
reprogrammed as necessary. Erasure is
accomplished by removing the EROM
integrated circuit from the system and
exposing the chip (covered by a transpar-
ent quartz window) to ultraviolet light. I'll
describe erasure and programming later.

The erasable read only memory tech-
nology used by Intel and most other manu-
facturers is a stored charge type called
a FAMOS transistor, for floating gate
avalanche injection metal oxide semi-
conductor. It is similar to what is known as
a P-channel silicon gate field effect transistor
with the lower, or “floating,”’ gate totally
surrounded by an insulator of silicon dioxide.
The 1 or 0 storage value of the FAMOS cell
is a function of the charge on the floating
gate. A charged cell will have the opposite
storage output of an uncharged cell. By
applying a 25 V charging voltage to selec-
tively addressed cells, particular bit patterns
making up the program can be written into
the memory. This charge, because it is sur-
rounded by insulating material, can last for
years. When this silicon dioxide insulator is
exposed to intense ultraviolet light, it
becomes somewhat conductive. The result is
erasure of all programmed information as
the charge leaks away.

There are many erasable read only
memories on the market: 1702s, 2708s and
2716s are the major ones. For the most part,
experimenters have moved away from the
very difficult-to-program 1702s toward the
more desirable and more easily programmed
2708s. An added benefit is the fourfold
increase in storage capacity of the 2708.
The 2716 is the newest version of this
erasable technology on the market, and at
the time of this writing is considerably more
expensive than the 2708. It is for this reason
that the methods outlined in this article are
used for programming 2708s.
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5Mhz D- 32 Dynamlc Memory Board
| The D-32 is the A ! Main Features '

The D-32 is as reliable as static | ®immediately available, fully
faSteSt S 100 memory memory boards, since close attention l assembled and tested
board available. has been paid to the proper  static board reliability

g engineering discipline to maximize * 32K byte memory
Highest Speed reliability. These details include: the ' ofastest S 100 bowsd avalabie
The D-32's high speed is based use of molded ceramic bypass « independently addressable
upon precise control of timing and capacitors for superior noise 4-K blocks
conservative design. It operates in immunity, keeping trace lines to the o TetEn e addkeas Selealion for
S-100 bus systems with cycle timing edge connector to a minimum to expansion to one megabyte
independent of the bus. suppress noise spikes on the bus, « 5 megahentz typical performance
Memory cycle timing is derived from a precisely-controlled timing and a | 4 megahertz worst-case '
precision digital delay line, which is multi-layer PC board with internal |« cyole timing independent
four times more accurate than other power and ground planes for superior | of S-100 bus
or highest spee
dynamic refresh cycles only when The D-32 has a fully-transparent, | * fully-transparent dynamic refresh
| required and by timing them with a dynamic refresh. Each 4096 byte « lowest power consumption
el Gl DI block is addressable at any 4K page * internal ground plane to increase
program execution, refresh cycles boundary. Extended address | noisegimmun?t
occur following instruction fetch (Ml) selection allows expandability to one « S-100 compatibl J
cycles, and are fully transparent. megabyte co-resident in the system. gmpaiols
Immediate Availability
il ol S AN e AT The D-32 is immediately available
62 - at more than 125 TDL dealers
J? L—J=L_I=J,_I’_rl:11=ﬂ_;=' —"_‘r'—_\'_-ﬁ—‘_‘.- nationwide. They will show you this
Ty fully-assembled, tested and burned in
S [ S [ D-32. If your dealer doesn't carry TDL
sueiarelo | s b hardware/software products, write
Cel = NE==R | il e 1 el or call:
::: [Eegte A o ey e = — 8 _,_:)_L—: Sales Department * Technical Design Labs Inc.
soomess k] Ef_ 3 = Building H + 1101 State Road * Princeton, N..J. 08540
remesn |- e 1 S 609-921-0321
REFRESH CYCLES OCCUR TRANSPARENTLY MEMORY TIMING 1S PRECISELY CONTROLLED USING A TAPPED Cable Address: XITAN PRIN - TWX 510-685-9280
FOLLOWING Mi CYCLE READ ONLY WNEN 230 s DIGITAL DELAY LINE. TIMING SHOWN ISFOR TOLY
NRED BY IN' A SN Tiw § IPU- [} L] - C! = (1]
':E:::: TIME :A:E::O::::::MNFS"‘:‘:ﬂ:c)u" u::oz:u::::z :'r'c:“n:'(:Tlmv:;i[:n:' T)r: LEADING TECHN’CAL
i:::}l:' n:::";u::L::.aln AT THE LEADING DESIGN
EDGE OF PSYNC (OR PSYNC - £1) WHEN SMEMR= |
LABS
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Figure 1: A 2708 erasable read only memory reader and programmer. During reading, the 2708 (I1C5) receives a 10 bit address
on address lines AO thru AS. The elght bits of data stored at that location will then appear as outputs on lines DO thru D7. The
circuit is shown attached to three 8 bit output ports and one 8 bit input port of a microcomputer. (The port numbers chosen
are peculiar to the author’s system and are necessary to fully describe the software interaction.) During programming, bit B6 of
output port 18 Is set high, which causes the Interface to enter the write mode. This signal raises the voltage level on the 2708
select pin 20 from a 0 V read enable to a +12 V program mode enable. The eight data output lines now become data input
lines. The program mode signal also gates output port 16 through ICs 1 and 2 to these data input lines and presents the data to
be stored to the 2708. Each 8 bit data byte is then burned in for 100 ms in 1 ms pulses using ICs 3 and 4.
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5V -5V +12V Gnd
IC Type Pin Pin Pin Pin
1 74125 14 7
2 74125 14 7
3 74121 14 7
4 7407 14 7
5 2708 24 21 19 12

Notes:

1.

All resistors are 1/4 W 5% unless otherwise
noted.

Transistor Q1 is rated for VCE = 40 V. Sug-
gested type: 2N2222A.

Note that 1C4 is a 7407. A 7417 should not
be substituted.

Programming pulse voltage should be between
25 to 27 VDC.

Dutput Port 18

Read.
Program mode enabled.

Low to high transition. Initiates
input byte storage into EROM.

(X’ indicates a ‘‘don’t care’’ condition.)

Programming a 2708

The 2708 is an ultraviolet erasable read
only memory. It is configured as 1024 single
byte memory locations (eight bits per byte).
Figure 1 illustrates a simple interface that
allows the user to both read and program a
2708.

When reading the contents of the
memory, a 10 bit address is presented to
address lines AO thru A9, and the eight bits
of data stored in that location will appear
as outputs of the memory on DO thru D7.
The interface is attached to three 8 bit
output ports and one 8 bit input port. 10 bit
addressing is accomplished by using two bits
of port 18 in addition to the eight bits of
port 17. When B7 and B6 of port 18 are
at a zero level, the 8 bit stored data is read
by input port 16. The port numbers chosen
are peculiar to my system. Any four user
defined available parallel 10 ports that

.accomplish the same functions can be chosen

instead, substituting for the ports | used.
Programming is straightforward. B6 of
the output port 18 is raised to a 1 level to
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set the interface to the write mode. This
signal raises the voltage level on the 2708
chip select pin 20 from a zero volt read
enable to +12 V program mode enable. The
eight data output lines now become eight
data input lines to the memory. The pro-
gram mode signal also gates output port 16
through a pair of 74125s to these data input
lines and presents the ‘‘data to be stored”’
to the 2708.

According to the manufacturer’s specifica-
tions for the 2708, it takes 100 seconds to
fully program or “burn in” the EROM. A
little simple division would lead one to
believe that each address byte should be
programmed for 100 ms. Yes and no! Each
byte has a cumulative programming time of
100 ms, but it is done in 1 ms pulses. All
addresses must be cycled through the pro-
gram sequence before repeating the puise on
a particular location. In plain English, as
each byte is addressed it is given a 1 ms
program pulse. To accumulate 100 ms per
byte, the program must be repeated 100
times. More on this later.

IC3 and two sections of IC4 provide the
+25 V program pulse to the 2708. IC3 is set
for a duration of 1 ms and is triggered by a
logic O to 1 transition at its input. The 2708
both sources and sinks current through pro-
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gramming pin 18, so a combination of
devices is necessary rather than a simple
open collector driver. In the write mode,
when CS/WE pin 20 is at +12 V and between
programming pulses, pin 18 has to be pulled
down by an active device because it sources
a small amount of current. The 1 ms pro-
gramming pulse itself is about 30 mA and
cannot be easily accommodated without
emitter follower configured Q1. This pulse
should be between 25 and 27 V at pin 18.
Three 9 V transistor radio batteries will
suffice for this application or a commercial
24 V, 50 mA power supply can be used.
Most supplies can be resistor trimmed to
produce the desired 25 to 27 V.,

The logic behind this interface is simple:
set an address and read data, or set an
address and write data. Every EROM pro-
grammer | have seen uses an assembly
language routine to sequence the operation.
This interface is no exception. It will run
faster if controlled in that manner, especially
if wired to the memory bus for read opera-
tions rather than through 10 ports. It does
not have to be controlled through BASIC.

BASIC is the predominent high level
language in personal computer use today.

RN

Photo 2: A 2708 pro-
grammer built from the
circuit in- figure 1. This
board wuses parallel 10
ports to set data and
address.
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100
110
130
140
150
155
160
170
180
200

REM FIRST WE CLEAR THE OUTPUT AND SET IT
REM TO THE READ MODE

ouUT 18,0

FORN=0TO3

FOR M=0 TO 255

OUT 17,M : OUT 18N

PRINT "ADDRESS **; (N*256)+M;"=";INP16
NEXT M

NEXTN

END

Listing 1: A BASIC program used to read the contents of an erasable read
only memory. This program and the programs in listings 2 and 3 were written
in 8 K Zapple BASIC marketed by Micro Com.

100
110
114
115
120
130
135
140
150
160
170
180
200

OUT 18,0 :REM SET TO READ MODE
LET X=26000 :REM

REM SET X=DECIMAL ADDRESS OF THE
REM START OF THE MEMORY TABLE
FORN=0TO 3

FOR M=0 TO 255

OUT 17,M:0UT 18N

POKE X, INP16

LET X=X+1

NEXT M

NEXT N

PRINT "TABLE LOADED"”

END

Listing 2: A BASIC program used to read the contents of a 2708 erasable
read only memory and store the data in memory.

90

100
110
120
130
140
150
155
160
165
170
180
190
200
210
220
230
240
250

FOR T=1 TO 100

LET A=64 :0UT 18,A :REM 64 ISBIT 6 SET

REM THIS SETS THE INTERFACE TO THE PROGRAM MODE
LET X=26000

REM X IS THE START OF THE MEMORY TABLE

FOR N=0TO 3

FOR M=0 TO 255

LET D=PEEK X

OUT 17,M : OUT 18,N+A :0UT 16,D

REM LINE 160 SETS THE ADDRESS + DATA BYTES

OUT 18,N+A+128 :REM 128 IS THE PROGRAM PULSE BIT
OUT 18,N+A :REM RESET B7

LET X=X+1

NEXT M

NEXTN

LET M=0 :LET N=0

NEXT T

PRINT "'DONE"

END

Listing 3: A BASIC program used to program a 2708.

90

It is only natural for an experimenter pro-
ficient in BASIC to consider using this
method. It is important to remember that
most BASIC systems use interpreters and
will  perform operations very slowly
compared with assembly (machine) language
programs; but, if fast operation is not a

# particular requirement, BASIC can perform
the same functions.

Reading the contents of a 2708 is a
simple procedure, as shown in listing 1.
Obviously, it takes a long time to print the
1024 bytes in the memory chip even though
formatting would speed it up. Another
operation which is useful is to read the 2708
and load it into memory, such as in the case
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of a utility program or interface driver. The
concept is the same, but the print statement
is deleted. The new program, which reads
the EROM and loads it into memory, is
shown in listing 2.

Programming the 2708 is no more com-
plicated than reading it. There are two
sources for the data to be placed in the
2708. It can come from a 1 K byte listing
presently resident in memory (such as that
produced by an assembler), or via keyboard
entry. Keyboard entry, while possible, is
very time-consuming and requires that an
array be produced with 1024 variables. If
keyboard entry is desirable, it would be far
better to use an existing resident monitor
program to load memory directly from the
keyboard and produce a memory-resident
table which is then transferred to the 2708,

The program write pulse timing takes
advantage of the fact that BASIC is slower
than assembly language. To load a memory
with data, output port 18 bit B6 is set to
a logic 1 level. This enables the program
pulse generator, IC3, and data input source
through the 74125s, After the address and
data words are sent to the outputs, port
18 bit B7 is raised to a logic 1, causing the
oneshot to fire. The duration of the pulse
is 1 ms. If this were an assembly language
program, a timing routine would have
to be used to time out 1 ms before stepping
into the next address and data combination.
BASIC takes approximately 5 ms to
interpret and execute each of the commands
used in this program. With such interpreta-
tion delays, the program can’t possibly over-
drive the programming sequence, and there-
fore needs no timing loops. As stated earlier,
to meet manufacturers’ specifications, 100
1 ms sequences must be performed. [/f you
reprogram the algorithm for another lan-
guage, or use a BASIC interpreter, make
sure the timing is comparable. . .CHJ Such
a program is shown in listing 3.

How About a 2 Minute 2708 Write Cycle?

This program is not very fast, and in fact,
takes 30 to 40 minutes to run for the full
100 loops. This is fine if you aren’t in a
hurry, but a better way is to write an intelli-
gent programming routine, Yes, the manu-
facturer states that to be absolutely sure the
2708 is programmed, 100 loops should be
executed. But, it has been my experience
with the many 2708s I've programmed using
this interface, that it takes only one loop.
This is not to say that all devices will per-
form similarily, but it does lead to some
interesting programming compromises. Elim-
inate the FOR and NEXT loop at lines 90
and 230 in listing 3. Next, at line 230, insert
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IMSAI Introduces the PCS-80/30
Integrated Video Computer

(] 3 mHz microcomputer
(] 3K ROM monitor
[J2K RAM
(] 8 expansion slots
14 mHz integrated intelligent
CRT (24 x 80)
] Intelligent Keyboard
[] Parallel interface
[] 2 serial interfaces
[] Graphic and edit CRT
functions

(] 28 amp power supply
(] All for $1499* assembled
and tested.

Software:

ASSEMBLER, DOS, TTY and ACR
BASIC, Commercial/Scientific BASIC,
FORTRAN 1V and more.

Memory Options:

4, 16, 32 and 64K RAM memory boards.

Circle 55 on inquiry card.

Peripherals:

Printers, floppies—mix and maltch;
standard, mini and high performance
double density floppy disks on the same
system (an industry first), 4" magnetic
tape drive, CRT and TV monitors.

Send today for your copy of the 250-page
IMSAL PCS-80/30 User Manual. Price
$5.00. The cost of the manual may be
applied towards your purchase of a PCS-
80/30 Integrated Video Computer. Use
the coupon provided.

Gentlemen:

Send me the IMSAI PCS-80/30 User Manual, price
$5.00. I understand that the $5.00 may be applied
towards the purchase of a PCS-80/30 Video
compuler System.

Check/Money Order enclosed. Amt. §
Charge my [ BAC[JM/C

# Exp. Date:

Sig. ——
Name =
Address.

City - N
State/Zip

IMSA|l 14860 Wicks Blvd.  San Leandro. CA 94577

IVISA

The Standard of Excellence
in Microcomputer Systems

IMSAI Manutacturing Corporation
14860 Wicks Blvd. San Leandro, CA 94577

(415) 483-2093 TWX 910-366 7287

*U.S. domestlc price only. PCS-80/30 kil availuble. Other PCS-80 kits start

at $699. Prices and specitications subject to change without notice.



Photo 3: An Ultra Violet Products UVS-IIE ultraviolet eraser for 2708s and
similar erasable read only memories. This unit can hold four circuits at a
time on conductive foam inside the tray.
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a program that will read the data. After each
complete loop, read the 2708 byte by byte
and compare it to the source table in
memory. If it is equal, then stop. Program-
ming is done. If any one or more bytes do
not correspond, return and sequence
through another complete program cycle. In
my experience with premium 2708s, | have
yet to require a second loop. This will allow
fast temporary writing for program checkout.
When the software is finalized, reprogram
the 2708, when time allows, with the full
100 loops to ensure longevity of the stored
data. While conceptually it may seem more
feasible to rewrite only errant data bytes, in
practice this is not advised.

EFracirno = sl

When 2708s are bought directly from a
manufacturer they come completely erased
{every byte is hexadecimal FF). If you plan
to write a 2708 program once and you either
don't want to modify it or you don’'t make
mistakes, forget about erasing. The majority
of experimenters will undoubtedly want to
reprogram 2708s and similar erasable read
only memories. It then becomes necessary
to know how to erase them. We all know
that the 2708 is ultraviolet erasable. How-
ever, duration, distance from the light
source, and intensity determine the quality
of the erasure.

People concerned about maintaining

manufacturer’s specifications during the pro-
gramming sequence should also be advised
of the proper erasing methods. Unlike the
test-read-after-write loop method for pro-
gramming, 2708s are usually removed from
the circuit during erasing. It is therefore
advisable to perform the procedure correctly
or it will have to be repeated.

The typical 2708 can be erased by
exposure to high intensity shortwave ultra-
violet light with a wavelength of 2537 A.
The recommended integrated dose (ultra-
violet intensity X exposure time) is 12.5
Watt-seconds per  sguare  centimeter
(Ws/cm2). The time required to produce
this exposure is a function of the ultraviolet
light intensity.

Choice of a particular ultraviolet eraser
should be equally divided between cost and
safety. A commercial unit not only specifies
its intensity (which allows computation of
exposure time), but also includes some very
important interlocks. It is conceivable that
some homebrew erasers might have improper
shielding that can allow the ultraviolet light
to escape or be accidently turned on while
being viewed. Such possibilities can lead to
permanent eye damage.

One of the most cost effective erasers
on the market is the UVS-11E by Ultra
Violet products in San Gabriel CA. This
$59.50 unit is made especially with the
home computer market in mind and includes
some very important safety features. The
lamp will not operate unless properly seated
in its holding tray and, if lifted from the
tray, will automatically shut off. At the
standard exposure distance of 1 inch
(2.54 cm), the UVS-11E produces an inten-
sity of 5000 uW per square centimeter
(uW/cm?2). Exposure time for the 2708 is
easily calculated. Exposure time (T):

Tg = N

where:

] = required erasure density of device,
I = incident power density of eraser.

For a 2708 which requires 12.5 Ws/cmz:

| = 5000 uW/cm?2,
] = 12.5Ws/cm?,
Tg = 125 = 2500 seconds;
5000 X 106
or
Tg = 41.6 minutes for complete

erasure.



“Well, Jerry, it wasn't all that bad, was it?
We got your 2708 programmed with plenty
of time to spare and now you know how
easy it is to do it yourself.” | sensed he felt
relieved that he didn’t have to cancel his
grand computer expo for the computer club
that evening.

“Thanks, Steve. | knew that anyone with
as much computer junk in his cellar as you
have had to have the solution to my prob-
lems. It's so much easier when you're
working with someone experienced in these
matters.’

The temporary glow produced by his first
statement quickly subsided. | got this
strangely familiar tinge of pain as | started
to recognize the now familiar line. Other co-
workers had involved me in computer gam-
bling and stock market schemes that turned
into real fiascos. Rather than argue in my
defense, | just shrugged off the desire to take
the 2708 back from Jerry, throw it on the
floor, and jump on it. How do | get myself
into these things? Sanity prevailed and |
just said softly, “We’ll see.”

Next month: remote AC control.m
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Circle 115 on inquiry card.

Space...The Final Frontier, Inc.
Presents

SPACE-CON 7

¢ COMPUTER GAMES & FILMS*
* SPACE SCIENCE
* SCIENCE FICTION

ANAHEIM CONVENTION CENTER
Memorial Day Weekend
MAY 28 & 29, 1978

*Exhibitor Inquiries Invited
10° By 10° Booths Available For $170
In June, 1977, we had 15,000 in

attendance at the Los Angeles
Convention Center

For Information Contact:

2817% K Street
Sacramento, CA 95816
(916) 446-3710

OUTSTANDING
TERMINAL
EQUIPMENT

VALUE

>

-/IBM 2741 — compatible or

standard ASCII (with Break and
Control code features). RS232-C
interface.

RECONDITIONED SELECTRIC
d TERMINALS

CONTACT KEN PAYNE

Dal-Data Inc. - 111 W. Mockingbird Lane
Suite 1400 + Dallas, Texas 75247 * 214-630-9711

\

IBM Correspondenca = 1
or BCD Code QP JP0
® RS232C interface

ASC Il Code
® 300 Baud 200 Character
Print Buffer
® RS232C Interface
® Break and Control Code features

Circle 15 on inquiry card,
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Continued from page 83

Figure 6: The convergence
pattern of retinal ganglion
cell (RGC) units on a
thalamic cell, showing the
spatial relations of the
receptive fields of the
RGCs which project to
the same thalamic cell.

Figure 7: The pattern of
convergence of thalamic
cells onto a cortical
oriented line detector
(simple field cell). The
spatial relations of the
receptive fields of the
thalamic cells which pro-
ject to this cell in an
excitatory manner is so
chosen that their own
excitatory regions lie In
a straight line.
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RECEPTIVE AREAS OF
VISUAL FIELD FOR RGCs
CONVERGING ON
THALAMIC NEURON

they have response patterns rather similar
to the RGCs. That is, central spots and
oppositely acting surrounding rings, etc.
The active fields tend to be somewhat
larger, but it appears that the thalamic
cells receive positive inputs from RGCs
whose positive centers are close together,
so that essentially the same pattern is main-
tained. This is illustrated for a typical “on-
center, off-surround’ thalamic cell in figure
6. Actually, at this level there is a great deal
of additional processing going on that has
to do with modifications on the basis of
data returning from the cortical areas to
which the thalamic cells project, and also
data from other brain regions which have
input to the visual analysis system. We
shall speak more of these other inputs later,
but for now we shall follow our line detector
system on to the cortex.

The axons of the thalamic cells make
contact with a class of cortical cells known

OVERLAPPING INHIBITORY
SURRQUNDS QF SELECTED
THALAMIC CELLS’
RESPONSE FIELDS

[V

RETINAL
GANGLION
CELLS
(RGC)

vnsum.
/conrsx
\NEURON oF

LATERAL
GENICULATE
NUCLEUS OF
THALAMUS

as “‘simple field cells.” These cells typically
respond preferentially to more complex
stimuli, such as lines of light at particular
inclinations, and particular locations.
Usually, it is found that a column of cortical
simple field cells deals with the analysis of
some small area of the retinal image, and
contains a large number of such line
analyzers. Each is responsive to a line at a
slightly different angle, but all are concerned
with the same small area. Figure 7 shows
how such a line detector can be constructed
from the output of the thalamic cells. What
is required is that the thalamic cells which
have a positive influence on the firing of the
cortical simple field cell are selected to be
ones that have their own circular excitatory
centers in the visual field in a straight line
at some angle to the vertical. If the inputs to
our cortical cell are so selected (selective
convergence), then the optimal stimulus
for firing it will be a line of light which
passes through the excitatory central spots
of all the lower echelon thalamic cells’
receptive fields. Such a stimulus will produce
a strong (but sub-maximal) firing in each of

OVERLAPPING EXCITATORY

CENTERS OF SELECTED

THALAMIC CELLS'
RESPONSE FIELDS

"\ N\

A _/

\—REGION COVERED BY

OPTIMAL STIMULUS
FOR CORTICAL SIMPLE
FIELD CELL

SMALL AREA OF
VISUAL FIELD

CORTICAL SIMPLE
FIELD CELL

FOR ORIENTED
.—\ LINE DETECTION
. TO HIGHER

CORTICAL LEVELS

SELECTED
THALAMIC CELLS



Vi & Vil

are finally

released!

Volume VI

Yes and it still contains what was previously
advertised. A fully disk interactive business
packags with A/R, Inv., A/P, ledgers, tax totals,
payroll records, more.

As a bonus it also contains the Users Manual for
our Firmware Ledger ‘package. These 100 extra
pages contain report formats, file creation rou-
tines and our very powerful program ACBS1 used
to create the powerful file structured data base.

$49.95

Volume VII

Here is that Chess program you have been
waiting for as well as a disk interactive Medical
Billing package with patient history file.

Also included is our disk interactive Word
Processing package

(revision 0).
$39.95

Add $1.50/Vol. for U.P.S. and handling except t0 APO and PO addresses.
Foreign orders add $8/Vol. for air shipment — US dolfars only. No purchase
orders over $50.

Soon To Be Released —Vol. VIII-Homeowners Programs
(Includes Federal Income Tax Program)

VOLUME | — $24.95
VOLUME |l — 24.95
VOLUME Il — 39.95.

VOLUME IV — 9.95
VOLUME V — 9.95

OUR SOFTWARE IS COPY-
RIGHTED AND MAY NOT BE
REPRODUCED OR SOLD.

Due to the numerous copyright violations on
our earller volumes — untit further notice we
are offering a REWARD leading to the arrest
and conviction of anyone reproducing our
software in ANY way without our written
permission. This includes diskettes, paper and
magnetic tape, cassettes, records, paper
copies, .etc.

SCIENTIFIC
RESEARCH

220-B Knollwood
Key Biscayne, FL 33149

Phone orders 800-327-6543
Information 305-361-1153

AVAILABLE AT MOST COMPUTER STORES

10% discount on purchases of entire set. Offer expires’ December 30, 1877

BANKAMERICARD

honored
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LINE STIMUL!
WHICH FAIL TO

SMALL AREA OF
VISUAL FIELD

EXCITE ORIENTED
SIMPLE FIELD CELL

INHIBITORY

EXCITATORY
CENTER OF
ORIENTED
CORTICAL SIMPLE
FIELD LINE
DETECTOR

Figure 8: Lines of light
which are not optimally
placed do not activate
the simple field cell since
they either do not strike
sensitive  elements, or
strike  excitatory  and
inhibitory areas equally.

Figure 9: The - develop-
ment of a complex field
cell of the cortex which
responds to lines at certain
angles, but without refer-
ence to spatial location
over a large retinal region.
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SURROUND OF
ORIENTED CORTICAL
SIMPLE FIELD

LINE DETECTOR

the thalamic cells since it will intersect some
of the inhibitory territory of each, but such
a sub-maximal output from each of them is
the maximal input for the cortical level
cell. Now look what happens if the line is
turned at a different angle, or moved to a
different position as in figure 8. If the angle
is not aligned with the line of the “on-
centers,” one thalamic cell will show a
positive response; but the others will not,
and may have their inhibitory areas acti-
vated. There is thus little input to the corti-
cal line detector. If the line is kept at the
correct angle, but moved to the side, it falls
in all inhibitory territory, or else beyond
the active region altogether. Thus, while
our simple field cell can discriminate angle,
it also discriminates location.

The next level of abstraction is reached
with the so-called “complex field cells’" of
the cortex. A typical example of one of
these would be a cell of the type we have
been seeking, one which would respond to
a line at a specified angle, located anywhere
in a large area of the visual field. Such a
cell is easily constructed if it can OR gate
the outputs of a large number of simple

EXCITATORY CENTERS OF SELECTED

SIMPLE FIELD ORIENTED LINE DETECTORS

(SURROUNDS AND OVERLAPS OMITTED
FOR CLARITY).

field cells, all of which respond to a line at
the same angle, but whose specific sensitive
locations with regard to retinal position dif-
fer, and are spread over a wide area, as
shown in figure 9. Again, certain conver-
gence patterns are selectively implemented.
In this case the convergence principle is
parallelism.

In actuality, the connections are not so
straightforward as | have suggested; there is
much up and down traffic from thalamus to
cortex and back. There is much up and
down traffic between different levels of the
cortex as well. The principle however is
essentially as illustrated. By continuing this
type of operation, and by combining out-
puts of different types of cells, it is clear
that feature extractors of any desired degree
of complexity could be built. Arc detectors,
edge detectors and numerous other types
are already available at the simple field cell
level. At the level of more complex feature
extractors, which may be in areas of cortex
outside the primary visual cortex, it is very
difficult to determine the effective stimulus
for a cell simply because of the enormous
number of stimuli that it might respond to.
In a monkey brain, for example, a cell has
been reported by one researcher which
responded only to the outline of a hand.
It is not necessary for us to specify all
these types of feature extractors for our
purposes. The particular set that was most
useful to a human’s brain would probably
differ from the most useful set for a robot
brain. It is sufficient to see the principles
by which the feature extractors can be con-
structed. Let us review these.

First, it is clear that not all possible
combinations of retinal receptor activa-
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tion are encoded by higher level cells.
Rather, some types of features are settled
upon as useful building blocks, and these
are encoded by cells upon which the outputs
of certain lower level celis converge. The
particular set of lower level cells is selected
on the basis of the spatial relationship of
their receptive fields on the retina. This
is the principle of selective convergence.
Look again at figure 2; it is as if we had
abandoned such a generalized system in
favor of a more limited but more economical
one by omitting some branches, and bring-
ing several more from selected places to-
gether at each stage. Second, the response
of the higher echelon cell is frequently fine
tuned by provision of lateral inhibition.
That is, lower echelon celis frequently have
inhibitory projections both to their neigh-
bors to either side at the same level, and to
the neighbors of the higher echelon cell
to which they send excitatory projections.
The arrangement of these inhibitory pro-
jections is often chosen to help the cell
discriminate against stimuli which are
similar enough to the target feature to
potentially generate some responding, if not
full responding, in the cell. Thus, in the
simple cortical field cell line detector in
figure 8, if the angle of the line were only
slightly off of the desired angle, it still might
cross the on-centers of several of the
thalamic cells which input to the cortical
cell, and cause some considerable response
in the cortical cell. It should of course only
activate some other angle detector. This
difficulty is surmounted by the fact that
in order to cross the first cell’s line of on-
centers at a small angle, the stimulus would
also have to cross a large amount of territory
which inhibited the thalamic cells’ output.
(If the angular discrepancy is large of course
there is little problem.)

The third principle of general relevance
is related to the problem of how much input
will be required to fire a higher echelon cell.
Recall that the neurons are not functioning
strictly as AND or OR gates, in that a cer-
tain percentage of inputs active is all that is
required for firing. This ALMOST gate
principle is one of enormous power, and we
shall have more to say about its applica-
tion to intelligence in a later article; but for
the moment look at what happens in the
sensory system if we let the percentage of
inputs required for firing be an adjustable
parameter. If we required that all the lines
be active as in a conventional AND gate,
we would have a perfectly accurate system,
like any good conventional computer. We
would also have a slow and insensitive sys-
tem. To get all the inputs properly set up,

we would need to wait for perfect alignment
of the image, probably close up for good
resolution, and have good illumination to
avoid any marginal situations. It would be
accurate, but your ancestors would never
have reached reproductive age if they'd
had to wait on that kind of situation before
decoding the stimulus as a wolf. On the
other hand, if we let the system be sloppy
and fire feature extractors when only a
small number of relevant input lines are
active, we will get quick results, with a lot
of errors. In particular, we would be unable
to make fine discriminations amongst simi-
lar stimuli which would activate many lines
in common.

This kind of error is easily demonstrated.
Briefly flash a picture of a circle with a small
piece missing on a screen, and your subjects
will report that they saw a complete circle.
Only if they get to examine the image longer
will they be able to discriminate the broken
circle from a complete one. Now clearly
both modes of processing have their uses,
and it would be nice to adjust the percentage
input requirements of the ALMOST gates to
suit the task at hand. This is done in the
brain by axons from control regions of the
brain outside the sensory system which
make diffuse and widespread contact with
large numbers of sensory processing ele-
ments. These inputs carry no specific visual
information, but by excitatory or inhibitory
action they can bias the processing elements
towards or away from firing threshold, thus
increasing or decreasing the amount of input
from lines carrying specific information
which is required before firing occurs. When
this process is driven beyond riormal limits,
as with various drugs, the feature extractors
can be biased so close to firing that little
or even no input is required. The re-
sult is a variety of visual distortions and
hallucinations.

A fourth point worth noting is that the
system resembles a pipelining type of
processor. As soon as the cells of any eche-
lon have fired in response to the current
state of their inputs, succeeding echelons
begin dealing with that fact while the earlier
echelon begins to respond to the next state
of their inputs. It is not clocked, it just all
trickles through as fast as it can, but that
only means that some things take longer to
recognize than others. There is no need for
it all to be processed in lockstepped stages
like a real pipelining system. However, infor-
mation can be siphoned off the line at any
stage as well as being passed on to the next.
If you need to catch a fast moving object,
you can respond to information about its
position, which is encoded fairly early in
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the process, without having to wait for a
detailed analysis of its surface markings
based on more extensive processing.

We have emphasized the development of
a particular feature extractor to clarify the
process involved. The emphasis on selective
convergence should not obscure the fact
that each lower echelon cell’'s outputs
usually go to many higher echelon cells, not
just one. Further, these outputs may be in-
volved in the extraction of entirely different
features at each of the higher echelon cells
to which they project. It is not the case then
that we have a grand convergence that
starts with a million bit byte of retinal ele-
ments and gates itself down to a few high
level cells. Rather, we come out the other
end of the process with a ‘“‘byte” contain-
ing even more lines than the input byte.
The difference is that the bits in the input
byte represent the spatial pattern of il-
lumination on the retina in a simple point
for point code. The bits in the output byte
of the system each represent the occurrence
or non-occurrence of a complex pattern of
features in the visual world, and can be used
to directly activate appropriate responses.
Thus, the input byte and the output byte
of the visual system each contain the same
basic information — the content of the visual
world. However in the output byte the infor-
mation is recoded so that the bits each rep-
resent highly useful pieces of information
about the patterns occurring among the in-
put bits. Referring again to figure 2, the real
situation would be one in which there were
as many cells at the top of the figure as at
the bottom, with each convergent tree lead-
ing to a top level cell containing many
elements in common with other convergent
trees, just as the two shown do.

We have dealt so far only with the proc-
essing of spatial patterns of retinal illumina-
tion. There are many other things which are
dealt with; motion detection by sequential
activation of retinal elements is one ex-
ample. Depth perception by comparison of
the patterns from the two retina is another.
One that deserves special mention here is
the handling of intensity information.
This is done in the brain by use of the ana-
log information in the cell’s ‘“‘temporal
byte.” That is, each line carries one bit in
the “spatial byte” which encodes the exist-
ence of some set of conditions at the retina
related to which cells are activated. The
rate of firing of the line encodes, in pulse
frequency analog form, information about
the strength of that activation. For low
echelon cells, this is essentially information
about the intensity of the light falling on
the receptors. At higher echelons in the
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sensory system, it is information about the
“degree of certainty’’ of the cell in question
with regard to its identification of a feature.
This information derives from both intensity
and spatial information, since both higher
pulse rates and more lines active will in-
crease the firing of the cell. This is an ex-
ample of the way in which the brain may
combine digital and analog information in a
single decision process. The nature of
what is being encoded by intensity at
the higher levels of the process may be
better understood by applying the ‘‘degree
of certainty” concept to the lowest levels,
where the temporal byte represents light
intensity. Obviously the low level element
has the greatest degree of certainty that it
is being illuminated when it is being illumi-
nated most strongly. At higher levels,
number of inputs and activity of inputs can
trade off with regard to drive on the re-
ceiving cell, and this is generally appropriate,
because the degree of certainty about the
existence of the feature to be decoded is
increased if there is either a broad agreement
among the inputs, or if the inputs are them-
selves ‘‘very certain.” In general in the brain,
“He who vyells the loudest has the most to
say.” Since cells don’t have egos, it works.

In any realistic approach with present
day hardware, this would probably have to
be modeled using a byte of several bits in
place of each single line in the brain. “Which
byte’’ would be equivalent to “which axon,”
and the bit pattern would carry the infor-
mation carried by the temporal byte on the
axon.

Given that the number of conceptual
features into which the visual world could
be subdivided is virtually unlimited, whereas
the number of available bits in the systems’
output byte is merely enormous, how does
the brain decide which features to encode?
Some of it, the simplest parts, are un-
doubtedly the result of evolutionary selec-
tion, hardwired at birth. Much of it however
is probably developed in response to the
type of visual environment in which the ani-
mal grows up. There is evidence, for ex-
ample, that if a kitten is exposed to a visual
world containing only vertical lines at a
certain period of its development, its visual
cortex will be rich in line detectors with a
near vertical orientation, and poor in de-
tectors for other orientations. Apparently
this pattern persists throughout later life.
It seems similar to a PROM.

Finally, we should mention some types
of nonvisual input to the process that carry
very specific correction information. Try
this experiment. Look across the room while
moving your head from side to side. Notice
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that the world seems to stay still, even
though you are moving its image around on
your retina. Now move the image around
on the retina in a different way. Place your
fingertip against your lower eyelid and
lightly jiggle the eyeball while looking across
the room (keep the other eye closed). Notice
that this time the world seems to jump
around as the image is moved about on the
retina. Why the difference? In both cases
the image is moving around on the retina.
The answer is that movement of the image
caused by moving the head in the usual
manner is naturally an everyday problem for
the brain in interpreting the visual world.
It solves the problem by using feedforward
information from the motor nuclei which
control the movement of the head and body
to correct the interpretation of the relative
motion of image and retina to precisely
allow for the motion as it occurs. Since you
don’t usually go around jiggling your eye-
ball with your finger (I assume), your brain
has never developed a mechanism to pre-
correct for doing so, and you see the mo-
tion. There are more subtle nonvisual inputs
to the processing too, such as your moti-
vations, but these are poorly understood
and beyond the scope of these articles.

Now the hard part. How might we model
such a visual system with current digital
technology? As a start, let’s examine what
would be required of a “brute force” ap-
proach if we didn’t care what it cost. [t
would seem the most straightforward
method would be to have a set of micro-
processors at each echelon modeling the
activity of each of the elements at that
level. Since with straight digital techniques
we would have to code intensity on a byte
of several bits length, each lower echelon
input element talking to an upper echelon
unit would have to present a byte rather
than a line. This means (say) eight lines
for each converging step and each lateral
inhibition, instead of one. Each processor
would then accept a number of bytes from
elements at a lower level, which it would
process according to a small ROM program,
and a number of bytes laterally from its
neighbors, which data would also figure in
the result. The ROM program would deter-
mine the type of response of the “cell,”
and its output would be a byte on a bus
that ran to a number of yet higher echelon
processors, and laterally to its own neigh-
bors. If we really wanted to model the
brain’s operation, this would all be con-
ducted with handshaking logic and the
processors would all have their own private
clocks. Each processor would simply con-
tinually compute the result of whatever
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Receivable

General Ledger

These books may be used independently, or
irnplemented together as a complete ac-
counting system. Each contains program
listings, user's manual and thorough docu-
mentation. Written in an extended version
of BASIC.

#22002 (400 pages), #23002*%, #24002*

POV ROIL WETH (OS] KON ING
5 maww
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AN INTRODUCTION TO MICROCOMPUTERS

AN INTROOUCTION
YO HAICROCOMBUTERS

Volume O - The Beginner's Book

If you know nothing about computers, then
this is the book with which to start. It tells
what computers are all about and describes
their component parts. When you've read
this, you’'ll be ready for Volume I.

#6001 (300 pages)

Volume | — Basic Concepts

The world’s best selling computer text de-
scribes those characteristics common to all
microprocessors yet specific to none. All
hardware and programming concepts you
will ever need to know are explained at an

elementary level.
#2001 (350 pages)

SOME COommoR
s
PROGRAMS

Some Common BASIC Programs =)
76 short practical programs, most of which ==
can be used on any microcomputer with any
version of BASIC. Complete with program
descriptions, listings, remarks and exam-
ples.

#21002 (200 pages)

Volume Il — Some Real Products
{revised June 1977)

Every common microprocessor and all sup-
port devices are described. Only data sheets
are copied from manufacturers. Major chip
slice products are also discussed.

#3001A (1250 pages)

ASSEMBLY LANGUAGE PROGRAMMING
8080A/8085 Assembly Language N
Programming ) el

6800 Assembly Language 8080R/8085
Programming '

8080 Programming For Logic Design
6800 Programming For Logic Design
Z80 Programming For Logic Design

Assembly language primers in the classical
sense, these books treat assembly language

5 & [mEanz) PsyningELoirecim: (, i a \ These books describe the meeting ground
N

of programmers and logic designers; written
for both, they provide detailed examples to
illustrate effective usage of microprocessors
in traditional digital applications.

#4001, #5001, #7001 (300 pages each)

puter. Full of simple programming examples.
#31003 (400 pages), 32003+

Lonce A. Leventhal

OSBORNE & ASSOCIATES, INC. « P.0.Box 2036 < Berkeley, California 94702 - DEPT. I6
PRICE | QTY AMT
6001 Volume 0 — The Beginner's Book $ 750 NAME
2001 Volume | — Basic Concepts 7.50
3001A Volume Il — Some Real Products 15.00 ADDRESS
4001 8080 Programming For Logic Design 7.50
5001 6800 Programming For Logic Design 7.50 (=104 STATE zP PHONE
7001 280 Programming For Logic Design 750 SHIPPING CHARGES Shipping charges for bulk orders to be arranged.
4th cl charge. allow 3-4 ks within USA, not licable to discounted
31003 B08CA/8085 Assembly Language Programming 7.50 o 555100 Lgs=razow weeksiwitnin nawappiicablelra/tiscounted ortiars)
0O  $.50 per book. UPS lallow 10 days)in the U.S.
21002 Some Common BASIC Programs 7.50 ] o YELRT2e
22002 Payroll With Cost Accounting 12.50 O $1:50 per book. special rush shipment by air in the U.S.
©6-1/2%, SF Bay Area residents only TOTAL 0O $3.00 per book. forelgn alr mail
® 6%, California residents outside SF Bay Area . . *This book is not yet available.
® Payment must be enclosed for orders of Sales Tax {Calif. residents only} Please notify me when it is published: Please send information on:
wiRave en;g:ﬁks OiIEss] Shipping Charges O 23002 Accounts Payable and Accounts Receivable O consignment
[Jcheck [Jmoney order ~ TOTAL AMOUNT OF PURCHASE 0O 24002 General Ledger O dealer discount

0O 32003 6800 Assambly Language Programming O foreign distributors

F3
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Circte 78 on inquiry card,

HE &
TRS 50 SOFTWARE

ORDER
CODE

DESCRIFTION MINIHMUM FRICE

SYSTEM EACH

HEATHKIT H8 SOF TWAKE

HB-BG1

HB-BG2

HB-MG1
HB-MG2
HB-MG3
HB-MG4

HB-CODE
MB-KING

HB-DISM
HB-EDUC

enlon Harbor Basic Games

BIORYTHM, CHOMF,» TEASER» BATUM BHE-8K $10.00
CRAFS, TRAF), 23-MATCHES» NUMBER

SNARK» REVERSE» STARS, TAXMAN BHE-8K $10.00
FIFFOF,» SLOTS,» HURKLE:» MUGWUMF

Hachine Languase Games (Front Fanel)

Haniprulation Gaaes MEM-4K $10.00
Number Games HEM-4K $10.00
Casino Games MEM-4K $10.00
Calculator & Clock MEM-4K $10.00
Machine Languade Prodrams

Ham Code Fractice Program MEM-4K $10.00
(Front Panel & Terminal Versions) TRM-4K

Kingdom Game TRM-4K $10.00
Program Disassembler TRM-4K $10.00

Educator-8080 Teaches machine TRM-4K $10.,00
programaing interactively

RADIO SHACK‘TRS-BO SOF TWARE

Level [re Fasic GOames and Prodrams

RB-BG1 BIORYTHM, CHOMP, TEASER, BATUM L1B-4K $10.00
CRAPS:» TRAF,» 23-MATCHES:» NUMBER

RB-BG2 SNARKs, REVERSE,» STARS,» TAXMAN L1B-4K $10.00
FIPFOP, SLOTS, HURKLE, MUGWUMP

LEGEND: EHB-8K = HB+8K+H9?/H34 Uses Penton Harbor Basic
MEM-4K = HB+4K ONLY Uses Front Panel
TRM-4K = HB+4K+H9/M346 Interactive thru Terminal
L1B-4K = TRS-80+4K Uses Level I Basic

Includes! Cassetter Source Listind, and User Documerntation

Jerms! Check» Monew Orderr BAC/VISA, Master-Chs - NO CODs!

Foreisan orders in US funds, rlus $1US/Cassette Postage
Shiement! In seauence as received bw UPS or 1st Class Mail
Dealer Inouiries Inviteds Prosram Contributions Solicited

Highest Rowalties Paid

Multi-Micro Media Cors.» P.0. Box 1025, Arvadas Colo. 80001

80-103A Serial 1/0 and FSK modem for
professional and hobby communications.

® Completely compatibte with your IMSAI, ALTAIR*
SOL** or other S-100 microcomputers.
Trademarks of *MITS, **Processor Technology

® Designed for use on the dial telephone or TWX
networks, or 2-wire dedicated lines, meets all
FCC regulations when used with a CBT coupler.

@ All digital modulation and demodulation with on
board cyrstal clock and precision filter mean that
NO ADJUSTMENTS ARE REQUIRED

@ Bell 103 standard frequencies

® Automated dial {putsed) and answer

® QOriginate and answer mode

@® 110 or 300 BPS speed select

® Complete self test capability

® Character length, stop bit, and parity

@ 90 day warranty and full documentation
PRICES Bare Board and Manual 49.95

Assembled (48 hour burn in) 279.95
Master Charge or Visa accepted.

D C Hayes Assoc.

DATA COMMUNICATIONS ADAPTER

P.O. Box 9884, Atlanta, Ga. 30319, 404/231-0574
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inputs it had available at any instant and
output the result. When the input from any
of its information sources changed, the
output would change. With a processor and
a ROM to represent each cell, such things
as the weighting of percentage input from
an ALMOST gate action, and the continuous
alteration of output on the basis of the out-
put of lateral neighbors, are simple. Such a
system would be fast, powerful, and in-
credibly expensive. Let's say we opted for
a minimal system running off a 64 by 64
grid of photosensitive elements. Further
let’s say we want to keep the ratio of input
to output at each echelon approximately
unity, so we wind up with about 4,000
highest echelon feature extractors. (Not
bad; that means the system can recognize
4,000 different complex stimuli.) Then let’s
say we want to carry the analysis to a depth
of five echelons. (That determines the com-
plexity of the stimuli which can be extracted
by the highest level. Remember that the
brain only took four echelons to get to the
complex field cell. Hypercomplex cells
can handle some very advanced extraction
problems.) At this point, however, we are
talking about 20,000 processors. Even at
8008 prices, that's not exactly cheap.

Now suppose we try to trade speed for
cost. The system just described obviously
runs much faster than the real brain. A first
step might be to have single processors at
each echelon doing the work of many, even
all, of the 4,000 elements at that echelon.
Suppose we could update the output of a
single simulated element in 100 us. That
means we could do all 4,000 in each echelon
in about half a second. That’s not too bad;
it's still pipelining the processing from eche-
lon to echelon, so the system would see a
picture updated every half second with a
(%2 second x number of echelons) delay be-
tween the stimulus event and the final
analysis. Even if we pulled some information
off the pipeline early for rapid action,
however, it's still too slow for real time
work. (If you ever have the equipment at
hand, try playing catch in a room illu-
minated with two per second strobe light
flashes. Anything below ten per second gets
difficult.) Two complexities also appear
when we try to update the simulated ele-
ments of an echelon serially. One is that the
program for each element is different, which
makes our ROM a little more complex. The
other is that the output of each element
in the array depends in part on the current
output of its neighbors, inciuding the ones
you haven't gotten to yet in the current
pass. With only one pass across the array
per update, a “lateral lag time” error would



THE $SB 150

FLOPPY DISCOUNT

Affordable

The tribe at Smoke Signal Broadcasting took our
BFD-68 disk system and scalped the price, but

not the features to create the ABFD-68 (Affordable
Basic Floppy Disk). We appreciate the fact that
the computer hobbyist gave us our start and we
haven’t forgotten you.

$649 Assembled

Compare Price. Our SS-50 bus compatible disk
system is $150 less than the assembled price of the
leading S-100 disk system. And you can at least
double that savings when you buy one of the
computers manufactured by MSI or SWTPC that
use the superior 6800 microprocessor.

Programmable

The BFD-68 is well known for its fine software. The
system comes with the best disk operating system
available and we offer a multitude of other com-
patible software products. These include a BASIC
interpreter with disk file handling capability. By
the way, our DOS now easily handles true random
access files as well as sequential. Also, we have a
super fast BASIC compiler for business applica-
tions. In addition, a Text Editor, 2 Assemblers, a

Circle 106 on inquiry card.

Trace Disassembler useful for program debugging
and an Object to Source Code Generator are all
stock items available for immediate delivery.

A word processor will be available very soon.

Reliable

We delivered our first mini-floppy disk system a
year ago — 6 months ahead of any other 6800
based mini system. Thus, we've had twice the
experience in building reliability into the system.
Our NEW disk controller was designed using all
we have learned in the past year about system
reliability.

The ABFD-68 contains all the built in reliability
of our regular BFD-68 plus you save money by
supplying your own cabinet and power supply
for the disk.

Available

We've shipped literally tons of our BFD-68 disk
system in the past year and have learned to keep
our production up with demand. Give us a call and
chances are we'll be able to ship you the new
ABFD-68 from stock and charge it to your Master
Charge or Visa card. Better yet, ask us for the name
of the computer store nearest you that carries our
complete line of computer products.
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Circle 18 on inquiry card.

MATRIX PRINTER

S$100 Bus Compatable
40 Characters Per Line
90 Lines Per Minute
Crisp Clear Copy
Software Controlled
Type Fonts — Script —
Justification — Generate
Any 7 Dot Matrix
Symbols or Characters

Inexpensive

Reliable

Dependable

Attractive Cabinet included
Complete with Software
Examples & Instructions
Uses Plain Paper

Kit $375

$426.80 COMPLETE (Assembled)

DISKETTE INTERFACE

S$100 Bus Compatable ® $225 COMPLETE

Uses FD1771 With ® Minifloppy Drive $355 each
On-Board Crystal s SABO0O Drive $595 each
Simple - easy to program g4 SABO1 Drive $610 each
Handles up to 4 Drivas 4 1K On-Board PROM and
Just Plug in Interface, CP/M Software $100

Hook Up Drive and Run Your Program

VISA - MASTER CHARGE - CHECK - MONEY ORDER
GEORGIA RESIDENTS ADD 4% SALES TAX
CENTURY DATA PRODUCTS, INC.

1758 TULLY CIRCLE NE / ATLANTA, GEORGIA 30329
404/325-7878
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Altair/IMSAI compatible board catches program bugs and
provides timing for real-time applications.

Four hardware breakpoint addresses. Software breakpoints
only possible at instructions in RAM. Better Bug Trap
breakpoints can be in ROM or RAM, and at data or
instructions in memory, input/output channels, or stack
locations.

Board can stop CPU or interrupt CPU at a breakpoint.

Real-time functions: watchdog timer, real-time clock (for
time of day clock]), interval timer.

Sophisticated timesharing made possible!

Unique interrupt structure: generates a CALL instruction to
your subroutine anywhere in memory, nota RST!

Addressed as memory. All parameters set easily by software.

All this and more for about the price of a real-time clock
board, but nothing else does the job of the Better Bug Trap.

$180, assembled and tested. 2 manuals plus software. 90 day
warranty. Shipped UPS. Delivery from stock.

ﬂ{itrnni:z -

P. 0. BOX 12545
RALEIGH, NC 27605

—— THE BETTER BUG TRAP —

7
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Circle 69 on inquiry card.

be introduced. Correcting this with the
simple expedient of iterative passes takes too
long. Furthermore, you have to carry some
information in scratch pad. How far do you
want elements to be able to interact later-
ally? For most purposes, a few elements
away might do, but for some tasks such as
motion detectors, the brain converges out-
puts from widely separated elements. Lateral
interaction among these is probably best
ignored in our hypothetical simple system.
Presumably, some optimization could be
found in which several processors simulated
each echelon, each one handling a number of
elements serially.

A different approach to trading speed
for cost would be to have all your available
processors simulate the elements of a single
echelon, store the result, switch programs
and simulate the next echelon, then the
next, etc. This way you get through each
echelon faster because a complete update of
an echelon is divided among more proc-
essors, and fewer elements simulated serially
per processor means you finish quicker.
However, with this scheme you lose the
pipelining feature of the system, since a new
input byte has to wait until the last byte
gets all the way through before the system
can start to deal with it by simulating
echelon number one again.

These notions of course do not exhaust
the approaches to the problem, and | didn't
promise to solve it for you, but they illus-
trate some of the kinds of difficulties we
can expect to have to overcome. (Actually,
| have some more advanced ideas on the
subject, but you're not going to hear about
those until somebody offers me a vice
presidency for Psycho-cybernetic Archi-
tecture!) The best approach may well not
involve replicating the detailed features of
the brain’s processing steps in recoding the
sensory input. What does seem worth
study however is the general logic of the
approach. Specifically, this would include
such items as: ways of eliminating redundant
information, the logic of using selected
feature extractors as building blocks at each
stage of the perceptual process, the elimina-
tion at each level of restrictions such as
position on the generality of the feature
encoding line, and the use of the ALMOST
gate concept to provide continuously
variable levels of stringency in the encoding
process.m

BIBLIOGRAPHY

Hubel, D, "The Visual Cortex of the Brain,”
Scientific American, November 1963.

Karner, N (trans), Current Problems in Neurocy-
bernetics, Wiley, New York, 1975,



The Electric Pencil II is a Character

Oriented Word Processing System. This

means that text 1s entered as a
continuous string of characters and is
manipulated as such. This allows the
user enormous freedom and ease 1in the
movement and handling of text. Since
lines are not delineated, any number of
characters, words, lines or paragraphs
may be inserted or deleted anywhere in
the text. The entirety of the text
shifts and opens up or closes as needed
in full view of the user. The typing of
carriage returns as well as word
hyphenation is not required since lines
of text are formatted automatically.

As text is typed in and the end of a
screen lLine is reached, a partially
completed word is shifted to the
beginning of the following Lline.
Whenever text is inserted or deleted,
existing text is pushed down or pulled
up in a wrap around fashion. Everything
appears on the video display screen as
it occurs which eliminates any
guesswork. Text may be reviewed at will
by variable speed scrolling both in the
forward and reverse directions. By using
the search or the search and replace
function, any string of characters may
be located and/or replaced with any
other string of characters as desired.

When text is printed, The Electric Pencil II automatically inserts carriage

returns where they are needed. Numerous combinations of Line length, page length,
Lline spacing and page spacing allow for any form to be handled. Character spacing,
BOLD FACE, multicolumn as well as bidirectional printing are included in the Diablo
versions. Right justification gives right-hand margins that are even. Pages may be
numbered as well as titled. This entire page (excepting the large titles and logo)

was printed by the Diablo version of The Electric Pencil II in one pass.

Now on CP'M

NEW FEATURES: *** CP/M Compatible *** Disk
Operating System Supports Two Disk Drives ***x Simple

File Management *** Quick and Easy Disk Storage and

You've probably seen
The Electric Pencil in
action by now. It's the
most powerful 8080/z80
character oriented word
processor on the market
today. Michael Shrayer is
now proud to present the
new Electric Pencil II.

The Electric Pencil II is now available on CP/M. Standard printer versions

System Hardware MUST include:

Retrieval *%* Dynamic Print Formatting *** Multicolumn
Printing *** Print Value Chaining *** Page-at-a-time
Scrolling *** New Bidirectional Multispeed Scrolling
Controls *** New Subsystem with Print Value Scoreboard
%%k Automatic Word and Record Number Tally *** Cassette
Backup Capability *** Full Margin Control %%
End-of-Page Control #*** Non-Printing Text Commenting
*** [ine and Paragraph Indentation ***
Centering, Underlining and BOLD FACE

$225.

Diablo printer versions $275.

8080 or Z-80 Based Microcomputer
Printer (Diablo Hy-Term, TTY, etc.)
Video Display (vDM-1, VTI or SO
CP/M Sgpported Disk System or...
North Star Mini-Floppy Disk or...
Cassette Interface (Tarbell or SOL)

MICHAEL SHRAYER SOFTWARE

3901 Los Feliz Boulevard
Los Angeles, CA 90027
(213)665-7756

The Electric Pencil I is still available for non CP/M users as fol lows:

Versions Printer Video Interface/Mass Storage Price
$S,SvV,SP TTY or similar SOL/Cuter ,VDM-1/Tarbell ,VT1/Tarbell $100.
SSN, SVN, SPN TTY or similar SOL/NStar ,VDM-1/NStar ,VTI/NStar $125.
DS,DV,DP Diablo Hy-Term SOL/Cuter,VvDM-1/Tarbell ,VTI/Tarbell $150.
DSN, DVN, DPN Diablo Hy-Term SOL/NStar ,VDM-1/NStar ,VTI/NStar $175.

Demand a demo from your dealer!

Circle 103 on inquiry card.
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Our MacroFloppy
goes twice the distance.

Introducing the Micropolis MacroFloppy™:1041 and :1042 disk drive sub-
systems. For the S-100/8080/7-80 bus. Packing 100% more capacity into a
Or stngg% floppy disk than anyone else. 143K bytes, to be exact. For as little
as .
® The MacroFloppy:1041 comes with the Micropolis Mod | floppy packaged

inside a protective enclosure (without power supply). And includes an S-100

controller, Interconnect cable. Micropolis BASIC User's Manual. A diskette con-
g taining Micropolis BASIC, and a compatible DOS with assembier and editor.
The 1041 is even designed to be used either on your desk top, or to be inte-
grated right into your S-100 chassis.

The MacroFloppy:1042 comes with everything the :1041 has, and more.
Such as d.c. regulators, its own line voltage power supply, and, to top it off,
a striking cover. Making it look right at home just about anywhere.

Both MacroFloppy systems are fully assembled, tested, bumed-in, and
tested again. For zero start-up pain, and fong term reliability. Theyre also
backed up by our famous Micropolis factory warranty.

And both systems are priced just right. $695 for the MacroFloppy:1041
and $795 for the MacroFloppy:1042.

You really couldn't ask for anything more.

At Micropolis, we have more bytes in store for you.

For a descriptive brochure, in the U.S. call or write Micropolis
Corporation, 7959 Deering Avenue, Canoga Park, Califomia 91304. Phone
(213) 703-M21.

Or better vet, see your local dealer.

MICROPQIIS

Circle 70 on inquiry card. ) More bytes in store for you.

If you enjoy playing chess, then you
should thoroughly enjoy Chess and Com-
puters by David Levy. This 145 page paper-
bound book is loaded with chess games
played by computers. The games are
computer versus computer and computer
versus human. When you settle down with
this book, it would be a good idea to set
up your chessboard and play the games. As
with any good chess book, half the enjoy-
ment is found in playing along, duplicating
the moves in these games, reading the

Chess and Computers by David Levy, Com-
puter Sciences Press, Potomac MD, 1976,
145 pages. Paperbound, $8.95.

comments by the author, and adding your

Chess and own comments.
Computers The initial chapter recounts two of the
< early (1700s) so-called chess playing

F Dad tevy machines. The automaton chessplayer
developed by Baron von Kempelen is de-
tailed with much emphasis placed not only
on the sham it produced, but also on the
mechanics of the machine itself. The chess
playing machine of Torres y Quevedo is also
discussed in this initial chapter. Although
this machine played a king and rook against
a rook endgame, the idea of the tree struc-
ture is quite evident in the mechanics of
the device.

Chapter 2 is entitled “How Computers
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MetaFloppy

The Micropolis MetaFloppy™ gives you more than four times the capacity of

anyone else’s 5%-inch floppy. Because it uses 77 tracks instead of the usual 35.
The field-proven MetaFloppy, with thousands of units delivered, comes

in a complete family of models. And, like our MacroFloppy™ family of disk

drives, MetaFloppy is designed for the $-100/8080/2-80 bus. ]
For maximum capacity, choose our new MetaFloppy:1054 system. Which

actually provides you with more than a million bytes of reliable on-line stor-

age. For less money than you'd believe possible.

The MetaFloppy:1054 comes complete with four drives in dual config-

uration. A controller. Power supply. Chassis. Enclosure. All cabling. A new BASIC
software package. And a DOS with assembler and editor. There's even a built-
in Autoload ROM to eliminate tiresome button pushing.

If that’s more storage than you need right now, try our
MetaFloppy:1053, with 630.000 bytes on-line. Or our Meta-
Floppy:1043, with 315,000 bytes on-line. Either way, you can
expand to over a million bytes on-line in easy stages, when you

need to. Or want to.

In other words, if your application keeps growing, weve got

you covered. With MetaFloppy.
The system that goes beyond the floppy.

For a descriptive brochure, in the U.S. call or write Micropolis
Corporation, 7959 Deering Avenue, Canoga Park, California 91304

Phone (213) 703-M21.
Or better vet, see your local dealer.

MICROPQILIS

More bytes in store for you.

RN Y 5y 4

Circle 139 on inquiry card.

Play Chess."” Needless to say, it requires
a second and third reading. Levy assumes
the reader has a basic knowledge of chess
and chess playing by computer. He intro-
duces the tree structure and its importance
to game playing by computer. Some of the
chess ideas stressed include: center square
occupation; mobility and quantity of
pieces; and the subtle features which make
the difference between a good and a poor
chess player. Any good chess player knows
that the secret to winning involves the
ability to look ahead throughout the game.
In this way, the player is in a position to
gauge future game conditions and their
values to himself and his opponent. The
computer carries this look ahead feature
to great lengths. Here is where the tree
structure comes into play and Levy includes
many details of this important aspect.
Chapters 3 and 4 are historical in that
they recount the early and modern eras of
computer chess. The early history of com-
puter chess dates to before 1960 while
the modern era brings us up to the mid
1970s. Throughout this book, and especialiy
in these two chapters, the games played by
computer are listed. This is the time to get

out your board and play along with the
book. The remarks and the games are well
worth reading twice. As you read and play
the games listed in these two chapters, you
can see that the programs are improved
as they grow in age and wisdom.

There are more interesting games in
chapter 5. Since this chapter deals with
computer chess tournaments, you would
expect to sce the better games played by
computer. You won't be disappointed. The
last two chapters concern themselves with
future developments in the area of com-
puter chess. Levy also takes time to mention
his bet that no computer program will be
able to beat him by 1978.

This book offers something for the chess
player as well as for the computerist. The
games are numerous and the remarks are
good. The computer jargon is interesting
and nontechnical.

Len Gorney
Box 96 RD 1
Clarks Summit PA 184118

The publisher has just informed us that
a second volume of Chess and Computers
is due to be published soon.
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The disk system you want
atapriceyoudidn't expect froma
company that understands systems.
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THE VISTA *50

FLOPPY DISCOUNT

We know that one of the biggest problems in
personal computing is that you're buying with
your own personal dollars.

That's precisely why you're going to like

doing business with us.

We're Vista Computer Company, the personal
computer systems brainchild of the business com-
puter systems people at Randal Data Systems.

And our V80 Floppy Disk System is a perfect
example of how we're prepared to help you get the
most out of your personal computing dollars.

$649 buys you the
whole kit and kaboodie

The $649 you spend on a Vista V80 Floppy
Disk System ($749 assembled) gets you every-
thing you need:
An 80K byte minifloppy drive (assembled and
tested) that can be powered directly by your
8080 or Z-80 computer. (Case and power
supply optional.)

An I/O cable and a
single card, S100 bus-
compatible controller kit

that handles up to four
drives and includes a PROM :
for bootstrap loading (addi-
tional drives just $399).
VOS, the most advanced
microcomputer disk operating
system available, and our
BASIC-E compiler, designed
to work with VOS, all on a

Vista

single diskette. Software functions include
instantaneous program loading, named dynamic
files, program editing, assembling, debugging,
batch processing, and file copying on back-up
diskettes.

All backed by the Vista 90-day warranty, mem-
bership in VUE (Vista Users’ Exchange), and
Dataforce, our associated service company with
115 locations throughout the country.

Test drive the V80
at your local computer store

Drop by your nearest computer store and run
the V80 through its paces. Once you find out what
it can do for you, you'll see that our combination
of high performance and low price is hard to beat
and easy to take.

We love to take orders

If you'd like us to ship you a Vista V80 Floppy
Disk System they're available now. Just send us a
check or money order for the amount
of purchase, or your BankAmericard/
VISA or Master Charge account
number with expiration date and
authorized signature. California resi-
dents add 6% sales tax. Uncertified
checks require six weeks processing.

To place your order, or to obtain
further information, call or write today.

Vista Computer Company, 2807
Oregon Court, Torrance, CA 90503.
(213) 320-3880.

We never forget it's your pocket.

Circle 130 on inquiry card.
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About the Author

Dan Fylstra is a groduate of Massechusetis Institute of Technology and a
second vear student in the MBA program of Harvard Business School, con-
centrating In marketing. His background Includes extensive work with high
fevel languages [ncluding euthorship of the PLM[6800 compiler for fnfer-
metrics {ng, and consulting on the HAL[S language ond compilers for NASA
and the European Space Agency. His egquipment now includes a KIM-T, an
OS5/ system, PET 2001 and Radio Shack TRS-80.

User’s Report: The

Dan Fylstra About a year ago Commodore Business
22 Weitz St #3 Machines Inc, a well-known maker of pocket
Boston MA 02134 calculators, startled everyone in the personal

computer industry by announcing its PET
computer, a self-contained unit with key-
board, display, cassette drive and built-in
BASIC for $495. The announcement was
greeted with considerable enthusiasm and
skepticism, for Commodore obviously was
stretching the state of the art in technology,
manufacturing and mass distribution.

Photography by Dan Comly

Photo 1: A view of the Commodore PET, Model 2001. This personal com-
puter sells for $595 and includes a keyboard, video display, cassette drive,
4 K bytes of programmable memory, and a BASIC interpreter and operating
system in 14 K bytes of read only memory.
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PET 2001

Now the first PETs have been delivered,
and a few computer stores have begun
advertising their availability. The PET’s
price has risen to $595, and in the meantime
other personal computers with comparable
price and performance characteristics have
come on the market. Many people are
wondering which computer represents the
best buy in terms of hardware and software
capabilities, expandability, availability and
delivery, warranty and service, and software
support. If you are considering purchase
of such an “appliance” computer, this
review should help you make your own
informed judgments on these issues.

| ordered a PET a few days after the
finished product was shown at the National
Computer Conference in Dallas TX last
June, and hence | received one of the
early units (apparently number 17 off the
production line) without a complete
user manual describing everything the
PET can do. By the time this is printed
a better user manual should have been
published; so bear in mind that this is
a preliminary review, written in late October
1977, and based on experience with my
PET, conversations with Commodore engi-
neers at trade shows, and precious little
documentation. | have not been able to
test some of the PET’s many features, in
particular the expansion options, due to
the dearth of information from Commodore.
For a more complete picture, talk to your
computer dealer and, if possible, to other
PET owners before you make a purchase
decision.

General Specifications

Photo 1 illustrates the attractive overall
appearance of the Personal Electronic
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4800 BAUD CASSETTE RECORDER

An ASYNCHRONOUS NRZ type Recorder with remote motor start/stop. Error
rate 108 at 4800 BAUD. Can be used from 110 to 4800 BAUD into a UART or "Bit
Banger PIA" —no clocking required. This is not an audio recorder. It takes RS232 or
TTL signals from the terminal or computer and gives back the same signals. No audio
interface is used. Motor start/stop is manual or through TTL or RS232 signals.

Tape speed is 3.2"/second nominal; 1.6"/sec. optional. 110 volt, 60 Hz, 5 watts.
(220 Volts on special order). Can use high quality audio cassettes (Philips Type) or
certified data cassettes. Can be used in remote locations from a 12 Volt battery.

Recommended for DATA LOGGING, WORD PROCESSING, COMPUTER PRO-
GRAM RELOADING and DATA STORAGE. Especially recommended for 6800
systems, 6502 systems, 1800 systems and beginners with the 8080 systems. Manual
control except for motor start/stop. 6800 or 8080 software for file or record searching
available on request with order. Used by major computer manufacturers, Bell Tele-
phone and U.S. Government for program reloading and field servicing.

MODEL CC-8 $175.00 AVAILABILITY — Off the shelf.

PROVIDES MONITOR AND TAPE SOFTWARE in EPROM. EXPANDS 0
MIKBUG with 1 K of ADDITIONAL ROM PROGRAM. 680 CONTROLLER for SWTP

This is a complete tape controller for the SWTP 6800 system. Has 3 K of EPROM
space for your own programs. A 1 K ROM (2708) is provided with all tape and moni-
tor functions. The ROM program is identical to our extensive 8080 ROM program.

Has one ACIA for one or two tape drives, one USART for an additional Serial port
and a 4 bit parallel port for motor control. Will control one or two CC-8 or SM3A
drives with the software provided. Can be used with other tape drives controllable with
4 TTL bits if appropriate software changes are made.

Extra serial port is provided for your use with a second terminal or printer. (RS232,
TTL or 20 ma)

The ROM program supplements the MIKBUG program and is entered automatically

on reset.
AVAILABILITY—Off the Shelf. $190.00, Tested & Assmb. ($160.00, Kit)

PROVIDES MONITOR AND TAPE SOFTWARE in ROM TERMINAL and
TAPE PORTS on SAME BOARD CONTROLS ONE or TWO TAPE UNITS
(CC-8 or 3M3A)

This is a complete 8080, 8085, or Z80 system controller. It provides the terminal
1/0 (RS232, 20 mA, or TTL) and the data cartridge I/O, plus the motor controlling
parallel I/O latches. Two kilobytes of on board ROM provide turn on and go control
of your Altair or Imsai. NO MORE BOOTSTRAPPING. Loads and Dumps memory
in hex on the terminal, formats tape cartridge files, has word processing and paper
| tape routines. Best of all, it has the search routines to locate files and records by
! means of six, five, and four letter strings. Just type in the file name and the recorder
and software do the rest. Can be used in the BiSync (IBM), BiPhase (Phase encoded)
or NRZ modes with suitable recorders and interfaces.

“ y l T Y 7 This is Revision 7 of this controller. This version features 2708 type EPROM'’s so

m LA ' that you can write your own software or relocate it as desired. One 2708 prepro-
grammed is supplied with the board. A socket is available for the second ROM
allowing up to a full 2K of monitor programs.

Fits all S100 bus computers using 8080 or Z80 MPU's. Requires 2 MHz clock

i
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from bus. Cannot be used with audio cassettes without an interface. Cassette or
2SIO (R) CONTROI-I-EI.{ cartridge inputs are RS232 level.
$190.00 ($160.00 Kit) AVAILABILITY — Off the shelf.

Z 80 BOARD for SWTP COMPUTER: Now you can use the 8080/Z80 software programs in your SWTP 6800
machine. Replaces your MPU board with a Z80 and ROM so that you are up and running with your present
SWTP memory and MPC card. $200 assembled and tested. ($160 kit)

AVAILABLE—-November ‘77.

OVERSEAS: Export Version 220 volt 50 hz. Write factory or: Megatron-Datameg, 8011 Putzbrunn, Munchen, Germany; Nippon Automation
5-16-7 Shiba, Minato-Ku, Tokyo, Japan, Hobbydata, FACK 20012, Malmo, Sweden,; G. Ashbee, 172 Ifield Road, London SW 10-9ag: Trin-
tronics, Ltd., 186 Queen Street W., Toronto, Ontario, Canada; EBASA, Enrique Barges 17, Barcelona 14, Spain; ARIES, 7, rue Saint Phillipe du
Roule, 75008 Paris,; Microlem 20131, Milano, Italy, Eagle Electric, Capetown, S. Africa.

For U.P.S. delivery, add $3.00 Overseas and air shipments charges collect. N.J. Residents add 5% Sales Tax. WRITE or CALL for further
information. Phone Orders on Master Charge and BankAmericard accepted.

National Multinlex Corporation

\ 3 3474 Rand Avenue, South Plainfield NJ 07080 Box 288 Phone (201) 561-3600 TWX 710-997-9530
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Photo 2: A close-up of the
PET keyboard and cassette
drive. The keyboard is a
flat, calculator style unit
with 73 keys. The upper
case shift positions on 64
of the keys are occupied
by graphic characters. At
the right are the cursor
control and insert/delete
keys and a numeric
keypad.
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Transactor, Model 2001 (as it is fancifully
called). Overall it measures 16.5 inches (41.9
cm) wide, 18.5 inches (47 cm) deep and 14
inches (35.6 cm) high, and weighs 44 pounds
(20 kg). The PET is a lot more portable than
most computers, but you won’t have to
carry it very far before you'll appreciate how
heavy an oddly shaped 44 pound package
can be. On the other hand, all the essential
peripherals are integrated into the unit, and
all you need is a wall socket to power up
and start typing in BASIC programs.

A powerful BASIC interpreter and an
operating system presently supporting multi-
ple external peripherals are built into the
PET's 14 K bytes of read only memory. The
basic PET for $595 includes an additional 4
K bytes of programmable memory, which
holds your currently running BASIC pro-
gram and data. An expanded model for $795
includes 8 K bytes of user memory (the
maximum amount of memory inside the
standard cabinet). Thanks to the efficient
encoding of BASIC statements (see below),
cven the basic 4 K unit can hold up to a few
hundred lines of program text.

Since Commodore had acquired MOS
Technology Inc as a captive source of its

calculator chips and other silicon require-
ments, the PET is based on the MOS Tech-
nology 6502 microprocessor. This may not
be of much significance to the casual user
since the machine is primarily designed to
be programmed in BASIC, but it may make
a difference to the experienced hobbyist
who intends to write machine or assembly
language programs as well.

Display Screen

The PET includes a 9 inch (22.9 cm) en-
closed, black and white, high resolution CRT
display which presents 1000 characters, ar-
ranged in 25 lines of 40 characters each. The
display is memory mapped (ie: continuously
read out of a section of programmable mem-
ory separate from the BASIC program and
data memory), and is easily controllied from
BASIC using PRINT and POKE statements.
(PET owners who have not already done so
may want to experiment with direct access,
via POKE statements, to the display
memory, which starts at location 32768.)

Built-in software provides a winking cur-
sor and automatic scrolling from the bottom
of the display. The cursor can also be moved



CP/M™ LOW-COST MICROCOMPUTER SOFTWARE

CP/M™ - Microcomputer Control Program

CP/M™ is a time-tested diskette operating
system for Intel 8080 or Zilog Z-80 micro-
computers which use up to four IBM-
compatible diskette drives. The CP/M disk
operating system, along with its system utilities
is a proprietary software package which has
operated in thousands of computer systems
including OEM products, industrial applica-
tions, as well as microcomputer development
and personal computing systems. CP/M sup-
ports named dynamic files with a powerful
context editor for program creation and
modification and includes a fast 8080 assembler,
dynamic debugger with a self-contained assem-
bler/disassembler, along with various file utili-
ties. Optional software includes a macro
assembler, symbolic debugger, and various high
level languages. The resident portion of CP/M
operates in less than 4K bytes, with a minimum
usable memory of 16K bytes. Hardware-
dependent portions of CP/M are easily adapted
to nearly any 8080 or Z-80 computer system
using our “CP/M Alteration Guide” which
gives the step-by-step procedure for tailoring
CP/M to your specific equipment.

MAC™ - CP/M™ Macro Assembler

MAC, the CP/M macro assembler, is upward
compatible from our standard assembler as well
as the latest Intel macro assembler. In addition
to full expression analysis, MAC allows IF,
ENDIF, and ELSE groups for conditional
assembly, MACRO definitions for macro
grouping, IRPC, IRP, and REPT to repeat
source statements during assembly with option-
al LOCAL symbols, and MACLIB for macro
library access. Macro libraries are included with
MAC for assembling Z-80 instructions and for
performing sequential disk input/output. A
symbol table can be selectively written to a
diskette file for program debugging using SID.
The “Macro Assembler Language Manual
and Applications Guide” shows you how to
effectively use macros to define macro-based
languages, implement high level control struc-
tures, and perform operating system calls using
predefined input/output macros. The MAC
macro assembler occupies a 12K region of
memory and requires concurrent operation
with CP/M, resulting in a minimum usable
memory of about 24K.

SID™ - CP/M™
Symbolic Instruction Debugger

SID is a powerful symbolic debugger for
programs generated in the CP/M environment.
Upward compatible from our standard de-
bugger, SID uses symbol information produced
by MAC for high level reference to memory and
instructions in the program under test. SID
expands upon the assembler/disassembler,
breakpoint, and trace features of our standard
debugger to include symbolic expressions,
decoded memory locations by symbol reference
during trace and display, 8-bit and 16-bit display
and set functions, along with “pass counts” and
permanent breakpoints. SID utility functions
allow you to monitor program “hot spots” as
well as collect traceback information from a
breakpoint. In particular, the SID histogram
utility shows the relative frequency of execution
in various parts of a program under test so that
you can “fine tune” for most effective execution.
SID operates in a 6K region, and requires
symbol information from MAC to use the SID
symbolic features.

Additional Software: A variety of additional CP/M-compatible software packages are on the market: three different disk BASIC
systems are available from Digital Research and independent suppliers, which support both scientific and business applications.
Preprogrammed business packages can be purchased from independent suppliers for general ledger, sorting, mailing list, and text
processing functions. Further, an ANSI Standard FORTRAN compiler is again available through Microsoft, with more high level
languages coming. Finally, a healthy CP/M user’s group has been active for over a year, where you can obtain quality software
available at a very low cost and add your own programs to a community of enthusiastic users. Write us for particulars!

Please send me the following:

manuals) for $100.

0O CP/M™ System Diskette and Documentation (Set of 6

NOTE: Due to the proprietary nature of CP/M™ software, please
enclose your CP/M Serial No. when orderingMAC or SID without the

CP/M diskette.

O Check or M.O. enclosed.
California residents add 6% sales tax.

O BankAmericard No.
O Master Charge No.

Exp. Date
Exp. Date

O CP/M™ Documentation (Set of 6 manuals) only for $25.
O MAC™ Diskette and Manual (CP/M™ Serial No.
) for $90.
O MAC™ Manual only for $15.
O SID™ Diskette and Documentation (CP/M™ Serial No.
) for $75.
O Send more information on CP/M high level languages and

optional packages.

I DIGITAL RESEARCH

Total amount enclosed

Name

Address

City State Zip

Post Office Box 579 ® Pacific Grove, California 93950
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Photo 3: A simple example of the PET s graphic capabilities. This display was
created with a series of 23 BASIC PRINT statements. The graphics characters
in each character position run together to form the figures. The playing card

illustrates the use of the reverse field option.

commodore Radio Shack

PET TRS-80

EITHER WAY... We've got software for you!

Show your friends what your computer can do. Learn programming
techniques the enjoyable way—by playing and modifying these game
programs. Just drop in the cassette and save hours of typing time. All
programs run on 8K PETs and 4K TRS-80s (slightly simplified).

INTRODUCTORY SPECIAL: Play POKER against your computer.
Match wits to corner ONE QUEEN on a graphic chessboard. Enrich
your KINGDOM amid wars, famine, earthquakes, assassinations, etc.
Test your bravery as a MATADOR in a bullring. Nearly 1000 lines of
BASIC. 33% discount price until March 31 for all four........ $9.95

STIMULATING SIMULATIONS by Dr. C. W. Engel: Ten original
simulation games such as Diamond Thief, Monster Chase, Lost
Treasure and Space Flight, complete with a 64 page illustrated book
giving flowcharts, listings and suggested modifications .... $14.95

6502 ASSEMBLER IN BASIC (for PET only): Accepts all standard
6502 instruction mnemonics, pseudo-ops, and addressing modes
plus new TEXT pseudo-op. Evaluates binary, octal, hex, decimal, and
character constants, symbols and expressions. Uses PET line number
and cursor editing features for assembler source code. Supports
execution of assembled programs with keyboard and display 1/0.
Fully documented and easily understood and modified..... $24.95

ORDERS: Check, money order or VISA/Master Charge accepted. We
guarantee you functioning programs, readable cassettes and prompt
delivery. Our catalog, $1 or free with any cassette, fully documents
these and other programs and describes our royalty program for
software authors. For a FREE flyer, use reader service card, or send a
self-addressed stamped envelope for faster service.

wmmw Personal Software™ m
e P.O. Box 136-B3, Cambridge, MA 02138 !
VISA/MC telephone orders welcome at (617) 783-0694
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in any direction using the cursor control keys
(see the keyboard layout shown in photo 2),
and the insert/delete key can be used to
“push apart’ characters on a line to make
room for changes or to delete characters
and “‘close up” the space which they formerly
occupied. These features provide a conven-
ient way to modify a BASIC program
without having to retype entire lines: just
list the lines on the display, use the cursor
control and insert/delete keys to make
changes directly on the display, and press
the return key after each line is satisfactorily
modified. A key is also provided to clear the
screen or to send the cursor to the “home”
position (upper left-hand corner).

Character Set

The PET's standard character set includes
64 upper case alphabetic, numeric and special
characters, and 64 graphic characters, which
are generated by pressing the shift key and
one of the regular character keys (see photo
2). Each character is formed on the screen in
an 8 by 8 dot matrix, and each character
position on the screen is contiguous to those
around it, so that graphic characters can be
run together to form lines, solid areas and
other shapes and figures. Furthermore,
a ‘“reverse field’’ feature, applicable on a
character by character basis, changes each
white dot to black and each black dot to
white. This in effect gives 64 additional
graphic characters. Any of these characters,
including the reverse field and cursor control
characters, can be inserted into a BASIC
language PRINT statement, so that inter-
esting graphics effects can be created quite
easily. A simple example of the PET’s
graphics capabilities is shown in photo 3.
In general, the PET’s graphics capabilities
are better adapted for drawing pictures of
this sort than for plotting mathematical
functions.

For the person who is more interested in
alphabetic text than in graphics capabilities,
the PET provides an upper and lower case
character set with a limited number of
graphic characters. The lower case option,
which is applicable to the entire screen at
once, is enabled by means of a POKE
statement which changes the setting of an
address line on the character generator
read only memory. The effect is to produce
a lower case letter in place of the graphic
character which normally appears when an
alphabetic key is pressed in upper case
shift. (Yes, you must press the shift key
to get lower case, and omit the shift key to
get upper case!) Thisis illustrated in photo 4.



Order your Applell now.

from any one of the following authorized dealers:

ALABAMA

Computeiland
3020 University Or. N.W.
Huntsville  539-1200

The Computer Center
303 8. Poplar Place
Birmingham 942-8567
ALASKA

The Alpha Corporation
100 W. Inl'l Airport Rd.
Anchorage 279-1316
Team Electronics
Anchorage  276-2923
Anchorage 272-4823
Fairbanks 456-4157
ARIZONA

Byte Shop

Tempe 894-1129
Phoenix 942-7300
Tucson 327-4576

CALIFORNIA

A-VIDD Electronics
2210 Bellflower Road
Long Beach 598-0444

Byte Shop

Citrus Heighls 961-2983
Palo Atto  327-8080
Pasadena 684-3313
San Jose 377-4685
San Mateo  341-4200
Santa Clara  249-4221
Walnul Creek  933-6252
Computer land

€l Cerrito  233-5010
Hayward 538-8080
Inglewood 776-8080
Mission Viejo 770-0131
San Diego  560-9912
San Francisco  546-1592
Thousand Oaks  495-3554
Tustin - 544-0542

Computer Components
5848 Sepulveda Bivd.

van Nuys  786-7411
Computer Country

506 E. 1st. St,

Tustin  838-4770
Computer Playground

6789 Westminster Avenue
Westminster 898-8330
Computer Store

1093 Mission St.

San Francisco  431-0640
The Compulev Store

820 Broadw:

Santa Momca 451-0713
Electric Brain

3038 N. Cedar Ave.

Fresno  227-8479

Home Entertainment Emporium
2100 Sepulv

Manhattan Beach 546-2501
Rainbow Computing. Inc.
10723 White Oak

Granada Hills  360-2171
Strawberry Eleclronucs

71 Glenn Wa

Belmont 5! 0231
COLORADO

Byte Shop

3464 S. Acoma St.
Englewood 761-6232
Team Electronics

Boulder 447-2368
Colorado Springs  596-5566
Fort Coliins  484-7500.
Grand Junction 245-4455
Greetley 356-3800
Longmont  772-7800
Pueblo 545-0703

CONNECTICUT
Computerland

2475 Black Rock_Turnpike
Fafield  374-2227

The Compuler Store

63 S. Main St.

Wmdsor Locks 627-0188
DELAWARE
Computeriand

Kirkwood Highwas

Newark  738-9656
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FLORIDA

Byte Shop

Ft. Lauderdale 561-2983
Miami  264-2983

GEORGIA

DataMan, Inc.

3001 N. Fulton Drive
Atlanta  233-0532
HAWAI

Real Share

190 S. King Street #890
Honolulu  536-1041
ILLINOIS
Computerland

Arlington Heights  255-6488
Niles 967-1714
Oaklawn 422 8080

Dala
812 E. Algonqum Rd.
Shaumburg  397-8700

Itty Bitty Machine Compan