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A fast ZSO 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 W es t 
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 comp lete system-processor, 

CRT terminal, line printer. 
First. it's fast-1 microsecond nom­

ina l execution time and 250 nano­
second cycle time. 

Its equally fast RAM memory is 
large and enormous ly expandab le­
32 kilobytes expandab le to 512 kilo­
bytes. No danger ot obsolescence 
from inadequate RAM capaci ty. 

THE ONLY MICROCOMPUTER 
OFFERING 4 DISK DRIVES 

Further, the System Three comes 
w ith two disk drives to give you 512 
ki lo b y tes of di sk storage. Sof t ­
sectored IBM format. Optiona lly, you 
can have four drives wi th 1 mega­
byte of sto rage. 

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won't be outdated soon.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-s lot sl ide-ou t motherboard and 
an S-100 bus o that you can p lug in 
all so rt s of support ci rcu itry. The 
heavy-duty 30-amp power supply can 
easily hand le all this. 

BROAD S-100 SUPPORT 
The 5-100 is the bus that Cro­

memco so strongly supports w ith 
over a dozen p lug-in circui ts ranging 

from analog l / O to high-speed RAM 
memory with our bank-se lect feature. 

TRULY POWERFUL SORWARE 
You have to have software. And 

Cromemco is far in front there, too. 
Our FORTRAN IV, for example, is 
equa l to th e FORTRAN compi lers 
on large mainframes. Further, it (and 
our other software) is low-priced. 

Our 16K Z80 BASIC is one of th e 
fastest and most capable. Ful l 14­
digit precision. 

There's also our ZBO Macro As­
sembler and Linking Loader. Uses 
ZBO mnemonics. Allows referencing 
FORTRAN common blocks. 

CRT TERMINAL AND PRINTER 
The CS-3 terminal has BO-character 

lines and a 24- line page with line 
and page edi ting. 

Note th e separa te numeric keypad 
and cursor keypad. 

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

SEE AT YOUR DEALER 
You have to see th e CS-3 to ful ly 

app reciate it and its low prices starl­
ing at $5990 in the rack mount ver­
sion. 

See i t al your local dea ler shown 
on th e other side of this page. He 
has a demo to show you. 

He also has brochures giving you 
details. 

You know th e CS-3 is going to be 
a sensat ion. 

Better contact your dealer now. 

[3cromemco see next r\ 
page l/ 
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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 normall y 
rack-mount style. 

System Three front panel swings 
open and 21-slot motherboard/ 
card cage slides forward for easy 
insertion of extra ci rcuit 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 
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About the Cover ... In part 2 of his 3 part series onIn This 
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 Comput0~ Music 
System. Page 8 

The Apple 11 is one of several ex­
amples of fully assembled "appliance" 
computers avail able 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 im pl emented on the Apple 11. 

Page 78 
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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 'l l find an inexpensive circuit for 
programming and erasing these useful 
devices. Page 84 

We have seen advance pu bl ici ty 
and claims about the PET 2001 by 
Commodore for some time now. 
In this issue, Dan Fylstra reports 
on the reali ties of The PET 2001 
which arrived at his door October 11 
1977. Page 714 

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 752 

Readers of the j anuary 1978 BYTE 
may recall Dark Horse, one of the 
computer program contenders for the 
World Computer Chess Championship. 
This month, Peter Jenn ings' Micro­
chess program makes a valiant effort 
to beat the favorite in Microchess 1.5 
versus Dark Horse. Page 766 

Have you ever thought you migh t 
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 768 

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 774 

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 778 

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 786 
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Don't Ignore the High End 


• • .or My Search for Manuscript Editing Paradise 


by Carl Helmers 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 "appl iance" 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 faci lity 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 I have used most in 
my homebrew system. I refer of course to 
the high end of performance in sma ll 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 fam il y that can afford an $8000 
car. My attention was turned to this class 
of machine recently when I began shopping 
around for some equipment and software 
to automate several aspects of the manu­
script preparation process which I and my 
associates in the editorial department per­
form daily at BYTE. 

Cont inued on page 136 

Some Enticing Advance Words 


Photo 7. 

Turt les are coming. In mid November 
1977, Dan Hillis of the LOGO project at 
Massachusetts Institute of Technology cal led 
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 fa mous LOGO 
project turtle robots?" Dan outlined on the 
phone the idea of a kit with a target price of 
$250, and suggested that I take a trip to th e 
MIT Al (artificial intelligence) Laboratory 
to take a look at his prototypes. I was 
delighted to accept the invitati on, 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 I 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
bil ities 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 simu lations on screens, and as 
mechanically mobile output peripherals. 
The intent is to make the new turtle pro­
duct virtual ly 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.• 
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A Two Computer Music System 


Photo 7: 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. 

BYTE Mmh 1978 

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 "manipu lable " system that allowed stu­
dents to work with the powerfu l mathemati­
ca l idea of synthesis. We felt that mathemat ics 
and sc ience students shou ld be ab le to 
experience firsthand what could be done by 
superimposing components that worked 
together to synthesize some bigger concept. 

Real , full-b lown professional music 
seemed like an ideal metaphor for working 
with th is "su perimpositio n" principle. It's 
easy for a student to see that a musica l 
performance is reall y a multitude of small, 
discrete events working in perfect synchro­
nism . But it's even easier to sense that the 
resultant whole is greater th an the sum of 
its parts . In fact, the "whole" can be a 
hu man ex perience of qu ite thrilli ng pro­
portions. 

Th e system that evolved has met th is goal 
very well . Students of varied backgrounds 
are ab le (and motivated) to work patiently 
with complex scores, mak ing the final per­
formance a proof of the power of the princi­
ple of superimposition. 

Bu t a fu nny 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 contai n much of the jargon 
that permeates computing, but this seemed 
to be easier to take when interpreted in te rm s 
of the frie nd lier 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 on ly 
describe the music system but to suggest 
that inte resting new approaches to teaching 
computer science might be developed along 
simil ar 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 exam ples illustrate the 
kind of computing most people wou ld call 
"fun." Th ere's undoubtedly a deep educa­
tiona l lesson lurki ng here, but that's another 
subject. 

8 



Why a Pipe Organ? 

The system described here is general 
enough to apply to a variety of musical 
instrur:nents. It was implemented with a 
small pipe organ because this illustrates 
the general kind of performance ensemble 
used by composers who write orchestral 
works. A pipe organ has several sets of pipes 
called ranks, each set having a distinctive 
tonal characteristic called timbre. The ran ks 
are selected by pressing switches called stop 
tablets, so that an organist is able to control 
an entire "orchestra" of sounds by using 
different stop settings. Further, since most 
pipe organs have several keyboards {often 
including one for the fee t), the ranks can be 
played independently. Thus both chorded 
(several notes played simultaneously) and 
contrapuntal (independen t melody lines 
played simultaneously) music can be played 
on one or more keyboards. 

The organ is also the original "synthetic 
music" instrument. Th is is because a per­
former ca n add harmonics to fundamental 
tones by pressing suitable stop tablets. When 
the stop tablet marked "8 foot flute" is 
pressed, one gets flutelike sounds, in the 
normal register {where A=440 Hz). (The 
phrase "8 foot" comes from the fact that 
the largest pipe in the rank is eigh t feet high.) 
But when the stop marked "4 foot flute" is 
pressed, everything sounds an octave higher. 
If both stops are activated, we then have 
a sound rich in second harmonics. Tradi­
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) . 

Overview of the System 

The Music System 1.1ses two microcompu­
ters (an Altair 8800b system and an I ntellec 
8/MOD 80) , a small pipe organ, and a 
Magnavox plasma display graphics terminal. 
Figure 1 shows how these components are 
interconnected. 

In addition to the hardware, there are Jeffrey H Lederer 
three software packages. The first is a Tom Dwyer 

graphics music editor that allows a com­ Margot Critchfield 

poser to "draw" his score on a graphics Project Solo 
University of Pittsburghdisplay terminal. The editor converts the 

Pittsburgh PA 15260graphic representation of the score into 
a MUSIC language program. The program 
may also be created and edited using a stan­
dard text editor, in which case an alphanu­
meric terminal can be used . Either type of 
editor is run on the master system. The 
MUSIC language programs can be saved on a 
diskette as files. 

Before a MUSIC language program can be 
played, it must be "compi led." Our compiler 
is a program that accepts MUSIC language 
programs as input, and outputs an annotated 
listing of the MUSIC language program along 
with error messages and an "object" pro­
gram. The object program consists of instruc-

MASTER COMPUTER I DISKETTEI IO 
I 

TERMINALS (ALTAIR 8800) I STORAGEI 

I 


CURRENT LOOP 
INTERFACE 

I 
SLAVE COMPUTER 
( INTELLEC 8 l I I 
.. .......... 

128 TTL 
OUTPUTS ... ..... .... 

ITTL TO POWER INTERFACE I 

............ -~ --

::::0 
c 

::::0::::0 ::::0 

Cr= 

r= 

2Q2Q~~ Q~ 

PIPE (OR KEYBOARD) 
SOLENOIDS 

Figure 7: Hardware components of the authors' computerized organ music 
system. This design requires one TTL output line for each pipe to be 
controlled. 
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Figure 2: Software block 
diagram of the computer 
organ music system. 
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COMPOSER 

I I 


-

ALPHANUMER IC 
TERMINAL 

I 


EDITOR 

I 

MUSIC 
LANGUAGE 
SOURCE 
FILE 

I 

SOURCE 
LISTING 
WITH ERROR 
ME SSAGES 

I 
MASTER 
PERFORMANCE 
PROGRAM 

ICC>---- 2400 BPS LINE 

I 

COMPILER 

I 
OBJECT 
FILE 

SLAVE 
PERFORMANCE 
PROGRAM 

I 

PIPE 
ORGAN 

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. 

System Hardware 

The slave microcomputer is an lntellec 
8/MOD 80 with 8 K bytes of programmable 
memory, 2 K bytes of read only memory 
containing a system monitor program, 
256 bytes of programmable read only 
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 
bit dedicated. to controlling a pipe valve 
of the organ. Thus, 16 X 8 = 128 pipes 
can be controlled. The interface between 
each pipe and its controlling port is a Darl ing­
ton switching transistor connected as shown 
in figure 3. 

The master computer is an Altair 8800b 
with 60 K bytes of memory, two diskette 
drives and two serial ports. One serial port 
is used as the console line and is connected 
to a Magnavox plasma graphics terminal. 
This terminal has a plasma display with 512 
by 512 dots. A character generator is used to 
display 32 lines of 64 characters; the charac­
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 addressabi lity. 
Sections of the screen can be selectively 
erased and written. The graphics terminal 
is optional, and there is no reason why 
other lower cost graphics displays couldn't 
be used if app ropriate changes in software 
were made. The lntecolor 8001 might be 
particularly appropriate since different colors 
could be used to distinguish voices in poly­
phonic music. 

The second serial line connects the Altair 
to the lntellec over a 2400 bps current loop. 
A special interface had to be built to isolate 
the two active current loops. The schematic 
is shown in figure 4. 



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. 

• 	 Plugs directly into your IMSAI or 
ALT AIR• and handles up to 4 
standard single drives in daisy­
chain . 

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

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

• 	 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 
documentation . 

• 	 PRICE : 
Kit $190 . . . . . . Assembled $265 

TARBELL 

PROTOTYPE 


BOARD 

Mode l 1010 

TARBELL 

CASSETTE INTERFACE 


• 	 Plugs directly into your IMSAJ 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 

Compatible Disc Drives 

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 JCs 
• Location for 5 volt regulator 
• Suitable for solder and wire wrap 
• ALT AIR/IMSAI compatible 

Price: $28.00 

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 . 

20620 South Leapwood Avenue, Suite P 
Carson, California 90746 

(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. 

4N28 

CURRENT2N3904 LOOP OUT 

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. 

MUSIC Language 

MUSIC is a high level music notation 
language that uses the standard 64 charac­
ter' ASCII character set. A MUS IC language 
program consists of one or more statements; 
each statement is a single Iine 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 I imits of 
a repeated section are bracketed by HEAD 
and TAl L 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 du ring 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 ot more context commands 
and one data statement for each voice. These 
data statements conta in 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 quick ly get proficient with the 
language. Having all the features of muskal 
notation available has proven to be well worth 
the extra complexity. 

Continued on page 48 

12 BYTE Morch 1978 



• • 

\Our experience 

with personal computers


1s going to open 

an unlimite<I career at TI. 

TI is into 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 Tl'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 
sa les promotion programs, 
training, quoting and providing 
market requirements for new 
products and software. 
Requires BS in EE, math, 
physics 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 

future product 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. ~n5\ 

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

TEXAS INSTRUMENTS 

INCORPORATED 


1\n equa l opponuni1y e mployer M/F 
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NETWORKING WITH TELEPHONES? 

Dave Caulkins' Personal Computer 
Network (PCN ET), in Septem ber 1977 
BYTE, sounds like a great idea, for those 
who live in the Palo Alto CA area; but 
until PCN ET goes national or semi ­
national there is a method availab le (on a 
smaller scale) t o computer use rs right 
now: Northwestern Bel l 's D irect Dial 
Confe rencing. Using DDC, up to six 
computers can exchange data using 
standard Touch -Tone telephones and 
modems. For com plete instructions 
and to see if DOC is available in your 
area contact your local Northwestern 
Bell business office. T here is on ly one 
problem with using DDC, it costs $.50 
per minute. That can add up to qu ite 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 , T hree. Way 
Call i ng. 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 addi tional on your phone bi ll. 
With Th ree Way Calling you and two 
f riends can exchange data with ou t a 
costly per minute charge. T he number o f 
computers you can interface together 
m ight be Increased by the use of Three 
Way Calling by more than one of the 
persons involved. I have not had the 
opportunity to try this, so I can't 
guarantee any th ing. Perhaps there is no 
limit to how far you can go. 

Steve Hughes 
4410 Douglas Av S 

Golden Valley MN 55416 

BACKLIGHTING VIA PHOTOCOPY 

With all of the comments th at I have 
see n about the advantages of using back­
lighting fo r read ing PAPERBYTES, it 
is rather suprising that I have not see n 
the following suggestion for accom­
pli sh in g it without wasting magazine 
space: let those readers who wish to use 
the backlighting method photocopy the 
app ropriate 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 I have seen of the coi n oper­
ated machines and home type machines, 
they would not be of sufficient quality , 
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but that obtained at copying ce nters 
probably would be. 

I wil l admit that I have not tried this 
idea, primari ly because my system is not 
yet ope rat ional. However, I think i t is 
an idea wel l worth trying. 

Clark Jones 
225 Pennsylva ni a NE Apt H 

Albuquerque NM 87108 

Fred Merkowitz of Micro-Scan 
Associates, Natick MA, reports that his 
front side scanner works just f ine 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 DES IGN STYLE 

would l ike to thank David A 
Higgins for his article "Struct ured Pro­
gram Design " (Octobe r 1977 BYTE, 
page 146); however, I found that his 
presentation lacked clarity. There are 
a large number of reasons why "top· 
down" struc tured programming became 
popu lar . I feel that Mr Higgins has mis· 
applied h is design techniq ue, in the 
same way he fee ls top-down program­
ming was misapplied to design. 

The Warnier-Orr diagrams ap proach 
to design should, I fee l, be fol lowed 
(and augmented) by the top-down 
approach to programming. What happens 
when a design tech nique is appl ied 
directly to cod ing is shown clearly by 
Mr Higgins' own programming example! 
He cl ai ms that the resul tant code is easy 
to read and understand. I stipu late tha t 
this is only true if the programme r 
working on it has the origina l Warn ier­
Orr diagram it was coded from. This 
same argument ap plies to his next two 
poi n ts as wel l. A program is easy to 
change and main ta in on ly if the program 
logic flow is immediatel y evident. I f we 
were to draw lines between all of Mr 
Higgins' GOSU Bs and the ir destinations, 
we would end up with ano th er bow l of 
co ld spaghetti ! Again, the documen­
tation he has cons ists main ly of a title 
remark at the head of each subroutine , 
wh ich serves on ly to re late each sub­
ro u tine to a bracket in the Warn ier-Orr 
diagram. 

Continued on page 128 

Your 
Sol dealer
hGsit. · 
AZ: Tempe: Byte Shop, 813 N. Scottsdale. 
(602)894-1 129; Phoenix: Elyte Shop. 12654 N. 
28th, (602)942-7300; Tucson: Byte Shop, 2612 
E. Broadway, (602)327-4579. CA: Berkeley: 
Byte Shop, 1514 Universily, (415)845-6366; Citrus 
Heighls: Byte Shop, 6041 Greenback, (916) 
961-2983: Costa Mesa: Compuler Center. 1913 
Harbor, (714)646-0221 ; Hayward: Byte 
Shop, 1122 " B'' SI.. (415)537-2983; Lawndale: 
Byte Shop, 16508 Hawthorne, (213)371-2421: 
Orange: Computer Mart . 633-B W. Katella , (7141 
633-1222: Pasadena: Byte Shop, 496 S . lake, 
(213)684-3311 ; Sacramento: Micro-Computer 
Appli~ation Syslems. 2322 Capilol . (916) 
443-4944; San Francisco: Byte Shop, 321 Pacific, 
(415)421-8686; San Jose: Byte Shop, 2626 
Union. (408)377-4685; San Rafae l: Byte Shop. 
509 Francisco, (415)457-9311 ; Tarzana : Byte 
Shop, 18423 Venlura. (213)343-3919: Walnut 
Creek: Byte Shop. 2989 N. Main, (415)933-6252. 
CO: Boulder: Byte Shop, 3101 Walnul , (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 : 
Compuler Co.. 318 N. Nell . (217)359-5883; 
Numbers Racket . 623V2 S. Wright. (217)352-5435: 
Evanston: itty bitty mac~ine co. 1322 Chicago, 
(312)328-6800; Lomba rd: itty bitty machine co. 
42 W. Roosevell. (312)620-5808. IN : 
Bloomington: Data Domain, 406 S. Col lege, (812) 
334-3607; Indianapol is: Data Domain. 7027 
N. Michigan, (317 )251-3139. IA: Davenport : 
Computer Store. 4128 Brady, (319)386-3330. 
KY: Louisville: Data Domain, 3028 Hunsinger. 
(502)456-5242. Ml: Ann Arbor: Compuler 
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', 
Iseli n: Computer Mart , 501 Rt . 27, (201 )283-0600. 
NY: New York: Compuler 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: Compuler 
Mart. 2665 S. Dixie. (513)296-1248. OR: 
Beaverton: Byte Shop, 3482 SW Cedar Hi ll s. 
(503)644- 2686; Eugene: Real Oregon Computer 
Co.. 205 W. 10th. (5031484-1040: Portland : 
Byte Shop, 2033 SW 41h Ave.. (503)223-3496. 
RI : Warwick: Computer Power, M24 Airpor1 Malt. 
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: Arl ington : 
Compuler Port . 926 N. Coll ins. (817)469-1502: 
Houslon: Computertex. 2300 Richmond. 
(713)526-3456: Inte ract ive Computers. 7646Y2 
Dashwood, (713)772-5257: Lubbock: 
Neighborhood Computer Store. 4902-34th SI. , 
(806)797-1468: Richardson: Micro Slore. 
634 So. Cenlral Expwy., (214)231-1096. VA: 
Mclean: Computer Sysl ems Slore, 1984 
Chain Bridge, (703)821-8333: Virginia Beacl1 : 
Home Computer Cenler, 2927 Va . Beach 
Blvd., (804)340-1977. WA: Bellevue: Byle Shop, 
14701 NE 20th , (206)746-0651 ; Seatlle: Relail 
Computer Store. 410 NE 72nd. (206)524-4101 . 
WI: Madison: Compuler Store. 1863 Monroe, 
(608)255-5552: Milwaukee: Computer S1ore, 
6916 W. North , (414 )259-9140. D.C.: 
Georgetown Compuler Store. 3286 M St. NW, 
(203)362-2127. CANADA: Ottawa, Ont : 
Tri nlronics. 160 Elgin. (613)236-7767 ; Toronlo, 
Onl : Computer Mar1 . 1543 Bayview. (416) 
484-9708; First Canadian Compuler Store. 44 
Eglinton Ave. W., (416)482-8080: Computer 
Place, 186 Queen St. W .. (416)598-0262; 
Vancouver. B.C.: Basic Compuler Group, 1438 
E. 81h. (604)736-7474 ; Pacific Compuler 

S1ore. 4509 Rupert . (604)438-3282. 
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Seven points 
to consider 
before 
you buy your
small computer. 

In this magazine alone. there are probably a dozen 
ads for small computers. New companies are breaking 
ground like spri ng flower ·. 

How, then, do you determine which computer offers the 
featu res you need most ... at the price you can afford? 

We'd like to propose seven basic questions LO help you 
make an intelligent decision. 

1 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 C mputer was the first compleie 

small compute r system. Everything you need lo make 

it work is included in the basic package. 


2.
Is powerfuI 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 lhan any other 
small computer maker. Our latest offering is the fi rst 
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.* 

3. 
Is the system easy 

to expand? 

More and more computer owners are 

expanding their small computers to handle business and 
other special ized requirements. 

T he 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. 


•Avu ilublc soon. 

Processorli 

4.
Is the computer 

wel1-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. 

5 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. 

6. 
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. 

7.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 bow we stack up 

to the other computers in this magazine. If we've 
succeeded in whett ing 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. 

hnology 
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The home computerthats ready 

to work, play ana growwithyou. 


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 graphics in 15 colors. 
And a built-in memory capacity of BK 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 IL 
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 
Apple II the first evening, entering your own 
instructions and watching them work, even if 
you've had no previous computer experience. 

The familiar typewriter-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 II users. This and other peri­
pherals-optional equipment on most per· 
sonal computers, at hundreds of dollars extra 
cost-are built i11to 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 II 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 how you use Apple fl-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 11 will go as 
far as your imagination can take it. 

Best of all, Apple 11 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 
and game 
interfaces, 
there's 
room for 
eight plug-in 

options such as a prototyping board 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 intetface, or a floppy 
disk interface with software and complete 
operating system . And there are many more 
options to come, because Apple fl 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 II, visit your local dealer for a 
demonstration and a copy of our 
detailed brochure. Or write Apple 

SEE OUR FULL PAGE DEALER AD ON PAGE 119. 

apple! computczr inc: 

Circle 5 on inquiry card. 

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 1/0 interfaces built-in. Also in­
cluded are two game paddles and a 
demonstration cassette. 

SPECIFICATIONS 
• Microprocessor: 6502 (1 MHz ). 
• Video Display: Memory mapped, 5 


modes-all Software-selectable: 

· Text-40 characters/line, 24 lines 


uppercase. 
· 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 
to include 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 

· ASCil keyboard port 

· Speaker 

·Composite 


video 

output 


Apple II is also 

available in board-only 

form for the do-it-y0urself 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 II plugs into any standard TV using 
an inexpensive modulator (not supplied). 

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



An Apple to Byte 


Carl Helmers, Editor,_ It has been a little over a year since 
first became aware of the prototype of 

the Apple 11 computer on a visit to Palo 
Alto CA in November of 1976. At the time 
I first viewed the Apple 11 prototype, it 
was little more than a wire wrapped proof 
of concept in a homebrew masonite box. 
In the year sinl:e my first exposure to the 
machine Apple 11 has become wh at I con­
sider to be one of the best exampl es of the 
concept of th e complete "appl iance" com­
puter. This variety of computer is sold as 
a finis hed prnduct off the shelves of the 
retai ler's shop or by mail from the manu­
facturer's ware house. In late October of 
1977, I took delivery on an Apple II with 
16 K bytes of programmable user memory. 
After removing it from its shipping box, 
I connected it to a color te lev ision 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. I was 
ab le to turn on power and begin using the 
compu ter within five minutes of receipt. 
After one session in my basement labora-

Photo 7: A concoction ofcolor resembling a 
byrd. This color doodle was produced using 
a homebrew joystick plugged into the Apple 
/l's game JO connector, and a BASIC 
program to implement interactive drawing 
on the television screen. The photograph was 
made using 7/7 5th 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 w1nng up some joystick hardware 
using Apple 11 's documentation as a guide, 
and after about three evenings of hacking 
with the built-in ROM BASIC interpreter, 
I was able to produce a program for a color 
sketch pad to provide an illustration of 
some of the potentials of such small com­
pu ters for use in artis tic contexts. While 
I treat the Apple 11 as one of the neatest 
"proofs of concept" of the idea of the 
pe rsonal computer yet to become avail­
able, it is by no means the only one on the 
market, so reade rs should judge for them­
selves with respect to their own values and 
preferences. 

The potential for producing graphics like 
photo 1 il lustrates why I became intoxi­
cated with the Apple 11 concept from the 
first word of its existence. With a personal 
interest in the uses of com pu ters for artistic 

On User's eview of the Apple II 
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TheAJ 8411/0. 

A completely 


refurbished IBM Selectric 

Terminal with built·inASCII 


interface. Just 5995.

FEATURES: 
• 	 ASC II code. • Rel iable. heavy duty Selectric 

mec hanism.• 	14.9 characters per second printout. 
• O ff-line use as typewriter.• 	Special introductory price - $995 

[regula rly $1.195) 75% discount from 
origina l price of new unit. AJ 841 WARRANTY AND SERVICE 

IS AVAILABLE IN THE• 	Paral lel Interface FOLLOWING CITIES : 
(connecto'r to 3P 
+ S inc luded) Los Angeles/Cinc innati 

Philadelph ia I Detroit• Order d irect from 
Hackensack I Dallasfactory 

Columbus I Houston 
• 	Documentation Cleveland I Atlanta 

inc luded. Son Jose I Chicagc 

• 	30-day warranty­ Boston I New York 
parts and labor. Washington. D.C 

• 	High q uality For further 
information callSelectric 

(408) 263-8520 printing. 

m:m ANDERSON 
lilill JACOBSON 

Anderson .tocobson_Inc 5 ~ Chorcoi .L\venue 
Son Jose Colltorn10 c 131 

r··-------------~HOW TO ORDER AN 	 CA------------------·LI P,L\ND M,L\IL WITH ORDERI 	 I
I AJ 841 1/ 0 TERMINAL 	 I 
I 1. Make cashier 'scheck or money order 1 urnber orunils @ 5995 eac h s 	 II payable to : 	 I 

ANDERSON JACOBSON, IN C. 	 s I 
Address your request to : 	 Soles lox I delivery locof1onII 

Personal Computer Terminal Shipping and handling $35 I
I ANDERSON JACOBSON. INC. eocf"I (exc lud ing Son Jose] s II 521 Charcot Avenue 	 I 

San Jose. CA 95131 TOT L S
I 2. Upon written notification. pick up your ------- I
I terminal at the AJ service office I 

localed In one of the above ci ties.I Allow six to eight weeks for delivery. !\J AME I 
I 3. A fina l check of your unit will be made I 

at the local AJ service office al time of ADDRESS II pickup. 
I 4. For warranty or repair service. return CITY STATE ZIP II unit to designated service loca1ion. I 
I 5. Avai lable In U.S. only. PHONE ( l 	 I 
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Photo 2: The Apple II in a typical use setting. The television is fairly far away 
from the computer itself 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. 

purposes, I knew that in principle I should 
be able to create something like photo 1. 
Later in this account, I will present the 
detail design of software which will enable 
the Apple 11 user to doodle as I did. I 
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 11 
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 "k luge 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 11 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 I have had to using this system 
in the four weeks or so following its 
arrival. 

Externals 

The physical appearance of the Apple 11 
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 II 
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 I 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 11 looks like 
an overgrown pocket calculator. I 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 11, 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 I 
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 wil.I tend 
to extract the keyboard from its moorings. 

A usable configuration of the Apple 11 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 11 , 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 
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CAMERA CONTROL 

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 fi res, 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. • 120 WOOD AVENUE • MIDDLESEX, NEW JERSEY 08846 • (201) 469-6640 
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Photo 3: Removing the cover and lool?ing 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 76 K memOJy parts) and an 8slot 10 bus used to interconnect 
peripherals. A t the right toward the rear of the cabinet (top ofphoto) is the 
RF modulator used to drive the television on channel 3. The keyboard can be 
seen toward the lo wer edge of the photo. 

one used in all the photographs and list ings 
accompanying this art icl e. 

The main problem with direct RF entry 
as a me thod is the tendency of the te levision 
set's tune r to pi ck up RF hash from the digi­
tal logic of th e computer, a problem wh ich 
was qui te severe in my experience, usi ng a 
Panason ic color te lev ision. The degree of 
interfere nce is dependent upon the exact 
posi t ioning of the cable, the television and 
the computer relative to its various power 
and periphera l cables. The problem can be 
minimized, as shown by the fact that in th e 
listings and photos of this article I was ab le 

to get a clear picture; but I do not recom­
mend use of a Panasonic television like 
mine with the Apple 11. (Steve Jobs of Apple 
Computer suggests use of several models of 
Sony television sets due to superior RF 
shielding relat ive to the Panaso nic set I used.) 
If you purch ase an App le 11 and a color 
televis ion for it, I highly recommend testing 
the TV and computer combination prior to 
settling on a particular television . Some com­
puter stores wil l convert TV sets to direct 
video entry, so this provides anoth er opt ion . 

Internals 

Photo 3 shows the Apple 11 '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 protrudi ng past the lip 
at the fr ont edge of the case (bottom of the 
photograph). Also seen in this picture is a 
homemade cable running from the game 10 
connector of the processor board to the 
joystick box which I built for use with the 
color sketchpad program to be described. 
At the top right in th is photograph can be 
seen the RF modulator uni t which plugs 
directly into th e main board of the compu· 
ter. Note tha t the RF cables contain large 
toroidal ferrite coil forms with several 
turn s of the cab les aro und th em. Th ese are 
used to minimize (but in my ex perience 
with the Panaso nic te levision never totally 
elimi nate) RF hash interference in the tele­
vision se t when the RF modu lator techn ique 
of video data entry is used . 

The App le 11 provides a decoded set of 
eight 10 sockets which also featu re all the 
processor bus signals. At the ti me the Apple 
11 was del ivered to me no peripherals were 
avai lable which used this bus, but I have 
since seen several advertisements for prod­
ucts to plug into the Apple 11 bus and th e 
Apple Computer Company is working on 
peripherals to ex tend the power of the 
mach ine. Th is bus is compl etely docu­
mented and should work out we ll for the 
advanced experi menter. 

The App le hardware includes two fairly 
gamey peripherals for use in fam ily enter­
tainm ent situations. One such periph eral 
is a pair of game 10 padd les consisting 
of an analog inpu t lever and pushbutton 
switch for each channel. A second such 
peripheral is the annunciator output which 
in add ition to sounding the "bel l" charac­
ter of ASCII can be programmed by the 
user with arbitrary pitch es, as a sort of 
music synthesi ze r. 
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* " - - ­ llr)r ;izor ~ 

LookToThe North Star HORIZON Computer. 

HORIZON ™- a complete. high-performance microproce sor 
system with integrated floppy disk memory. HORIZON is 
attractive, professionally engineered, and idea l for business. 
educational and personal applicatic ns. 

To begin programming in extended BASIC. merely add a CRT 
or hard-copy terminal. HORIZON-1 includes a ZBOA proce sor. 
16K RAM, minifloppy™disk and "12-slot S-100 motherboard 
with serial terminal interface - 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 se onds. Each diskette can store 90K byt s. 

AND SOFTWARE, TOO 
HORIZO includes the North Star Disk Operating System and 
fu ll extended BASIC on diskette ready at power-on. Our 13ASIC, 
now in widespread use, has everything desired in a BASIC, in­
cl uding sequential and random disk fi les. formatted output, a 
powerfu l line editor, strings, machine language CALL and more. 

EXPAND YOUR HORIZON 
Also avai lable- Hardware floa t ing 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 1/0 ports may be installed on the motherboard . Many 
widely available S-100 bus peripheral boards can be added to 
HOR IZON. 

QUALITY AT THE RIGHT PRICE 
HORIZON processor board, RAM, FPB and MICRO DISK SYS­
TEM an be bought separately for either 280 or 8080 S-100 bus 
systems. 

HORIZON-1 $1599 kit: $1899 assembled. 
HORIZON-2 $1999 kit; $2349assembled. 

16K RAM - $399 kit; $459 ass rnbled; Parity option $39 kit; $59 
assembled. FPB $259 kit ; $359 assembled. 280 board $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. 

NORTH STAR * COMPUTERS 

2547 Ninth Street • Berkeley, Cal iforn ia 94710 • (415) 549-0858 

Circle 83 on inqu iry card. BYTE M•rch 1978 23 



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 
II is partitioned into three major segments. 
The region from addresses hexadecimal 0 
to BFFF (48 K bytes) is reserved for pro· 
grammable user memory, implemented with 
dynamic memory parts. The region from 
0000 hexadecimal to FFFF hexadecimal 
is reserved for systems software in read only 
memory , and 10 ports are found in the 
COOO to CFFF region. 

The user memory region can have any 
combination of three 4 K or 16 K byte 
regions depending upon which memory 
chips one plugs into three sets of eight 
sockets. Thus the Apple 11. can be had with 
4 K, 8 K, 12 K, 16 K, 20 K, 24 K, 32 K, 
36 K or 48 K bytes of memory at the 
user's option . For full use of the capa­
bilities of the machine I 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 0000 and extending through 
FFFF. In the versions of Apple II currently 
bei ng 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 5 K for the integer 
BASIC interpreter, 1 K for miscellaneous 
utility routines, and 2 K for the system 
monitor program. 

Systems Software 

As with all the self contained "complete" 
computer systems, Apple 11 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 

Tobie 7: Summary of 
the Apple II 5 K BASIC 
interpreter. 

The Processor 

As documented by its designer Stephen 
Wozniak in the May 1977 BYTE, the design 
of the Apple 11 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 1=1TO10000,110 NEXT I 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) 


I 
MOD 

Functions: 

ABS 

ASC 

LEN 

POL 


Other features: 

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

HUN 
PLOT 
VLIN 

#or<> 
< 
> 
<= 
>= 
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 

LOAD 
LOMEM 
MAN 
NEW 
NO DSP 
NO TRACE 
RUN 
SAVE 
TEXT 
TRACE 
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System 8813 

The Computer for the Professional 

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. 

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. 

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

PolyMorptiic 
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Ne~ iCOM~Attache·· 

A serious small system for practical comput ing 

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 Attache­
handsomely produced by iCOM9 

pros, strengthened by our Pertee 
Computer Corporation family ties. 
Al ready first in Microperipherals~ 
we've expanded our industry 
commitment, to provide complete 
turnkey systems backed by PCC's 
full technical resources. 

Take Attache seriously. 
At last a no-nonsense desktop 
computer: highly advanced, but 
you don 't have to be an eng ineer to 
run it. And flexible enough for 
application versati lity. 

Heavy-duty powered, Attache's 
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), 1/0, process 
control , and/or iCOM floppy disk 
interface cards. 

With serious software support. 
AttacM software options take 
advantage of iCOM 's sol id expe­
rience: field-proven FOOS-Ill '" 
Disk Operating System; relocatable 
assembly language development 
system; and DEBBl :" 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. 

Products of i::!5 Pertee Computer Corporation 

20630 Nordhoff Street, Chatsworth. CA 913t1 . Telephone: (213) 998-1800. TWX: (910) 494·2093. 


Built and backed by Penec Computer Corporatoon. (world 's leading independent producer of computer peripheral eQuipmem and distributed processing and data entry systems). 
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VISIT YOUR NEAREST 

MITSDEALER 


ARIZONA: 
Alliar Compuler Center 
4941 Easl 29th Streel 
Tucson. AZ. 85711 
602/748-7363 
Contact: Armand Sperduti 
Southwest Micro-Systems. Inc. 

3815 North Third Street 

Phoenix . AZ. 

6021957-3738 

Contact: Darryl C. Goebel 


ARKANSAS: 

JFK Eleclronics 

3702 JFK Blvd. 

No. Little Rock . AK 72116 

501 /753-1414 

Conlact : George Luijel 


CALIFORNIA: 

Computer Kits 

1044 Universily Avenue 

Berkeley , CA 94710 

405/845-5300 

Con1ac1: Pele Roberts 

The Computer Store 

820 Broadway

Santa Monica. CA 90401 

2131451-0713 

Contact: Dick Heiser 


COLORADO: 

Gateway Electronics of St. Lo uis 

2839 West 44th Avenue 

Denver. CO 80211 

303/458-5444 

Conlacl : George Mensik 

Sound-Tronix 

900 Ninth Avenue 

Greeley, CO 90861 

303/356-1588 

Contact: Ronald Schuster 

(have two other locations 

in Colorado) 

FLORIDA: 

Allair Computer Center ol Miami. 

Inc. 

Opa Locka Airpo rt 

Miami. FL33166 

3051688-0569 

S.E. Micro-Dala Corporation 
6020 South Orange Blossom Trail. 
Suite 602 
Orlando. FL 32807 

GEORGIA: 
The Computer System center 
3330 Piedmonl Road . N. £. 
Atlanla . GA 30305 
4041231-1691 
Contact: Rich StaHord , Lou Darby 

ILLINOIS: 
Chicago Computer Store 
517Talcotl Road 
Park Ridge. IL 60068 
3121823-2388 
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 
Conlact: Phil Bou ldin 

KENTUCKY: 
The Computer Slore 
Suites 
Municipal Parking Bldg. 
Charleston . West VA 25301 
304 /845-1360 
Contact: Steven C. Payne 
MICHIGAN: 
The Computer Store of Detroit 
505-507 West 11 Mile Road 
Madison Heighls. Ml 48071 
313/545-2225 
Contact : Pete Blond 
The Compuler Store of Ann Arbor 
310 East Washinglon Street 
Ann Arbor . Ml 48104 
313/995-7616 
Conlact: Pete Blond 
MINNESOTA: 
The Compuler Room 
3938 Beau O'Rue Drive 
Eagan. MN 55122 
612 /452-2567 
Contact: Roger Hensen 

MISSOURI: 
Gateway Electronics of SL Louis 
8123-25 Page Blvd. 
St. Louis, MO 63130 
314 /427-611 6 
Contact: Lou Elkins 
NEBRASKA: 
Altair Computer Center 
611 North 271h Street 
Lincoln , NE 68503 
402/474-2800 
Conlact: Steve Conover 
NEW MEXICO: 
Computer Shack 
3120 San Mateo N.E. 
Albuquerque. NM 871 10 
5051883-8282 
Contact: Pete Conner 
NEW YORK: 
The Compuler Slore 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 Blvd. 
Charlotte. NC 28205 
704/334-0242 
Contact: Grey Hodges 

OHIO: 
Altair Computer Genier 
5252 North Dixie Drive 
Dayton , OH 45414 
513/274-1149 
Contact: John & Judy Polter 
The Com~uter Store ol Toledo 
8 Hillwyc Streel 
Toledo. OH 43615 
Southern Medical Clinic 
3700 South Parsons Avenue 
Columbus. OH 43207 
614/497-1 366 
Conlact: Dr. Robert Bertani 
OKLAHOMA: 

Allair Computer Center 

11 OThe Annex 
5345 East 41 st St reel 
Tulsa, OK 74135 
918/664-4564 
Conlact: Ray Koons 

OREGON: 
Allair Compuler Genier 
8105 S. W. Nimbus Avenue 
Beaverton. OR 97005 
503/644-23 14 
Conlact: Dick Landon 

PENNSYLVANIA: 
Microcomputer Systems Inc. 
243 West Chocolale Road 
Hershey. PA 17033 
71 71533-5880 
Contact: Walter Hiester 
Five HCorporation 
740 Huntersrun Road 
Poltstown . PA 19464 
Contact Michael Hegedus 
TEXAS: 
Swift Computers. Inc. 
Suite 206 
3208 Bellline Road 
Dallas. TX 75234 
Conlacl: Carl Swilt 
Swifl Compulers, Inc . 
Fort Worth , TX 
214/241 -4088 
Contact: Carl Swift 
Burcoo, Inc. 
5750 BinlliHDrive 
Suite 206 
Houslon. TX 77036 
713/780-8981 
Contact: Bob Burnett. Mike Conley 
Compulronics 
5415 251h Slreet 
Lubbock. TX 79407 
806/797-4495 
UTAH: 
Microcosm Incorporated 
534 West 9460 
South Sandy. UT 84070 
80 11566-1322 
Contact: John O. Anderton 

VIRGINIA: 
Comput ers-To-Go 
1905 Weslmoreland Streel 
Richmond , VA 23230 
8041355-5773 
Contact: Becky Willis 
Microsystems Computer
Corporation 
Century Mall-Cryslal City 
2341 South JeHerson Davis 
Highway 
Arlinglon. VA 
7031569-1110 
Contact: Russ & Gloria Banks 
Megabyte Computer Association 
700 Stoney Point , Suile 7 
Newlown Road 
Norfolk . VA 23502 

WASHINGTON: 
Allair Computer Genier 
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 Slore 
285 Wesl Northland Avenue 
Appleton . WI 5491 1 
4141731 -9559 

EYTE'~ Eits 

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 SOM B cards 
for article j . What we do is execute the 
following procedure: 

j=n
Mean: 5< = ( ~ Xj )/n 

j=l 

·-n 
Standard a= SQRT( 1~ (Xj - 5()2) 

Deviation j=l 

Then the "figure of merit" for a given 
article j is given by the expression: 

Figure of Meri t: f = (Xj - X) I a 

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 Computer/st, 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-I I , 
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 April 

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 
Tech nology 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 Ml 48090.• 
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revised 2nd Edition...with industry standard 
...has just arrived! Plus, a special bonus! 

Scelbi has done it again. Here is - • '8080' Pocket Guide Bonus elbi• -+ 
the great book that lets you cook offer.cca ao>> 
up appetizing, hot programs for If you act right now you can 
your own '8080'. And, now, own Scelbi's equally famous '8080'ffiiTd 
it's be~n completely revised, and 0 re Programmer's Pocket Guide, a 
republished, to reflect the latest compact, pocket-size, instant 
industry standard mnemonics. GOu etgu1·de reference that explains the in-

This tasty delight of all new 
second generation software for 
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, 

l 'b · l 
a must for any l rary, is on Y 
$14.95. The new heavy-duty Vinyl 

d •t• f th h d covere d e l ion, or e ar 
working, heavy computer user, is 
0nly $12 .95 . The same facts are 
packed into an economical paper­
back edition for a low, low $10.95. 

·ng Point Arithmetic Float1
Routines. 

The new 2nd edition of the 

Cook 
L9~~L 

•· - + - ·• ~ 

floating point arithmetic programs 
(worth the price of the book 
alone!) ... plus input/output 
processing for your basic I/O 
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"x4Y2 " , slips 
into your pocket, so you can 
carry it with you everywhere. 
It's an ever-ready instant ref­
erence for operation of your 
'BOBO'. It explains the instruc­
tion set in painstaking detail, 
and gives both octal and hexa­
dec imal codes. This valuable 
book regula rly sells everywhere 
for $2.95. If you order your 2nd 
Edition Cook Book now, you 

can also purchase the Pocket Guide 
for a low, low $2.00. Do it now! 

famous Scelbi coak Book even Price shown lor North Ame!1can custome<s. Maste< 

includes completely assembled ~9:;1P=~~~~o~~~~~:=: 
Pricing, speclllcotlons, avallablllty sublecl to 
change wltnout notice. SCELBI 8ook.s ore available 
In many nne Compute< Stores. IMPORTAN11 h 
ck.Ide 75¢ postoge/hondllng for each Item 
dellve<ed by U.S. Mall Boal< l!ale: or 52 ror each 
Item shipped first Closs or via UPS. 

• Deluxe Hardcover Edition, now only $14.95 
• Durable Vinyl covered Edition, now $12.95 
• Economical Paperback Edition, now $10.95 

Circ le 100 on inqu iry card. 

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 
!Jook now, and the Pocket Guide 
is yours for only $2.00. 1 

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.~. Box 133 PP STN, i 
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 {*) return ed to the 
video display as a prompting character. 
The functions avai lable from this program 
include hexadecimal manipulations of mem­
ory con ten ts: displaying memory, changing 
memory contents, moving blocks from place 
to place in memory, comparing blocks in 
memory, readi ng 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 inc lud es provisions for machine lan­
guage traci ng of programs, si ngle step 
execution of machine langu age 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 11 '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 5 K Apple BASIC interpreter is 
entered fr om the system monitor through 
use of a "control B" command followed 

Table 2: Summary ofApple II features. 

Processor: 6502 running at 1.023 MHz 

User Memory Capacity : Three banks of eight 4 Kor 16 K dynam ic memory parts 
4 K, 8K,12K , 16 K,20 K, 24 K, 32 K,36 K or48 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 

ASCJ I keyboard 


Audio tape mass storage (approximately 1500 bps) 
NTSC color video generation for primary display 

Optional : 

AF modulator for video coupI ing 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: 

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, requi res 16 Kuser memory) 

Applications software examples including games, accounting, etc 
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by a carriage re tu rn. This sequence res ults 
in the 5 K BASIC interpreter's prompt 
of an angle bracket (>). Th e 5 K inter-­
preter bui lt into ~he Apple 11 is an integer 
BASIC with 16 bit precision and a signed 
two's complement number rcpresen ta t ion. 
Tab le 1 summar izes the characteristics of 
this BASIC. Built into the language arc a 
num ber of extensions which are used to 
control special hardware and the graphics 
of the Apple II color display. These exten ­
sions inc lu de the commands GR, TEXT, 
PDL (read a control padd le), SCRN (extract 
the current color of a point on the screen), 
COLOR=, PLOT, VLIN (draw vert ical 
line) and HLIN (draw horizontal line). 
Using this 5 K BASIC I was able to imple­
ment the co l or sketchpad program shown 
in the listi ngs of this artic le, 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 in volving co lor graphics and reaction 
times on the part of the user. Bu l the 5 K 
BA$1C, even given its string capabi lit ies, 
is not what one would want to use to do 
a sim ulation of a physical system or cal­
culate quantities other than in tegers. 

As an answer to the need for an ex tended 
BAS IC as a la nguage for the Apple 11 , 
there is the "Applesoft" extended BASIC 
interprete r 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 
co mpany, and a gross pun ( "applesauce"). 
Th is interpreter is nearly identical to the 
Mir,rosoft extended BAS IC interpreters 
which have been made available for a num­
ber of pe rso nal 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 th is 
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 bui lt- in 
graphics primitives, or having graphics but 
no LET and REM statements. Since LET 
is totally optional in assignments, its loss 
is hard ly felt; but the 1 ack of remarks may 
be fe lt 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 Ii ke al I Microsoft inter­
preters, Applesoft has PE EK 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 BK 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 MOS 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 MOS is widely considered one of 
the best designed and most complete S-100 bus products 

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 SO times faster than 
8080 software, and BASIC programs can execute up to 
1Otimes faster. A version of North Star BASIC is included. 
Kit: $259. Assembled: $359. Prices subject to change. 

NORTH STAR * COMPUTERS 

Circle 83 on inquiry card. BYTE Ma.rch 1978 312547 Ninth Street· Berkeley, California 94710 • (415) 549-0858 
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Photo 4: An example of 
the high resolution 
graphics hardware of the 
Apple II 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 11. 

pnm1t1ves and all hardware addresses are 
documented in the Apple 11. 

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 inte r­
preter is entered, as indicated by a right 
square bracket prompt character (] ). With a 
16 K Apple II system, the user gets the 
message "5615 BYTES FREE" at the 
conclusion of the setup sequence. 

Running the same rather incompl ete 
benchmark as is found in table 1, I found 
that the Applesoft interpreter running in 
an Apple 11 took 12 seconds for 10000 
iterations of a nul I loop. 

Tape Mass Storage 

The Apple 11 tape mass storage system 
accomplishes its purposes of storing and 

recovering files of data. I 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 Appl e 11 '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 11 tape system to keep track of fil es 
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 "veri fy" command 
for those of us who would Ii ke to make sure 
that a file is properly written before pu ll ing 
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 retu rn which completes the com­
mand line, then sirnul taneously starting the 
recorder and hitting the carriage return key . 

High Resolution Graphics Software? 

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

Continued on page 35 
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The difference is value. 
 microprocessor and the 8-100 

competitors in mechanical, 

thermal and electrical design. 


I 

shown below - beat all 
 look into our low cost 

systems - such as our 
 even microprocessor Vector Graphic Inc., 

Based on an 8080A 

8080A software. 

microcomputers and interface 
boards, kits or assembled. 

----------------,

Rush me details today. I 


I
Yes, I'm interested in: Take a look at our low-cost 

microcomputer's heavy duty 


bus structure, Vector Graphic 
microcomputers arn compatible 

D Systems D Boards, kits or I 


removed, it maintains its rigid 
 patches) with all of the current Name
cabinet. Even with the cover 
 (with the exception of minor I/O 

assembled D Microcomputers I


I 
Firm I
structural integrity. But we 


don't stop there. Quality built 
 Ifyou're designing small Phone I 
Address IVector Graphic products, from 


boards and kits to complete 

business systems, text editors, 
control equipment, games or City/ State/ Zip I 

Memorite turn-key text editor 
 development, it will pay you to 790 Hampshire Rd., Westlake I 
Village, CA 91361 (805)497-6853 I 

i:O~ C:~Ai»l-iC inc.l 
~----------------' Sold and serviced nationally. 

Vector Graphics microcomputer: 

Whats in it for you? 

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

Circle 100 on inquiry ca rd . 
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why lhe lasl bus 

is lhe besl bus 

If you w:ant te be better, y;c;>u 
have to be w.i.Uing to make 
'chan'ges. Se, :wlien we stattea 
del!li~'ll~ Ol;!.r 'ae U6inpUt.er 
pgck in J97~. ·w~ pti;t miide a.lpt 
of pr~-gqn~eptions .te de,~~gn a 
better- ooinp~teJt Feli instmi~e, 
ihsteadl ef,sia~!~h~y ~do,ptin.g 
an irlferior bas..as a ~stcmdard," 
we designed oui:-own. We 
usea filw.hdlv·r:l;>uff.eJed lin(ifs 
be€aU$e that's ci):t .:w.~ :re·ally 
needed wit!h thE! HB'~ f>uilf-i.n 
systems eantroller, 'Fhe resJ:llt?· 
Clea·n signals, · minimum 
n0ise· arid, gr-eat expa111sion 
capabtlities. · 

· Next, we pickecii,a tn"'le'1fe- · 
mc;:de eoµ.~ector, No.t erily 's•it 
l~ss eXp,efµ!ive•tha~· eQ.ge:con­
negtol'S, ou,r 'te'~t:s !ilb'qw 'it's 
also more reMaJ:~lel Anel. J:>e­
C?ause it, costs '~eS~'!l ,ev:ery HS: 
motheraoara incluaes ali the .. 
eonn:eders,. }'iou:need ~c;, ,ex·­
pansiE>n. tltere's nathing .extra 
ta bu~{ . 
The conI!-ec~~r.s i11i!'I mo'\j.nted 
on the rightside Qjtl;le c~inet 
at a.n •angle.sc::> 'the boqrds tW 
back.Thatgives u.s a couple of 
sigllificant adv~ntages. :P.irst1- , 

if a.Uows tFie, b.oard.s . to he 
larger witl;Lout requiriJ;i9' .~ 
taller cabinet, So ow circuit 
J:>oard lay~~t is more open. 
whfoh makes tlie boards 
easiez: te.p-µi!,(i - .ev:E!n if ypJ..'ve 
never built d Jtit before. Sec­
ond, the•angled mdunting 
provides easy accessH)ilit.y to 
a.11 the compqnen't~ on the fac::e 
of the bear.ds w·ithsut an ex­
tender. '(Many times an extel').­

d~r alters the transmission 
c;:harctcteriatics of the bus, 
w'hich masks' the problem 
you're tryQig to solve or even 
eausei;i new ones.) 

Ana we·plan t.9 support the,HS 
bus. [n the future you can ex­
pect to see m.any ·new a;nd 
exciting accessories for. the HS 
}J)us lilce higher density, lower 
power·m·emorles·and a :variety, 
df illl'liqua I/O interl'ac~s. 

We'w. v~ry happy with our bus, 
a~d we thUik you will be, too. 
Who mind,s being di_fferent ... 
as lcmg aij> .you're better. 

rREI 

Heathkit Catalog 

. Read about nearly 
400 mon~y-saving. 

fun-to-build 
elei::trol;lic kits. 

Use coupon to send for 
l~~~".i=::::::~=.;..lf..lYOUI mall order catalog 

- orbring coupon to a 
--"'~~-- 'Heathkit· Electronic 

€:enter for 'your catalog. 

,-----------------,
~EATH ~ Heath Company, Dept. 334-390 II ~ ffilNmm'1?l'~ Benion Harbor, Ml 49022 

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

I 
1 Name 

Address·-­ - ­ - -------- ­ - -- ­ - ----­

1 City State 

I CP-138 Zip 

I 

I
I 

I 

I 
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AVAILABLE LOGALLY AT 

HEATHKIT' ELECTRONIC CENTf:RS 

(Units of Sch'lumberger Products 

Corpqret)orJ) fletajl tsrices on some 

products ma~ be slii,htlY higher. 


ARIZONA: Phoenix; 850171 2727 W. lndJan School 
Rd , Phone: 002·279~247;' CALIFORNIA: An•tiahn, 
82805j 330 E. Ball Rd ., Phone: '114-776·9.429; El 
Cerr1to,. t4li30, 6000 PotreJo Ave .. Phone: 415-236· 
8870; j ~o• AngalH; 80007, 23~ S~ Flow'er St., 
P.t\on~ : 213-749-0261; P.omon.a, g17117, Hi55 Orange 
G.ro\l.e Aye. ~.. Phone: i111'623~643i R•d!W!>Od 
Olly, 94083, ;1..001 MlddlQlield Rd, ~· Phone; 415:.366­
8155; sacramenlo, 95825, 1880 Fultoh /lo,ve., Phone: 
916-486'-1575; Ban Diego (la MHI, 82041), 8363 
Center Dr. ;P.ho~e: 714°'461-0110; San Jon (Camp­
bell., 9&008), 2350 S. Beacom Ave, , Phone: 408· 
37-7-8920; Woodland Hiiia, 913.64, 22504 Ventura 
·Blvd .. Phone: 2~3-e8'3;,053f; COLORADO: Da~ver, 
80212, 5940 W. 38th Ave., Phone: 303-422-3408; 
CONNECTICUT: Hartford (Avon, 08001), :las w. 
Main SI. ' (Rte. 44), Phoi:iii: 2<!3;-678.!0323; FLORIDA: 
Miami, (Hlalnh, 33012), '\7,05 W. 16th Ave., Pho'ne: 
305,823-2280[ Tamp~, 33614, 4019 Wes( Hllls­
boroµgt\ Ava., P.h.one: 8113-888·254~; 'GEORGIA: 
Atlanta, 30342, 6285 Roey.oall Rd., Phone: 404-252· 
4341; ILLINOIS: Chicago, ,60645, 3462-ea W. Da­
von ·Ava., Rhone: 312-583-3920; Chicago (Down1r11 
Grove, 6051S), 224 Ogden Ave., Phone: 312-852­
1304\- IND lf,NA: ·1ndl•n•1101r1, 46220, 2112 e ._62nd 
St., Phboe: fi,7-257-432l; ·K.,NSAS: Kan~H City 
(M1111on, 8_6::!02), 5960 Lamar Me., Phon_a: 913· 
362-4486; " KENTUCKY: Loultivllta, 40243, "12401 
Shelbyvflle -Rd., 'Ph-one: 502'245;7811; LOUfSIANA: 
New Orleans (Kanner, 70082), 1900 Vete·rena 

' Memorial Hwy:, phone.: 604.722-6321; MARYLAND: 
Balllmore, 21234, 1713 E. Joppa Rd., Phone : 301­
661-4446; Roi:kvllla, 20852, 5S42 Nlohol§qn Lane, 
Rhona: 301-881-5420; MllSSACtlUSETTS: Boston 
(Paabody, 01-960), 242 An'dover St., pho,ri'e: 617­
531-9330; Bo11on · OO•llHley, 02181), 16!\ . Wor­
cester Ave, (Rt. 9 Just west of RI. 128), Phone: 
617·237-1510; MICHIGAN: Detroit, 48219, 18645 
'If. Elgtit ' Mile Rd., Phone: ~fa-535-6480; E. DB· 
trolt, 48021, 181'19 E. Eighl Mlle !:Id., Phone: 313· 
772~041~; Ml~NESO.TA. : Mln1111poll1 (!iopkln1, 
55343), 1on Shady. Ciak Rik Phone: 612-938-6371; 
MISSOURI: st: Louie (Bridgeton), 113044, 3794 
McKelvey Rd .. Phqna: 3~+:291-1850; NEBRASKA: 
Omaha, &8134, 9207' ~aple St., Phone: 402-391 • 
2071; NEW JERSEY: Fair lawn, 0~410, 35-07 
Broadway (Rte. 4)1 Phone : 201-791-6935; ·-·0caan, 
07.712,, 10j3 -' State Hwy. 35, Phone ; 201 ~775-1231; 
NEW YORK·: Buffalo (Amher•I, 14226), 3476 She ri· 
den Dr., Phone: 716:835-3090; Jericho, Long la­
l~nd, 11753, 15 Jericho Turnpike; Phone: 516-334· 
8181; Rochealer, 14823, 937 Jefferson Rd., Phone: 
716-244-54.70: White Pletns (North While Plain•, 
10603) , 7 Rese_rvolr Rd., fhone: 914-761-7'690; 
OHIO: Cincinnati (Woodlawn, 45215), 10133 
Springfield F!lke, Phone: 513-771-8850; Cleveland, 
44~·29, 5444 'Pearl Rd., Phone : 216·886-2590; co1­
umbu1, 43229, 2500 Morse Rd ., Phone: 614-475­
7200; Toledo, 4~815, 48 S. Byrne Rd., Phone: 419· 
537-18.87; PENNSYLVANIA: Phlladefphl!I, 18149, 
6318 Roosevelt Blvd., Phone: 215-288-0180; FreHr 
(Chesler Co.), 19355, 630 Lancaster Pike (Rt: 30), 
Pfione: 215-647-5555; Pl111burgh, 15235, 3482 Wm. 
flenn Hwy .. Phone: 412.824-3S64; RHODE ISLAND: 
Providence (Warwick, 02886), 558 GJaenwlch 
Ave., P.hone: 401-738-5150; TEXAS: Dalla•, 75201, 
271 ~ Ro~s Ave., Phone.: 214-826-40531 Houston, 
770~7; 3706 Wes_theln\er, Phone: 713-6-?3-2090; 
VIRGIN IA: Alexandrla, 22303, 6201 Richmond 
Hwy .. Phone: 703-765-5516; Norfolk (Virginia 
Beach, 2345~), 1055 lndepen'dence Blvd .. Phone: 
804-460.-0997; WASHINGTON:.Saallle, 98121, 2221 
Third Ave,. Phone: 201h 682-2172; W,ISCONSIN: 
Miiwaukee, 53218, 521·5 ..W. Fond du L.ac, Phone: 
414'873-8~50. 

Circle 52 on inquiry card. 

http:537-18.87
http:716-244-54.70
http:Ml~NESO.TA
http:l~~~".i=::::::~=.;..lf
http:b.oard.s.to
http:U6inpUt.er


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 11 's unique col or graphics 
orien ta ti on; its potential is shown by a 
"high resolution demo" program which 
l 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 execu tion 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 I isted 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 I 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 graph ic whi z­
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 11 is not 
hidden from the user who wants to figure 
out what is in his computer. The "prelimi­
nary " documentation which l have on the 
Apple 11 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 5 K 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, I was 
able to turn to a page of the manual con­
taining a specification of all the signals on 
the 16 pin game 10 connector. This manual 
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P LUG TO Jl4 OF APPLE Il 

Figure l: Wiring of the joystick control box and cable. The box is shown in 
photo 5. The cable used was made up ofseparate #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 prel iminary manual is complete 
enough to stand on its own. 

The only items where I found documen­
tation somewhat scanty were the Applesoft 
BAS IC in terpreter (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 II: A Color Sketc hpad 
Program and Joystick 

As a means of trying out the Apple 11 
system and its documentation, I 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 
BK), a term in al, 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 BK 
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 (1 MHz 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· 
proces~ing 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. 



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-R OM , 4K of RAM memory, and a serial port 
which can be jumpered tor 20ma current loop or RS-232. 
The board can be plugged into any standard OSI ­
backplane and expanded by our full line of accessory 
boards. The user must simply supply + 5V and - 9V power 
and the serial term ina l to be up and running in BASIC. 
$298.00 

Challenger D· P 
Our very popular fully packaged BASIC-in-ROM computer. 
Challenger llP 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 lo 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 

••11111 ' II 

11679 Hayden • Hi ram, Ohio 44234 

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, tu 11 buffering for expansion, an eight-slot back· 
plane board , and a Model 440 Video 1/0 Board. Model 440 
provides full CRT fu nctions when connected to a video 
monitor or modified lelevision 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 

Challenger DDisk Systems 
The ultimate in persona l computing offered by Ohio 
Scientific Is the Challenger II system with single· or dual­
drive ful l-sized floppy disk. Each floppy stores 250,000 
characters. The Challenger II is available as a video 
system with keyboard so that all the user needs is a televi­
sion or monitor for operat ion; or as a serial version where 
the user must supply his own terminal. Challenger II 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 smal I business appl ica­
tions. Chai Ieng er 11 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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The Challenger.m 

System 


When considering cost effective computers for small business applications, the 
prospective buyer reall.y 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 CP~ 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. If 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 assembled 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 II and Challenger Ill business systems stand on 
their own, based on ultra-high performance and .impressive performance/cost ratio_. Look 
carefully at the specifications of the Challenger Ill system on the following page. Compare the 
advantages of a factory-integrated a·nd supported computer system with those of a computer 
system of mixe,d origin. We think you will agree Ohio Scientific is the only sensible ct:10ice in 
cost-effective small business computing. · 



• 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 110 
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. 
OMS, 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. 
•Opt ional 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. 
•Challenger Ill 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 110 port, dual drive floppy disks (500K bytes of on­
1 ine 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, 65·11ne-a-minute trac­
tor feed line printer and an applications software library 
sells for about $6000, or rents for a litt le over $200 a month 
on a three-year lease! 

DEALERS REPRESENTATIVES 
Ttlt Abu:vt. 01lnar1 Mic:rrnrs11m1 
rMn Rit 92 E Mi111\ SI II 

Ntw.ull OE 191111 IJ021 7J8,J7DO ~1~)!~~~~: · Ml .t~UOl 
llim11k:..n Mltr apn:iceu ars Gtul Libs Phcna , l11 t . 

Eq.ilslmern l S.ipply CG1p. !>001 EJ.stmnRO'° N M1lwau~ et A'll Mi<ll.lnd. 1.6148640 
PfilU(IVICIW, ll 60069 1!>17! 631·!>461 
131:?1 EiJ4 ·00/6 

Comp111tr M1r1 er New York 
H8 t.Ud1sonAve 
Pfew 1((111'; m· IOCUO 
t1 •1!6ai-191J 

~~m/:"r Pint 
E\ol !)10 
Jaiplln MO &1801 
lli11171!11 19ll6 

Comp1111rPGw1r 
P 0 IJ.oM 18193 

~;,~~7~r.~921 28 
Compu1tr Shap IAlruim} 
Za.8fil)l lolk S1 
C.wDOIJ~ Mil. 02'139 
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11679 Hayden• Hiram, Ohio 44234 

For more Information contact an Ohio Scientific 
dealer or the factory. Be sure to specify your interest 
in business systems. 
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Continued from page 35 

Photo 5: The joystick box which was implemented in order to create the 
color sketchpad application of listing 7. The cabinet is a gourmet plastic 
food container obtained at a retail outlet. The box is wired according to 
figure 7, which was created using the Apple II dowmenlation. 

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 stand ard from the manu ­
facturer of Apple 11. Then with the joystick 
box tested and working, I would create soft­
ware which would use the joystick and the 
Apple 11 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 11 is a simple matter of wiring. The 
manual lists the complete set of signals avail­
able at the game 10 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(O) 
and PDL(l) in 5 K BASIC) and three switch 
inputs. The actual box which I 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 arch aic 
surplus digital test jig (circa 1960 technol ­
ogy) . The entire device was mounted in the 
bottom of a gourmet food container which I 
purchased retail at a shopping mal I for this 
purpose. (I actually had to buy a match ed 

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 II (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 II. 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(O) and 
PDL(l) 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 I 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 I normal­
ized the values to a range of 0 to 39 appro­
priate for the 40 by 40 matrix of points of 
the Apple 11, 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 I 
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 I 
had an effective way of input for the cursor 
motion commands defined by the joystick, I 
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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Subsystem& 
Each board is a standout. 
Together, they're a powerhouse. 


In the beginning there were boards, 
thousands of them. 

That's how 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 mak s other 
S-100 Bus computers work almost as 
well as our Sol. 
Circle 98 on inqu iry card . 

Subsystem B includes a memory 
module, three input/ output modules, 
a general purpose memory, and 
appropriate soft ware. 

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

It 's the fastes t. cleanest way lo 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 
(sti ll SI 99 in ki t) is the industry standard 
display device with over 6,000 in use. 

Our CUTS high speed. low cost 
(5110 in kit) aud io cassette interface is 
the most reliable on the market and is 
supported by our broad line of cassette 

software including Extended BASIC, 
FORTRAN~ PILOT~ FOCAL and 
numerous others. 

And our JP +S input/ output module 
offers a low cost way to handle 
virtually all the 1/0 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. 

ProcessorTechnology 
• Available soon. 



Listing 7: The color sketchpad program, implemented in 5 K Apple BASIC. 
Showing complete Jack 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. 

statement, after which a loop contained in 
line 110 clears the screen to black color with 
40 HUN 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 0 to 39, in itially 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 0 to 100, 
or 155 to 255 in that direction. With the 
hardware I 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 11 '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 ASCII character code 
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The Ultintale Turn-on 


On/off control everywhere­

by computer over the AC wiring 


Now it's simple and economical 
to control AC devices remotely from 
an S-100 or Apple TI computer. 
Mountain Hardware's new Intro]™ 
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 
Intro! system impresses a code­
modulated 50 KHz control signal 
on the house wiring. Then decodes 
the signal a t 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 

from the l 15v 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 AC Remote turns 
the devices on and off independ­
ently. When polled by the compu­
ter. the Dual Channel AC Remote 
sends a signal bac k, telling the 
computer the status of each device. 
Bidirectional communication pro­
vides error free operation. 

Simpleprogranuning. 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 S-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 
II computers, costs $149 in 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/ C lock Board tor 
S-1OO's costs $179 in kit form, $219 
assembled and ested. 

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

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

AC Controller (Apple) 

Dual Channel AC Remcte 
AC Controller (S- 100) 

Circle 75 on inqu iry card. BYTE Mmh 1978 43Ii Mountain Hardware 



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. 

with a high order bit of "1" is detected 
in the range 128 to 255, and the inner 
keyboard scanni ng loop temporarily ends. 
Input of the KEY is acknowledged to the 
keyboard by the magical incantation to the 
hardware of POK E - 16368,0 at line 1015. 
(All this hardware specific inform ation 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 IF statements. If none of 
the valid command s is entered, the GOTO 
1000 at line 1070 conti nues execution of 
the keyboard scanning loop looking for a 
val id 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 "F ILL 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 hi t 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, eras ing 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 drawi ng. The prompt­
ing message from an INPUT statement is 
"WHAT NEW COLOR?". As in most BASIC 
in terpreters, the question mark comes from 
the IN PUT 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 0 to 15 by the assign­
ment statement at line 8510 using the MOD 
fu nc tion . 

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 resu mp ti on 
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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of these great 


professional books 


for s1s9 
only 

Introductory offer to new members of the 

Computer Professionals' Book Club 
Special $1.89 bonus book comes to you with your first club selection 

THIS new profe-ssional club is designed to meet your day-to-day on-the-job needs by 
providing practical books in your field on a regular basis al below publisher prices. If 

you're missing out on important technica l literalure--if today's high cost of reading curbs 
the growth of your library-here's the solution to your problem. 

The Computer Profes.•ionals' Book Club was organized for you, to provide an economical 
reading program that cannot Cail lo be of value. Administered by the McGraw-Hill Book 
Company, all books are chosen by qualified editors and consultan ts. Their understanding 
of the standards and values of the literature in your field guaran tees the appropriateness 
of t.he selections. 

How the Club operates: Evei·y month you receive free of cha1·ge The Computer Profes­
sionals' Book Clu/, Bulletin. This announces and describes the Club's featured book of the 
month as well as a lternate selections available at special members' prices. If you want to 
examine lhe Club's feature of the month, you do nothing. If you prefer one of the alternate 
selections--or if you want no book at a ll-you notify the club by rnturning the card en­
closed with each Bulletin . 

As a Club M ember, you agree only to the purchase of four books (including your first 
selection ) over a two-year period . Considering the many books published annually, 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. 

r------ -- MAIL THIS COUPON TODAY --------.
I COMPUTER PROFESSIONALS/Book Club P.O. Box 582 Princeton Road, Hightstown, New Jersey 08520 I 
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event that the first value entered during 
in itialization was inappropriate. 

Summary of the Apple II 

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 I found using 
my particular color television set as the 

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

Apple 11 is a wel l 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 fee ls 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 11 is the only 
practical choice availab le in the "appliance" 
computer class.• 

A Flop in the floppy 
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The drafting bug has bitten BYTE. 
The accompanying flgure detail (taken 
from figure 1 a of David Allen's article , 
"A F loppy Disk Interface," January 
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, IC1 Be, a three 
input AND gate, was incorrectly drawn 
as a NANO gate, and the A 1 and A2 
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Clock Stops 

I 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 I 
implemen ted his program on my AMI 
PROTO 6800 System, only to find it 
not functioning proper ly in updating 
the clock. After cxaming the prog ram 
llsting closer, I found the bug at line 
29 of your listing on page 53. The index 
compare was on ly index by 7 into the 
constant tab le, it should be index by 
8. After I made this cha nge everything 
worked. • 

William W Barncord 
Burroughs Corporation 

2473 S Memphis Way 
Aurora CO 8001 3 

1oystick Gets Stuck 

This letter is in re ference to "An 
Inexpcnsivc 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 MCl 408 L-8, A 1 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 ana log co nverter should be 
reve rse d in order to obtain a proper 
sawtooth output. 

Also, on IC2 , 74193, the count up 
input Is shown gro unded. This must be 
held high to enable the count down 
input. 

I have constructed thi s circuit using a 
different register chip (8212) and the 
above cha nges , and it works very 
nicely. • 

William Lemiszki 
424 Cambridge St 

Allston MA 02134 

inputs of IC22 should be shown con­
nected together. Our thanks Lo 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-7.) 

and the fifth equation with: 

Where x=(a+b)c. 

Regarding the September 1 9 77 arti· 
cle "Walsh Functions: A Digital Fourier 
Series": in the third paragraph on page 
196, one reads "Sin(ll.25°)=0.09802." 
The proper value is 0.19509. The value 
given is that appropriate for 1 1.25/2°. 
The sums shou ld be, I think, 5.13842, 
-2.13578, - 0.40974 and - 1.03218 
in tab le 4 . The coefficients wou ld then 
be 1, - 0.4156, -0.0797 and - 0.2009. 
Also the signs for SA L(7) at the bottom 
of the table should be PNPNNPNP. 
What was printed Is CAL(7) . 

If I have not made a mistake, the 
resistors in tab le 5 would be unchanged, 
but shouldn't there be some differences 
in the circu it diagram? 

J S Lefson 
6609 Cote St Luc Rd, Apt 203 

Montreal, Quebec 
CANADA H4V 169 

Dr 1acoby replies : 

Mr lefson Is correct that SAL(7) 
in table 4 is misprinted. This con be 
easily seen by comparison to table 3 or 
by knowing that the SA l functions 
themselves ore odd about their centers 
and even about their 1 /4 and 3/4 period 
points, and thus should give Identical 
values to the left and right of center in 
table 4. 

In addition, the values for Sin 78. 75° 
and Sin 101 .25° ore incorrect and should 
read 0.98078. I believe that the values 
for the sums are correct as given as well 
as the circuit connections fcompare to 
figure 3 for SAL{7) / . One point of con­
fusion here mlgh t be the signs of the 
coefficients, since they toke into account 
the inverting op amp configuration and 
thus appear reversed.• 
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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: 

• 	Versatlle - 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 FFf's, 
Inverse-transforms, Windowing, Sliding Windows, simul­
taneous FFf'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 Basie'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 II 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 SK Basie'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 SK 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) 

Vol. I - $24.95 
Bookkeeping 
Games 
Pictures 

Vol. II - $24 .95 
Math I Engineering 
Plotting I Statistics 
Basic Statement 

Def. 

Vol. Ill - $39.95 
Advanced Business 
Billing , Inventory 
Investments 
Payroll 

Vol. IV - $9.95 
General Purpose 

Vol. V - $9.95 
Experimenter's 
Program 

~ 

~ 


• 

llANKAMElllCAJIC 

~~~ ~n~1!~~.1 fey ~s~a~n~~~394~ 
Phone orders call 800-327-6543 
lnformation-(305) 361-1153 
Add $1 .50 per volume handling, all domestic shipments sent U.P.S. except 
APO and P.O. Box which go parcel post. Foreign ordera add $8.00/volume 
for ai r shipment end make payable In U.S. dollars only. 

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

Our Software is copyrighted and may not be reproduced or sold. 
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2L,4C;2N,4C -------~ 

Continued from page 12 

This says play "a half note 
(legato) which is the C in 

*BAR octave 4," followed by "a
*TIME 4 ,4 half note (normal) which is *STOPS VIOLA-8 ,VIOLA-4;FLUTE-8 

the C in octave 4 ."*TEMPO 4,100 

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

Listing 7: 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 I : VIOLA 8',<1' 
VOICE 2 : FLUTE 8 ' 
(M. M. el • 100 I 

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

The Music Editor 

An edito r 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
ica lly create and modi fy 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 permi~s 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 disp lay and edit data state­
ments. When entering th is level , the editor 
draws the staves. If an existing data state­
men t is to be altered, the notes of this data 
statement are drawn; otherwise the staves 

wil l 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 th e 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· 
mach ine 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 latch ing 
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 th at state until they 
are reset by another set port instruction. 

Repeat instructions (op code value of 254) 
are trapped by the m aster system. The master 
processor handles repeats by retransmitting 
parts of the object program to the slave 
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Finally, the macro maker ofcomputer 
printers has gone micro. With a high-speed, 
desk-top, non-impact printer complete with 
parallel interface (Model P-1) that's perfect for 
the home, hobby and small business user. A 
complete 80-column printer for less than $600. 

The new Centronics microprinter is 
big on performance. It prints clean, clear dot 
matrix characters at a rate of 150 lines per 
minute. Yet it's quiet, compact, comes fully 
warranted and is backed by Centronics' 
worldwide service. It's even available in a 
serial interface version (Model S-1) for 
remote applications. 

Of course, buying your small systems 
printer from the industry's leading producer 
of printers is simply a better buy. You get the 
security, support and systems flexibility only 
Centronics can bring. Plus the targeted tech­
nology that brings out the best in any computer. 

So when you think small printers, think 
big. Think Centronics. For more information, 
just clip and mail the coupon below. 

r-----------------, 
Centronics Dara Computer Corp. 

Hudson, NH 03051 


Gentlemen: Tell me more about your new 

microprin cers. 


Address______________ 

Town______________~ 

Scace_______ Zip_______ 

L _______________ B-3-78~ 

C:EnTRDnlC:S®PRlnTERS 

Simply Better 


Ci rcle 17 on inquiry card. ijYTE March 1978 49 



This means turn on the bit pattern for 4 
in Port 12 : 

PORT 12 I00000100 I 
~ 

.12 
14 
27 
28 
255 48 Wait for 480 ms 
27 Clear the chord in Voice 228 ~ } 
255 12 Pause 120 ms (space between chords) 

( 27 144) 

This bit goes~ '-This bit goes 
to 3G in the to 3E in the 

The E-G chord in Voice 2 on 8 ft flute 
255 48 
27 0 
255 12 This says turn on the bit pattern for 
27 36 etc. 144=128+16 in Port 27: 
255 96 
12 0 PORT 27 I10010000 I 
14 0 
27 0 
255 24 

Listing 2b: Here the com­
piler combines the voices 
in fisting 2a to produce 
the final object code. 
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This bit goes to 4C in the viola rank) 

C from Voice 1 on 4 ft viola 

The F-A chord in Voice 2 on 8 ft flute 

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 turneq 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. Th is 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 I ntellec, 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 

Listing 2a: An example 
of how the program in 
listing 7 is compiled in 
MUSIC. The first step 
is error checking, fol­
lowed by the pro­
duction of interme­
diate code for each 
voice. 

Voice 1 

48 
- 3000 

48 
-2400 
- 600 

Voice 2 

45 
41 

-1200 
-300 

43 
40 

-1200 
-300 

41 
38 

-2400 
- 600 

The note 4C is 48 half tones up from Co 
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 



Go tell it to 

yourcomputer for $189. 


You can have 

lowcost


•voice entry 
to your 
computer w ith 
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 20 does a real 
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 
?peech recognition program 
m source and paper tape , hard­
~are and self-test program 
m 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 lOOH. A high core 
version is available. SpeechBasic 
BASIC interpreter loads at 
0 and requires SK. A diagnostic 
program is included. 

Documentation includes 
a 275 page lab manual with 35 

experiments and a 100 page 
hardware manual. All manuals 
~re 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 I 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 208 (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 N C -1 noise 
cancelling microphone $ 85 

More informat ion. 
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 A~tonio 
Road, Los Altos, CA 94022. 
Phone (415) 948-2542. 

Heuristi~s 

INC. 
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header message to the slave. The master 
then waits fora 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 receivi ng 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 ob ject 
code, the slave se nds out a BR message. 
The next page sent is placed in the space 
released by the previous page that was 
executed . Th e 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 al l furth er 
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 In tel 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 fo r 
the Altair 8800b computer. 

The Compiler 

The compiler accepts a MUSIC langu age 
program and outputs an annotated Iis ting 
file. If no errors are detected, an object 
program is then ge nerated and saved on a 
diskette as a file. Thus the compi ler'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 
chec ki ng. A syntax verifier examines each 
statement to insure that it conforms to the 
rules of the language. For context commands 
it checks for correct 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 stateme nts is checked. Th e 
number of data statements in a measure 
must equal the number of voices currently 

active as declared by the last STOPS com­
mand encou ntered in the program . The 
duration of eac h data statement must equal 
the measure duration as declared in the 
currently active time signature. Th is check ing 
is a real help to the composer since it handles 
al I the petty details. 

The code generation phase of the compiler 
is divided into four operations: gener·ating 
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 T Al L 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 globa l 
arrays and variab les that determine the note 
address an d note timing calculations. A note 
address is a number that relates a note to a 
pipe, while a timing determi nes how many 
mil liseconds 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 storin g information about the 
events of the current measure . As each 
event in a vo ice's data statement is proc­
essed, its FIFO queue is fi lled 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 eve nt 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 sto red as 
negative numbers in order to disti ngu ish 
them from note values. Figure 6 shows 
the general format of a queue for one voice. 
It represents a seq uence of four chords with 
a rest between the last two. 

In th is example there is no pause duration 
between events 2 and 3, ind icating that event 
2 is played legato with event 3. Event 4 has 
no note values, therefore it is a rest. GI issandos 
and tremolos are treated like event macros. 
They are tra nslated into a series of eve nts 
by th e data statement parser before they are 
processed onto the queue. 

After each voke in a measure has been 
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parsed, the voice coordination routine gene­
r·ates the object code using the following 
algorithm: 

1. The duration counter for each active 
voice is set to 0. 
2. The duration cou nter 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 
queue 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 wh ere one bi t 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. Eac h note address 
generated causes a particu lar 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 
wi th 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 exa~ined 
and the minimum duration is found. Th is 
min imum duration is subtracted from each 
voice's duration counter. 

8. The minimum duration is mu ltip lied 
by the tempo variable to yield the actu al 
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 durat ion remaining in 
the tem po changing passage is decremented . 
The final actual timi ng is used to produce a 
WAIT object code instruction . 

9. The current master bit map is la be led 
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 prncessed. 

. The qu eues should empty simultaneously 
since each voice's data statement shou ld 
have a duration eq ual to the one set by the 

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

The above algo rithm was designed to com­
pile multivoice music effic iently. 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 perm its 
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. Listi ngs 2a 
and 2b show how the above algorithm works 
for the simple two voice example given in 
figures. 

Future Pia ns 

Wh ile the system described here is no t 
meant to compete with large dedicated music 
research systems, it nevertheless has several 
advantages over a number of other computer 
contro ll ed music systems. Currently , we 
have two ranks of pipes with 64 pipes in 
each rank . However, additional ran ks 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 cou ld conceivably control 
hundreds of thousands of pipes. 

The system can be extended to other 
mus ical instruments. By using solenoids, 
any keyboard instrument can be controlled 
through the output ports. Alternatively , 
the solenoids might be placed inside the 
in strument, driving something like the jacks 
in a harpsichord directly . To play the harpsi­
chord alo ng 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 (S-100) bus m icrocompu­
ters have recently been announced. It seems 
reasonable to expect that the MUSIC lang­
L1age cou ld be appl ied 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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chord note 
note event 1 
duration 
pause 

)"°'" } 


chord notel"'" l event 2 note 
duration 

chord note event 3 l""' l
duration 
pause 

rest {duration f event 4 

chord note 
note 
duration 
pause 

l"'" } event 5 

Figure 6: The general format of a queue for 
one voice used in the MUSIC language. 

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 
compile and save object programs. An assem­
bly language version of the compiler is being 
written that will interpret MUSIC language 
programs in real time . This will be done by 
sending the bit pattern computed in step 6 
of the measure coordinating routine to the 
designated output port and use the time 
value generated in step 8 to set an interval 
timer. This new software system will allow 
a user to interact with a performance. We 
also hope to build a subsystem to capture 
keyboard performance and translate it into 
a MUSIC language program. 

Aside from musical application, the pro­
grams written for this system can be used 
as a realistic basis for explaining many 
important concepts of computer science 
in a context that removes much of the 
mystery surrounding computing. In many 
ways, th is 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.• 

A Glossary of Some Musical Terms 

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

Bar: Vertical line on the musical statt separating 
the measures of music. Sometimes used as a 
synonym for a measure. 

Glissando : A rap id sliding up or down the musical 
scale. 

Key Signature : The sharps or flats placed after a 
musical clef to indicate the key . 

Legato: A direction telling the musician to play 
in a smooth and connected manner. 

Ritard : A direction telling the musician to make 
the music gradually slower (decrease tempo). 

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. 

54 BYTE Moreh 1978 Circle 85 on inqu iry card. 



with the Real-World Interface from The Digital Group 
A computer should have a purpose. Or as many • Includes ca ble and paddlecard for connection to dual 
purposes as you can imagine. Because a computer 22 on Digital Group CPU back panel. Two 22-pin 
belongs in the real world . edge connectors included 

• Requires two output ports and one input port
And now, the Digital Group introduces the Real ­

World Interface. A system component that 's actually a AC Controller 

system in itself, and specifically designed to help you • Eight output devices (2N6342A-2N6343A, - 12 amp 

get your computer to control all those tasks you Triacs); Each output 240V AC ma x, 12A max RMS 

know a computer can control so well. • Control AC motors, lamps, switches, etc. 


• Opto-isolated (MCS-2400 or equiva lent)
Automate your sprinkler system. Heat and cool your 

home . Guard against burglars . Shut off lights .. . It 's DC Controller 

all a part of the Real World, easily controlled with the • Eight output devices (2N6055) each output up to 

Digital Group Real-World Interface . 50V and up to SA 


• Control DC motors, switches, solenoids, etc. 

Our Real -World Interface is initially made up of three • May use internal +12V DC for load or external DC 

basic components - motherboard and power supply, up to 50V DC 

parallel CPU interface and cabinet - plus three types 


Priceof plug-ins: AC controller, DC controller and 
• For the motherboard and power supply, parallel prototyping card . The recommended software 

CPU interface and cabinet, our kit price is onlypackages are Convers, Assembler or Maxi-Basic, in 
$199 .50, or $260 assembled . Now lhnl 's down tothat order. 
earth. 


Some of the features include: 

We've only just begun our Real-World Interface 

System. There are many more plug-ins and 


Motherboard & Power Supply 
 applications coming along soon. So write or call The 
• 12 slots - 11 control cards, one for the interface Digital Group now for complete details . 


card 

• +5V DC±5%@ lA, +lZV DC .±5%@ lA, - 12V DC And welcome to our world . 


.±5%@ 1A contained on board 

• May be free-standing (with ca re) 

Parallel CPU Interface 
•All buffering for Data Out (25 TTL load s). Address 

(25 TTL loads) and Data In (10 TTL loads) P.O. BOX 6528 DENVER, CO 80206 (303) 777-7133 
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Jef Raskin 
PCB 511 
Brisbane CA 94004 

Photo 7: Pipe organ con­
sole shown in the home of 
the author's colleague, j im 
Brennan, who did the cus­
tom installation work. The 
console was obtained from 
a church in Pasadena CA. 

One night I got a call from a man who 
had been wandering through the personal 
computer stores in the area. He was looking 
for a compu ter to operate his huge pipe 
organ . Inevitably, he was given my phone 
number, since I had been going around to 
the same stores telling everyone that I 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 deep ly, the "organiza­
tion" of the king of instruments shou ld 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 cab les. 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 th e organ con­
sists of many pipes. Each pipe sounds one 

The 


Microcomputer 

and the 

Pipe Organ 

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 diapason (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 portati11e 
organs had one rank.) A small organ usually 
has three or four ran ks, 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 ran ks. 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. 
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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 fu lly 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 in to programming, de­
signing with microprocessors and semiconductor memories. 
Then , in step 3, you'll actual ly perform 19 " hands on" experiments 
with the optiona l trainer designed to reinforce the theory you 've 
mastered to that point! 

The ET-3400 Trainer kit, designed to accompany your course, 
fea tures the popu lar 6800 microprocessor. It is actually a miniature 
digital computer in itself, complete with a: 1 K 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
p lied in the course); breadboarding socket; 8 buffered LED 's for 
display of logic states; 8 SPST switches for binary inpu t plus an 
on-board power supply with + 5, + 12 and -12 volt outputs. 

The Course comes complete with 62 elect ronic components, in­
cluding a 6280 PIA, two 211 2 RAM's, a 1406 digital-to-analog 
converter, 741 and 301 op amps and more. Inc ludes aud io visual 
aids such as an audio cassette, co lorfu l flip charts and pro­
grammed learning text materia l in two de luxe permanent binders . 

Comp lete the optional exam and receive a Cert i ficate of 
Achievement and 8.0 Continuing Education Units (CEU's) - a na­
tionally accepted means of recognizing participat ion in non-cred it 
adult education. (Note : Microprocessor Course requires comple­
tion of Digital Techniques Course or equ ivalent knowledge.) 

~~~~~ ;~;-i~~i~er kit) . . ...... . . . . . . . . . .. . $26995 
(Add $3.06 sh ipping and handling) 

Included with your Course at no 

extra coal - Ihle pencll-atyle aold· 

erlng Iron thel'• perfect tor printed 

circuit work- a $7.95 comparable 

value - youn1 FREEi 


MONEY- BACK GUARANTEE! 
If you are not 100% satisfied with your Heathk it 
Course, we wi ll refund the full purchase price of 
the course text material , less trainer. 

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, sequentia l and combinational logic cir­
cuits, digital design and an Introduction lo computers and morel The 
course Incl udes programmed Instruction text, audio-visual aids, parls 
fo r experiments and more. 

Dig ital 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 log ic circuits, 3-frequency pulse clock 
generators, 4 LED's for visual indication of logic states plus 3 regu lated 
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) . ... .. ... . . . .. . $J1995 
(Add $3 .64 shipping and handling) 

SAVE TIME--ORDER BY PHONE Call (6161982-3411 
~l-t;um·r@!§i---HE-A-TH----r-----------------------·

~:~:~"c~:~~~~M~~~i~;;~·igf2
, IOR. MAIL COUPON TODAY! 

Gentlemen : Please send me the item(s) checked below andI Inclu de my FREE Soldering Iron.I D Microprocessor Course and Trainer (ETS-3400) $269.95 
( + $3.06 shipping & hand ling) 
I D Microprocessor Course only (EE-3401) ......... $89.95 

( + $2.23 shipping & handling)
I D Microprocessor Trainer kit only (ET-3400) . . . . . . $189.95 

( + $1.69 shipping & handling) 


I 
I O Digital Techniques Cou rse and Trainer kit 

(EES-3201) .... ... . . ...... . . . . .. . . . . .. ..... $119.95 
( + $3.64 shipping & handling) 

Prices subject to change without not ice 

I enc lose D check D money order for$ ; OR, I 
(Michigan residents, add 4% sales tax) 

CHARGE to my D VISA/BankAmericard D Master Charge I 
Account # Exp. Date, _ ___ 
Master Charge Code # I 
Signatu re I 

Necessary to send merchandise 

NAM Please print I 
ADDRESS I 
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, Ho/tz­
regal, center, and Zimbel 
bass on the right. Each 
rank has its own particular 
tonal color. 

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 th e 
correct pipes (sometimes dozens simu l­
taneously) within 1/20 of a second. ls this 
within the capabi lities of an 8080? As it 
happens, it is. But not without a bit of 
tricky 10 design and some swift algorithms. 

For completeness, it should be mentioned 
that some ranks are not exactly 61 notes. 
"U ni fied" ranks often have 75 pipes, and 
some special ran ks 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 ch est has 
a valve. Then all notes of the same name 
(such as all Cs or all F#s) have one valve. 
This loses some genera li ty, but requires 
fewer valves and electrical connectio ns. For 
M ranks of N notes each, a "straight" chest 
requires M+N valves. A "unit" chest has 
MxN valves. 

Organs also t raditionally have couplers, 
which operate either within a keyboard or 
between keyboards. An in termanual 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 in to 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 pi'pes 
on ly 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 all 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 inc redible collection of 
electrical, mechanical and pneumatic 
switches im agi nable. 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 wiri ng from th e 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 less than the cost 
of the cabling alone. 

When an organist plays a piece, it has a 
characteristic sound quality produ ced by a 
judiciously selected set of stops being acti­
vated. A particular collection of stops is 
called a registration. It 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 col lections of stops are cal led 
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 control, was to have 
each key send out a unique code. Each pipe 
recognizes its own address. Th e 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. 
Th is would mean assemb ling 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. ln essence, three com­
puters wou Id 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 smal ler 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 control ling eight pipes in parallel. The 8 
bit control byte 10001001 would mean that 
the notes C, E and Gare 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 I 0 
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 feasib le, 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 registe rs, the 140 rank organ's 
2000 electrically operated valves require 
about 250 shift registers. (The 7000 pipes 
require on ly 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 1 s and 
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The Dumb Terminal 

lets you put it all together. 

With the new: lower-priced Dumb Terminal™ Kit, that is. 
Pick one up and escape, once and !or all, the headaches 
o! scavenged teletypes and jury-rigged TV sets. With just 
a little time and aptitude, you can have a live and working 
Dumb Terminal right in your own home, garage, or 
business One that lets you get it all ou t of your system 
- or into it. 

Forget the cheap imitations, with their overblown 
price tags and interminable lists of options. With 
the Kit, you can build yourself the same, old 
basic Dumb Terminal that's been selling over 
1500 units a month . With basic, sensible 
features hke a bright 12" diagonal screen . 
Fifty-nine data entry keys. 1920 characters 
displayed in 24 rows of 80 letters. Plus 33 
positive action switches that let you activa te 
functions like 1 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 initiative, and a few basic 
tools - a good soldering iron, 
wire cutters, needle-nose pliers, 
and one or two trusty screw­
drivers. The Dumb Terminal 
Kit provides you with every ­
thing else. Including an 
attractive cabinet, CRT 
screen, keyboard, PC 
board, and all essential 

~~·~~~· 

"Dumb Terminal" is a trademark of Lear Siegler. Inc .. 
E. l. D./Data Products. 7 J4 N. B.rookhurst St.; Aaahein1, CA 
92803, (800) 854-3805. In California (714) 774-lOiO. 
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electronic components. Naturally, you also get illustrated. 
step-by-step assembly instructions, not to mention an 
easy- to -understand operator's manual. 

So. if you'd like more input on the Dumb Terminal 
Kit, just fill out the coupon and we'll send you complete, 
free information. 

Oh, and by the way, just by sending in the coupon, 

you will be made a charter member of the Dumb 


Terminal Fan Club. A select organization that will 

send you your own nifty Dumb Terminal Fan 


Club Kit, containing: an official certificate 

of membership; an autographed photo of the 
Dumb Terminal himself; and a bona fide 
membership card to prove irrefutably you're 
"One of Us'.' (Sorry, limit one kit per person.) 

And, if you include a trifling $6.00, you 
can have your very own Dumb Terminal 

T-shirt. (No limit at all on these.) 
Simply mail the coupon and get the whole 

assortment. And find out why members of the 
Dumb Terminal Fan Club are some of 

the smartest people around. 

@2 
Dumb Termlnal. 
Fun Club. 

.___ Zip______ 

Enclose.cl is_$ for an official Dumb Terminal T-shirt(s). 

P)e~s,e mak'e all checlis.and money orders payable to Le Ance & Reiser, OK? 
Qu~ntity an·chize'(syof shirf(s) required: __s __M__L __XL 

Rushihis .a~plieatfoifr tof Bumb:i'ennin'a1 Fan Club Headquarters 
c/o LeAnce.& Reiser. P.O. Box 17123, Irvine, CA 92714. 

http:Enclose.cl


Os flow in single fi le. When all the 1 s and Os 
(standing for pipes sounding or silent) reach 
their correct positions, a command (strobe) 
is sent operating all the pipes at once. If the 
process is to take 1I60 of a second, the shift 
register has to move 2000 bi ts in that time . 
But this is a rate of 120,000 bits per second 
(120 kHz) which is within the capabi lities 
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. 

controls could be transmitted serially to the 
comp uter 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 
para! lei converter for outpu t, one input port 
and one output port are required. Each pipe 
also needs a power transistor to handle the 
0.5 A at 14 V 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 in to 
the pipe. A pair of resistor-capacitor (RC) 
networks and a diode in the base circuit of 
the power amp lifier 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. It 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 quick ly enough. (When 
th is 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 settin gs. 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. Th us 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 
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Computer Mainframe System 

First in the TEI family . . . The MCS-112and122 Mainframe Systems. 

•The Base on Which to Build• 

The cabinet 
A heavy dutY, precision formed cabinet of fine The motherboard 
c raftsmanship. Completely machined and An S-100 Bus system high quality mother board with 100-pin edge connectors. Compatible with IMSAI, MITS, 
ready for assembly. The exterior is fin- CROMEMCO, TDl and other S-100 ~configured circuit boards. Plug connections for reset switch. Voltage terminals 
ished in TEI blue. Vented for most are screw type to power supply leads. All card guides are provided. 12 slo<s for MCS-112 model and 22 slots lor 
efficient therm al character­ MCS-122 model. 
istics. furnished w ith all 
necessary hardware. Edge connectors 

High quality edge connector.; factory mounted and wave soldered to eliminate this nuisance for 
you. Completely checked out for shorts or open traces. All edge connector.; furnished, 12 for 

the MCS-112 and 22 ror the MCS-122. No additionalexpense-Mlen you expand your 
system. 

The power supply 
One of a kind ... using a constant voltage transformer ( CVT) with a very 

high immunity to input line noise ... greater than 100 db rejection. 
l ine regulation better than :!: 1% from an input of 95 to 140 Volt 

AC at full load to 85 to 140 Voll AC at three quarter load. 
Designed to meet UL-478 specifications (EDP SPECS). 

Individual fusing on al l input and output voltage 
lines. See specifications below for power 

ratings. 

The cooling system 
A 115 CfM 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 ••,. ...., / 
The front panel Is blank 
except for an indicating AC NOW • • • m puts It 111 
switch and a reset switch. together for you. Mainframe 
However, the chassis "'1d mother systems ( 12 and 22-slot) . . . 
board are designed so that you may Floppy and mini-floppy disc drive remove the front panel and insert an IMSAI 
or equivalent . front panel. systems (single, double and triple ) 16K 

RAM ... a 8080A CPU with addressable 
"Jump to'" and autostart capability . .. 16 

Channel A/D and D/A converter . . . 3 serial + 3 
parallel multiple 1/0 . .. and other supporting boards 

Specifications MCS-112 MCS -122 .. . and our newest item, the PROCESSOR TERMINAL - A 
CRT, keyboard, mini-floppy disc and 12-slot mainframe w ith a Dimensions 17V• w x 12 D x 1v. H 17Y•w x 19'/J D x 7 v. H 

Powet +8 volt DC 17 amps 30 amps 8080A CPU - all housed in one quality aluminum case. Al l of 
Powet :!: 6 volt DC 2 amps 4 amps these fine products at prices you will like. Watch for them 111. 

MCS 

SPECIAL SYSTEMS GROUP MICROCOMPUTER SYSTEM 

Contact your local TEI Dea ler or if you are not near one of our dealers, write o r call CMC Marketing Corp direct f0r 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 obv ious 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 OMA 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 10 solved, there still remains 
the problem of deciding which pipes are to 
go on and which to go off. At first th is 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, th rough 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, wi II 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 10 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. Th is allows all the ran ks 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 buya digital 

multimeter from the 


leader in digital multimeters. 

Ifyou're shopping for yow· 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 DMMs at any price. And 
it's only $169:1' 

Second, quality pays. Fluke is recog­
nized as the leading maker of multi­
meters (among other things) with a 
30-year heritage of quaIi ty, 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. 

Ifyou're just beginning, 
go digital. 

Why not analog? Because the 8020A 
has 0.25% de 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 versati lity and ac­
curacy. The 8020A has it; analog meters 
don't. 

Ifyou'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? 

Conductance To Resistance Conversion 
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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 802.0A DMM for 
Home Electronics Experts: $169 

IFLUKEI 
1808-7101 ====® 
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Photo 5: A rank of chimes 
pipes. Except to satisfy traditional organ ists, 

there is no reason to have intermanual 
couplers on a computer controlled pipe 
organ . The original reason for including 
interman ual couplers was to minimize the 
limitations imposed by the separation of 
the pipes into divisions. The computer, by 
being able to ass ign 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 
recalcul ate 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 automatical ly taken care of. In 
the slight time between updates, an organ 

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 all 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 shou Id be playing, given the state 
of the console. The third portion of the 
cycle sends the pipe commands alo ng 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. It 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 
numb ered one through ten . They are read 
into memory locations (all numbers will be 
in base 10 for th is 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 
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Meet the TSC 

Text Handlers! 


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· 
eludes 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 
SL80·1 0 Manual and Source Listing $ 28.50 

With Paper Tape 37.50 

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 

BOX 2574 W. LAFAYETTE !"DIANA 
[Jl?J 423 ·5465 

47906 

INC. 

8080 SYSTEMS 
NOW AVAILABLE!SPECIALtSTS IN SOFTWARe & HARDWARE FOR INDUSTRY & THE HOBBYIST 
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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 opt ion. 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 addi tion 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. 

lntermanual 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 anyth ing is allowed, we may get the 
fol lowing 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 Con 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. 
Everyth ing they can do, and more, can be 
done by freely assigning ranks to keyboards 
as desired . I am not sure that all or·gan ists 
will be convinced by this. 

Future Fugues 

The organ console of the future , as it 
appears in the light of the compu ter 
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 perm it 
an organist to travel from one instrument 
to another with a 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 th e pipe 
organ unchanged, in case any organists 
choose not to use advantages 4 and 5.• 
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• • 

LOADED WITH EXTRAS 

AT NO EXTRA COST 


• Microprocessor controller 
• Serial RS232C interface 
• Parallel TTL level interface 
• 	Full upper and lower case 

ASC 11 character set (96 
characters) 

• 	Full 81/2inch 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 
• 	Bui It-in self test mode 
• Instantaneous print rate to 

100 characters per second 
• Sustained throughput to 50 

characters per second 
• Multiple copies without 

adjustment 
• Reinking ribbon mechanism 
• Expected ribb9ritlife of 1 o 
· million characters 

• Front panel operator controls 
• Attractive table'. top console 

Check the 

1mpress1ve 

features on 

Integral's 


new IP-125 

Impact Printer 


only$799 
Complete, ready-to-operate . .. 

the first impact printer to offer 
big printer performance at a 

mini-printer cost. 
Write for complete information 

or call (617) 926-1011 

@) 

Integral 


·oata Syste~! 

5 BRIDGE STREET 

WATERTOW[lJ. MAS,S. 02f'l2 

... AND FOR VERY LITTLE MORE 

• Line lengths to 132 columns 
• 	 Instantaneous print rate to 

165 characters per second 
• Sustained throughput to 80 

characters per second 
• 	Print densities of 8.3, 10, 12 

and 16.5 characters per inch 
• Options program selectable 

by control codes 
• 	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 
• Automatic line feed on 

carriage return 

IP-225 
"The Tractor Impact'' 

"on1v$949 

the pin ·ieee .versiory;~f the tP-125 with 
tractor;:dril.le,forms control J!llUs {!-II the 

standard features of the IP· 125. 

... - .' 
'. 

·-~.... .~.:.' ·~·; ·~--~ :~: :::::. :: .~~-·~f.'.'.:~:..·.:·~ · ·:~ '. ·: ,.: :r; 
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• •wire wrapping 
center 

for quality electronic parts and tools. 

WIRE-WRAPPING KITS 

Contains: Hobby Wrap Tool WSU-30, 

(50ft.) Roll of w i re 

Prestripped wire l " to 4" 

lengths (50 wires per package ) 

str ipped l " both ends. 


Wire W1app1n~ Kil cBluel WK -2- 8 Sl2 95 
Wife W1ap1>mR 'Ki t IYeMow1 WK 2-Y Sl2.95 
Wire Wrapp1o p, K1t I WMe) WK2·W Sl2 95 

Wu e Wr appma, Kn (R~) WK ­ 2-R Sl2.95 

WIRE-WRAPPING KIT 

Contains: Hobby Wrap Tool WSU-30, 
Roll of wire R-308 -0050, (2) 14 
DIP's, ( 2) 16 DI P' s and Hobby Board 
H-PCB-1. 

STRIP WRAP UNWRAP Q::,ERCUV.R 

~· 
M~?DI FIEO 
~·· 

Wire-wrapping, stripping, unwrapping tool for 
AWG 30 on .025 (0,63mm) Square Post . 

Regular Wrap WSU-30 $6.95 
Modified Wra WSU-30M $7.9 5 

..... 

HOBBY WRAP 


TOOL 


WIRE-WRAPPING TOOL 

For .025" (0,63mm) sq. post 
" MODIFIED" wrap, positive 
indexing, anti-overwrapping 
device. 

For AWG 30 BW-630 $34.95' 

For AWG 26-28 BW-2628 $39.95' 

Bit for AWG 30 BT-30 $3.95 

Bit for AWG 26-28 BT-2628 $7.95 

.. USE " C'' SI ZE N I-CAD BATTERI ES 

(NOT INCLUDED) 

@ ) 
' -

ROLLS OF WIRE 
Wire for wire-wrapping AWG -30 
(0.25mm) KYNAR. wire, 50 ft . roll , 
si lver plated , solid conductor, 
easy stripping 
10 AWt; Blue Wu e 5011 Roll R 3080050 $ 1 . ~ 
30-AWG Yellow W<1 0 5011 Roll R JOY­ 0050 SJ 98 
10-AWG Wh<IO \'1<1 e. 501 1 Rol l R "JO W 0050 ll.98 
30 AWG Red W11 e SOit !loll R JOR 0050 $198 

WIRE DISPENSER 
• 	 With 50 ft. Roll of AWG 30 


KYNAR' wire-wrapping wire . 

• 	 Cuts the wire to length. 
• 	 Strips 1 - of insulat ion . 

• 	 Refillable (For refills, see above) 
Blue Wi re WD-30-B $3.95 
Ye llow Wu e WD-30-Y $3.95 
Wh1teW• re WD-30-W $3.95 
Red Wire WD-30 R $3.95 

Wire-Wrapping Kit lwK­ 39 (B lue>I$16.95 I 

WIRE-WRAPPING KIT 

Contains: Hobby Wrap Tool WSU -30 M , 
Wire Dispenser WD-30-8, (2) 14 DI P's, 
(2) 16 DIP's, Hobby Board H-PCB-1, 
DIP/IC Insertion Tool INS-1416 and 
DIP/IC Extractor Tool EX-1 

Wire-WrappinR Kit lwK­ 49 (B luel! $25.991 

PRE CUT 

PRE STRIPPED WIRE 

Wire for wi re· 
wrapping,AWG -30 
(0.2S mm) KYNAR' 
wire, 50 wire s per 
package str ipped 
I "' both ends. 

~· 

l(H\WG bfue W111r.. l · L JOH~OUl 
30 AW(i Yellow Wue. l " l 30 Y 50 OIO 
10 AWC W 1eW1re. I ' °" 30 W 50010 
30 AWC Rt!'d Wut: I ~ Lon1t JOR >OOIO 
JO AWC Bkie W1Ht r Lon 30 eso­ o2<l 107 
30 AWG Yellow Wirt:. ?" Lon 30¥50020 SI 01 
JO AW(. Wl'l1leo \Vut:. r l0tt 30 WS0020 SI 07 
30 AWG Red Wire 2- Lon lOR50020 S\ 07 
30 AWG Blue- W11 c. 3" lOtl 30850030 Sl .16 
30 AWC Yellow Wue 3" lon 30' 10-030 'l 16 
30 AWG While Wife_ 3- l JO w5'0­030 1. 1 16 
30 AWG RC'd Wue r Lon 30R5-0030 SI 16 
30 AWG Blue W11 t: 11 ­ LOl'IR JOB 50-040 
30 AWC Yell0¥r Witt:. 4'" lcnn 30 y 50 040 
10 AWG Whte W11 e. •f " l on JO W-50 -040 

JOR 5CHl-40 
30 8 >0050 I 30 
30Y!t0050 St:Ml 

W 50050 S I 30 
30 R 50-05-0 SI JO 
308~060 SI 38 
JO Y·S0-060 SI 38 
)O W ~O 060 SI 38 
lO R 50 060 SI 

~ KYNAR pt N~iWAl T 

~ 

OK MACHINE & TOOL CORPORATION 
3455 Conner St Bronx NY 1 0475 1 ( 21 2 199 ~ 660 0 1 Telex 12509 1 
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DIP/IC INSERTION TOOL w1" PIN STRAIGHTENER 

P.C. BOARD 

DIP/IC EXTRACTOR TOOL 

E•tractor To<> I EX· l 1.$1.49 J 

The 4x4.Sx1/16 ineh bcl111 rd Is mecle of alan eoa111d EPOXY Lli!lmln:;ue 
ind futures solder coat ed 1 oz . copper p1ds. The boa rd h:as pro"-'lsi on 
far a 22/44 1wo si ded edg1t connector, with C-onlaitlS on standard . 156 
spacing. Edge co nlacts a re non-dedlea1ed tar muimum Uoxlbilit:t. 

Tho boerd contains a m1 1rl:ir: of .040 In . dl•m11t 11r holl!!s on . 100 Inch 
cenlers. The com ponent slde contains 76 lwo· hola pads th1111 can ;iccom · 
modoite any DIP sbe lrom 6-40 pint, u we ll u discrete components. . 
Typical donsih• Is 18 of U·Pln or J6·Pin OIP's, Components may b111 
soldered d iroctl)' to UHi baa rd or lnhum<tdiale $OCkcls ma)' be u Sed for 
solderlns or wir111·wrappir'llK· 

Two lr'lldep111nd11mt bus s.ystams ue pro,,.lded for \o'OUege and around on 
both sides of the board. In addition. tho c:ompar'llctnl side con111•,..s 14 
Indivi dual busses running Hut f u ll tensth of t he board ror c:omplc-h1 wlr· 
lng flu lblll ty. The.o buHH enabl e access from ed3e con l il c l s lo distalll 
c.omponenH. These busus ca n also H rv o to 1ugmen1 lhe ... o l tage or 
1round bunos. and may be cut 10 leng t h for particul.;u· applications. 

DIP SOCKET 

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

14 Pin Di"o Socket 14 Dip S0.79 

16 Pin Dip Socket 16 Dip $0.89 

RIBBON CABLE ASSEMBLY 
SINGLE ENDED 

With 14 Pin Dip Plug 
SE14-2•24" Long (609mml 

With 16 Pin Dip Plug 
24" Long (609mml SE 16-2< 

$3.55 

$3.75 

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 

QUANT ITY : 2' PLUGS. 2 CO'IJERS 

RIBBON CABLE ASSEMBLY 
DOUBLE ENDED 

With 14 Pin Dip Plug-2" Long DE 14-2 $3.75 
With 14 Pin Dip Plug -4" Long OE 14-4 $3.05 
With 14 Pin Dip Plug - 8" Long DE 14·8 $3.95 
With 16 Pin Dip Plug -2" Long DE 16-2 $4.15 
~!'in Qin Plug -4 " Long DE 16-4 1$4.25 
With 16 Pin Oio Plu2 ­ s· Lo ng DE 16·8 $4.35 

<==£c"'f ..~:::;=..,.. 

TERMINALS 

• .025 (0,63mm) Square Post 
• 3 Level Wire-Wrapping 
• Gold Plated 

Slotted Terminal WWT-1 $2.98 
Single Sided 
Termina l WWT·2 $2.90 

IC Socket Termina l WWT-3 $3.98 

Double Sided 
Term ina l 

WWT·4 $1.98 

25 PER PACKAGE 

TERMINAL INSERTING TOOL 

For inserting WWT-1, WWT-2, WWf-3, 

and WWT-4 Terminals into .040 

(l ,Ol mm) Dia. Holes. 


INS·! I$2.491 

WIRE CUT AND STRIP TOOL 

E..s.y 10 ope111t . • . p lace. wue:s. fup 10 4 ) ln slt•PQlf'ili slot • •lh 
erich e1ttn<1lnl!il beyond cutte1 b1.Jdu ... pres~ tool and Qull 
•• , wire •• cul and s!npped !o prOIMI' •• ..... ire·wrapp1n1·· l en11:1 h. 
Th11 h.ardened ~!!'ti cutlmi blade1 and 'ilurdy cons11uC-l401' oi 
1t-e teal 1n su re long Ir re 

S!r1p hmilh u1d y adp.nlablll! for }'OJ' ilPPl •c:il lron~ . 

ADJ USTABLE 

DES CRIPTION MODEL 
HU MBER 

" SHI H£R "" lEH CTH 
or !TR IPPE D WIRE Price 

INCHU TD IN CHES 

24 ga. Wire Cu t and Strip Tool ST-100-24 I V - ­ l!,, " $ 8.75 
26 aa. Wire Cu t and Strip Tool ST-100·26 !.~ . - -- !"<." $ 0.75 
26 aa. Wire Cu t and St rio Tool ST-100·26·075 1/s" 11/11" IS B.75 
28 ga. Wire Cut and Str ip 1 ool ST-100-20 1/9" -- 11/.a" Sl 1,50 
30 ga. Wire Cut and Str ip Too l ST-100·30 v. - -- 11/s .. $ 11.50 

cm--~:'iSL) 
rf"'i5'it~~\ 

"'rm 

~ 


Hobby Board I H-PCB-1 j$4.99 J 

PC CARD GUIDES 

Card Guides 

QUANTITY - ONE PAIR (2 pcs.) 

PC CARD GUIDES & BRACKETS 

Gu ides & Brackets TRS-2 I$3.79 1 

QUANTI TY -ONE SET (4 pcs.) 

PC EDGE CONNECTOR 

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

P.C., Edge Connector CON· I I$3.49 1 

P.C.B. TERMINAL STRIPS 
Th e TS sulps provide! pos1h'w'tl :;.1; rcw >Jc:\111:llled Cl;"Jn'IP·
'"8 :.e tlrui, accommod1Hl!I wire t.iu-s 14 ·.30 AWG (I, 8 ·0, 
l5mm l. Pins. iJrC so 1d11tr platl!!d c:o~por•• 042 ini;h fl mm l 
diam eter. tm 200 incn C!!Jmm) Cll!nt ti'~ . 

4-Pole TS- 4 $ 1.39 

8-Pole TS- 8 $1.89 

12-Pole TS· l2 $2.59 

~ 

OK MACHINE & TOOL CORPORATION 
3455 Conner Si Bronx NY 1047~•1212) 994 6600•Telex 125091 
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Buy adumb terminal 
the smart way 

Buying a dumb terminal used to get and save 1/3. 
pretty expensive. About $1,000. But 

that was the old, dumb way. Now there 
is a new, smart way to add a dumb 

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! 

Introducing 
The Naked Terminal does all that a dumb 
terminal does. Some things it does better. Dynabyte's 

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 new Naked 
case characters are displayed in a 5 x 7 font. 

Although you spend less money you get more 
features: half duplex, full duplex, and a block mode 

that allows editing before transmission. 
You-know-who doesn't have a block mode. 

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

black-on-white or white-on-black, blinking or 
non-blinking underline cursor, and 

variable baud rates. 

No software support is required. The Naked Terminal 
can be configured by dip switch to drop into an 

existing system, replacing the serial 1/0 card and 
stand-alone terminal without making any 

changes to software. 

The Naked Terminal is a complete 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-1 00 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. DllllllBll,IE 
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· Ancient Egyptians did~'t stop • ~nk Select 
~ . 

~ ~ ... • Conserv~tive thermal design 
·With just j;:me pyramid. The Great • ' Write Protect with alarm for .. Complete S·100compati-
Pyramid stands on the Plain·of .,· ~ch 4k blocl;< ~ility, including the Alpha 
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erected for kings and queens. • No DMA restrictions The.Great 16k Dynamic 
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mance. But if a module ever needsleave anything undone. That way, build memory kits repair, we provide factory service 
Assembling a kit can be fun;

you can buy any Dynabyte 
memory and know that it is backed with 24 hour turnaround for both 

almost anyone can do it.by a factory guarantee for one full warranty and non-warranty work. 
But how about testing it?year. Kits and semi-kits can't Ask for the Great Memories by

Do you have the test programssay that. Dynabyte at your local computerand equipment? Do you know
Our 16k static and our 32k store. You can also pick up com·which memory test program 

plete product infonnation whilestatic are available with either 250 uncovers pattern sensitivity? 

ns. or 450 ns. access time. Our 
 you're there. 

250 ns. module is completely 


Or which finds shorted data 
But if you haven't got a local 

compatible with the 4MHz Z-80A 
bits but won't find address 
decoder faults? computer store, write Dynabyte, 

processors. The 450 ns. modules We do. It's our business. We Inc., 4020 Fabian, Palo Alto, CA 
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Ernest W Kent, Associate Professor 
Dept of Psychol ogy 
The University of Illinois at Chicago Circle 
Chicago IL 60680 

The Brains of Men and Machines 


Part 3: How the Brain Analyzes Input 


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 7978 
BYTE, page 77. 

Perhaps the most remarkab le feat per­
formed by organic brains is the resolution 
of the flood of data flowing from the sen­
sory receptors into conceptually meaningful 
elements. It 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. Th is illumina­
tion results in a barrage of neural impulses 
flow ing th rough mill ions 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 no t necessary that a robot 
have "experience" as we do, but it is neces­
sary for one to resolve the sensor·y 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." "S timulus" 

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 ph ysical 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 stimu lu s is a physical object; a 
sensation is a mental event. 

To clarify the distinction, consider the 
sensation of the color red . We al l 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 o bject can only possess 
or not possess the properties necessary to 
reflect light of a particular wavelength . If an 
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object reflec ted I ight of a wavelength which 
gave rise to the sensat ion "red," and we were 
to somehow change the wave length between 
the object and the eye, the object woul d 
appear to be of some othe r color. Can we 
then say that "redness" is a property of the 
light? No, because the on ly relevant physical 
property of the light is its wave length , and 
wavelength is not a color. Color is a property 
of your sensation. 

Soun ds have wavelengths too, and the re 
the sensa tion is interpreted as pitch. Wave· 
length is only a piece of infor mation which 
the brain can inte rpret as it wi ll. In your 
computer, you could make an analogy with 
ASCI I code. We use particul ar bit patterns to 
represent letters and numbers, but the same 
bit patterns could just as easily represent 
something else. There is nothi ng that 
inherently requires the binary pattern 
01000001 to be interpreted as A. Similarly, 
"redness" as an interpretation of a particular 
wavelength is si mply a convention that the 
brain uses. 

The situation becomes clearer if one goes 
into the bra in a little further. Sensation is 
not a result of activating the reti na or the 
optic nerve. If the optic nerve is cut, light 
falli ng on the retina produces no sensation, 

even though the ret inal 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. lt fol lows that sensation is, or is de­
pendent upon, the firing of neurons in the 
visual cortex . Yet, after strik ing the ret ina, 
light never reaches the visual cortex . All that 
does reach it is a patte rn of neural activ ity 
in the axons of the retinal cel ls. In for mation 
about the wave length of the li ght striki ng 
the retina is carr ied 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 certainl y 
nothi ng tha t seems in tuitively " red" about 
which of a set of axons are carryi ng 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 acti ve 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 even ts 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. Th at 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, ill uminated 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 extrapol ate 
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 il lumination 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. Th e 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 ill umina tion 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 fo llowing 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 
actuall y are applicable to both, since the 
brain handles color by providing some re­
ceptor elements with differential sensitivity 
to different wavelengths. For these elements, 
a change in wavelength effectively is 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 
e lements as encoding the wavelength infor­
mation, and interprets it as color. The color 

76 BYTE Mmh 1978 



Trace Electronics 

32K/16K STATIC 
RAM 
What could you do with this board 
in your system? 

Trace Electronics bring you a highly flexible, lower 
powered. fu lly STAT IC 32k or 16k memory board for your 
S-100 Bus computer (Altai r, lmsai, Sol . Poly, Xitan . eel.). The 
model .1200 has a capac ity of 32768 Bytes with fu ll y buf­
fered address and data l ines. Al l buffered inputs are 
schm idt triggered for excellent noise immunity and require 
only minimal bus loading (one low power load). The buffered 
ou tputs are ra ted for dri ving more than 130 low power loads. 
Since the boa rd is ful ly static, there is no refresh or cl ocking 
required and is th refore compatible wi th DM1\ and other 
devices. 

Low power and high reliability are k y features of the 
des ign. The Tl 4044' (or equ iva lents) provide storage 
capacity at up to 65% I ss power than low power 21 L02 
chips. The power required is 1.7A at BV. for model 1600 and 
3.JA at 8V. for model 3200. A specia l therma l 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 i sepa rately a signable to 
;my 4k slot in the computer's address space. This fea ture 
allows the u r to mak use of the growing amount of soft­
ware that requires this and avoids the problems associated 
with only being ab l to assign the board to a continuous 32 k 
block. In addition, the Megextend 1M fea ture allows up to one 
megabyte to be address d prov iding there is a 4 bit outpu t 
port in the system. Thi allows up lo 32 model 3200 boards 
per system, as long as the power requi rements are met. 

Th model 1600 is the same as th 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
sta lled as a standard f ature of the model 1600. 

Both models are silk-screened and solder masked on FR4 
epoxy board w ith a gold p lated bus connector. They are fully 
so ketecl. 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 wi ll be shipped by the fas test prac tical means 
(e .g. Express Mail. Air M ail. UPS Blue Label. eel.). M odel 
3200 is priced at $999. and M ode l 1600 is $599. Express 
shipping is µre-paid. Ca ll or w rite today. 
Trace Electronics, Inc. 
215-779-3677 
P.O . Box 3247 Hampden Station 
Reading, Pennsylvan ia 19604 

Circle 127 on 1nqu1ry card . 

r·----------------------------------~I would like to order 1he iollow ini;
tJ Mo<le l 3200 J.. k Stell!<. Memor\ Assembled dnd 

tested S99lJ 
L..J M odel 1b00 1Uk of memory on 1hc ~1bove Jlk boJrd 

Assemblnod \\•11h socke [s fm J.?k ond 
IC\tC<.J With 1bk $599 

0 Model 'l bOl ltJk ('), ~Mns 1 on kit Tor above S4 9t.l 

Nam~
Address ________ ____ _ 
City ______ Slate_lip___ 
Phone 

BYTE ~l.mh I 978 77 



boundary problem therefo re reduces to the 
intensity boundary problem. 

Now let us examine the mechanisms of 
boundary detection. The tempo ral bound­
aries, that is, changes in illumination with 
time, are responded to selectively by a 
process that is similar in its results to AC 
coupl in g the receptor elements. In fact, 
AC coupl ing 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 themse lves, and the details 
need not concern us. The interesting thing 
is that the brain uses th is 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 coup ling, 
bu t a sensitivity to spatial boundaries 
requires some additio nal mechanism. 

We are all aware of course that the eye 
moves. We observe it al l the time when our 
gaze turns from one point of fixation to 
another, or when it fol lows 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 ho lding 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 sensit ive elements. 
Those elements that are near a boundary are 
thus swept back and forth conti nu ously 
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 
fur ther 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 intel ligent 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 I hear you say, "Yes, but I can see 
the insides of uniform areas." True, but 
remember I said your sensations were an 
arbitrary decoding of the stimulus informa­
tion, and that the information from areas 
distant from boundaries was redundant and 

cou ld be reconstructed by inference or 
extrapolation. Th e experience of "seeing" 
the inside of the area is simply the 
experience of receiving the appropriate code 
from the right set of bou nd ary 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 coup led 
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 
th is 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 
bra in 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 ~he 
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 
cond itions 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 fundamenta l 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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of data on a single diskette, about 511 i~ 
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 
megab}1e on line and accessable in a second 
or two.That's storage. 

For $599, you get the unique, mo~ern 
MSDD-100 Disc Controller Card, the industry 
standard Shugart SA-400 Floppy D.i~~ Drive, a 
comprehensive manual, system utilities 
softWare and3atches into altair basic,and a 
preassemble cable. We offer fully integrated 
SK and extended basic languages at nominal 
extra cost. That's MSD! 

Circle 77 on inquiry card . 

The MSDV-100 video display system is a 
powerful, S-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 ofvideo 
terminals. You don't have to settle for less 
anymore! 

The MSDV-100 Video Display System is 
designed around a custom A~II charac!er 
set. Vertical lines, horizontal lines, and line 
intersection!: are part of its well thought-out 

repertoire. The upper and lower case 
alphanumeric characters are of the highest 
quality.The MSDV- JOO is a memory mapped, 
two board device that can be fed into a 
standard video monitor. Thoroughly 
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 temtinal with scrolling 
and cursor control. Full compatability with 
MSD basic, of course! 

( =... 

:2115~ So.Color•do Blvd.Suite 110 DitW111r,C080:222 f303)l51-'Nl11 

Sanyo Monitor (VM4209) •. . ....•.. 5150 
Micro-Floppy Oise System . .....•. $499* 

(Assembled) .... . ... . .... .. . . .. $599* 
Video Display System . . ... . ...... $285 

(Assembled) ....... . . .....•.•. . $385 
Additional Drivers . .. •.. . •... .... $350 ea. 
Diskettes . . . ... ......... . ... ... . . $4.25 ea. 
•Power Supply not included. 

Micro-Floppy Disc System .• •..... $599* 
(Assembled) . ..• .... ... . . ... .. . $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 -------- ­
0 Send me more information 
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it is also sufficient for our corre lated 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 
wallpaper covered wall. It 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 with in 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 sma ll 
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 wal lpaper pattern. In an important 
sense he is 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 th is 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 
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experience. These are difficu lt problems, 
and we have no good notion of the real 
number or natu re 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 anima ls, we can fol low 
the process by recording act ivites of neurons 
in the visual system during presentation 
of stimuli to the eye. 

From these latter experiments, we have a 
fair ly clear notion of the operation of the 
lower order extractors, and the process 
seems easi ly extensible to higher order 

features . To serve as a general example of 
the algorithm, I 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 
th e 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, which can be implemented by hav-

Figure 7: A white cow 
with blad? 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 recewmg, 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. 

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(+). 

A B 

B 

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 I 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 

EXCITATORY CENTER, 

LIGHT HERE FACILITATES ---+-- -1-- -f 


RGC FIR ING 


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 

SMALL AREA OF 
VISUAL FIELD 

INHIBITORY SURROUND, 
1---1---- LIGHT HERE SUPPRESSES 

RGC FIRING 
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LIGHT HERE 
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TO THALAMUS 
VIA OPTIC NERVELIGHT 
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INHIBITS RG C 


I 

I 


: RETINAL LIGHT 
I SENSITIVE ELEMENTS 
I 

RETINA 

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 inh ibitory 
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 I ine of I ight 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 

AREA WITHIN WHICH 

LIGHT INHIBITS RG C 


(-) 

AREA WITHIN AREA
LIGHT EXCITES RGC 

(+) 

1---- AREA OF RETINA 
CORRESPONDING 
TO AREA OF 
VISUAL FIELD 
IN FIGURE THREE 

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 

CELL OUTSIDE 
i---RECEPTIVE FIELD 

OF RGC (NO EFFECT) 

,L-1---- BOUNDARY OF 
BAR OF LIGHT 
CROSSING RETINAL 

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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Program Your Next EROM in BASIC 


Steve Ciarcia 
POB 582 
Glastonbury CT 06033 

"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 
I like to be approached. 

"I hope I'm not disturbing you, Steve, 
but I need some help." He extended his 
hand again but knew enough not to stick 
it in my face. "I 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 look dumb to all 
those guys if I 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 

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... I thought you 
bought an EROM programmer? " I asked , 
still trying to ascertain the true depth of 
his difficulty. "You have a listing of the 
EROM contents." 

"1 've been meaning to get a programmer 
one of these days, but it costs a fortune. 
I wouldn't use it enough to justify the ex­
pense. I 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 . I'm sure I 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 I 
could understand what he was going through . 
"Jerry, why don't you write your own 
quick programmer?" I 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. 
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"What do you mean? How to do it? 
You wr·ite 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. Bu t it's al l 
those program loops to keep track of the 
address, data and timing. I really bought 
this comp uter 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 assem bly 
langl}age, but it ca n just as wel l be written 
in BASIC." 

"Huh?" he gru nted, sti ll not quite be­
lieving me. "What do you mean?" 

I felt I had his interest now. I was telling 
him that solving his di lemma 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 an d data 
co the EROM and stepping the address 
sequential ly. Right?" I said. 

"Yes, but BASIC?" he responded. 
"Sure, why not BASIC?" I 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 mon i­
tor program resident in your system that 
could al low you to just key the EROM data 
list into memory somewhere, don't you?" 

"Yes, but .... " 
"No buts! Just write a BAS IC prJgram 

that transfers this memory table one byte at 
a time to the read only memory." I felt I 
was really on the move now; I was going to 
"learn" him something if it killed him. 

"Yes, but my BASIC is an interpreter. 
It runs pretty slowly. It'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 I suppose; why?" 
Jerry was not so curious that he had for­
gotten his problem, but his responses had 
become less acidic. 

• C2708 

Pl219 

"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, I was driving to a point. 

" I leave the computer on, of course, so 
I don't have to reload the BAS IC. 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 irre levant. 
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, I guess you're right." 
He had apparently never thought to use 
BAS IC. 

" In conclusion, j erry, what language are 
you best able to program?" I had to be 
careful I didn't come across too strongly, 
but it was never too late to learn. 

"BASIC, of course. I 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, I had the same problem a 
few weeks ago and built the interface board 
already. If you drop over to my house this 
evening, I 'II show you how it works and give 
you an EROM." The look on Jerry's face 
was one of relief, but I was sure he'd even­
tually realize I cou ld have answered his 
question when he first walked in. It was 

Photo l: A closeup of a 
2708 erasable read only 
memo1y. Visible through 
the transparent quartz 
window are the two banks 
of FAMOS (floating gate 
Avalanche injection Metal 
Qxide ~emiconductor) 
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 I 
find it easier to present such topics if I 
explain how I 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 I'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
plete ly confusing, maybe I 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 llkely 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 Iight. I 'II 
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 <lioxide. 
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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Fastest S-100 Dynamic Memory 


5Mhz D-32 Dynamic Memory Board 

The D-32 is the 
fastest S-100 memory 
board available. 
Highest Speed 
The D-32 's high speed is based 
upon precise control of timing and 
conservative design. It operates in 
S-100 bus systems with cycle timing 
independent of the bus. 

Memory cycle timing is derived from a 

precision digital delay line, which is 

four times more accurate than other 

techniques. Power consumption is 

minimized by the performance of 

dynamic refresh cycles only when 

required and by timing them with a 

35khz oscillator. During normal 

program execution. refresh cycles 

occur following instruction fetch (Ml) 

cycles. and are fully transparent. 
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Maximum Re liabi li ty 
The D-32 is as reliable as static 
memory boards, since close attention 
has been paid to the proper 
engineering discipline to maximize 
reliability. These details include : the 
use of molded ceramic bypass 
capacitors for superior noise 
immunity, keeping trace lines to the 
edge connector to a minimum to 
suppress noise spikes on the bus, 
precisely-controlled timing and a 
multi-layer PC board with internal 
power and ground planes for superior 
noise immunity. 

Expandability 
The 0 -32 has a fully-transparent. 
dynamic refresh. Each 4096 byte 
block is addressable at any 4K page 
boundary. Extended address 
selection allows expandability to one 
megabyte co-resident in the system. 
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Circle 123 on inquiry card. 

Main Features 
• immediately available, fully 


assembled and tested 

• static board reliability 
• 32K byte memory 
• fastest S-100 board available 
• independently addressable 


4-K blocks 

• extended address selection for 


expansion to one megabyte 

• 5 megahertz typical performance, 


4 megahertz worst-case 

• cycle timing independent 


of S-100 bus 

• precision digital delay line 


for highest speed 

• fully-transparent dynamic refresh 
• lowest power consumption 
• internal ground plane to increase 


noise immunity 

• S-100 compatible 

Immediate Availability 

The D-32 is immediately available 

at more than 125 TDL dealers 

nationwide. They will show you this 

fully -assembled, tested and burned in 

D-32. If your dealer doesn 't carry TDL 

hardware/software products, write 

or call : 


Sales Department • Technical Design Labs Inc. 
Building H • 1101 State Road· Princeton. N.J. 08540 

609-921·0321 

Cable Address: XITAN PRIN •TWX 510·685-9280 

~TECHNICAL _
DESIGN 

-

L.AEJS 
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Figure l : A 2708 erasable read only memory reader and programmer. During reading, the 2708 (!CS} receives a JO bit address 
on address fines AO thru A9. The eight bits of data stored at that location will then appear as outputs on fines 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 pecullar to the author's system and are necessary to fully describe the software Interaction.) During programming, bit 86 of 
output port 78 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 +7 2 V program mode enable. The eight data output lines now become data input 
lines. The program mode signal also gates output port 76 through /Cs 7 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 700 ms in 7 ms pulses using /Cs 3 and 4. 

+5V -5V +12 v 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. 

2. 	 Transistor 01 is rated for VCE - 40 V. Sug­
gested type : 2N2222A. 

3. 	 Note that \C4 is a 7407. A 7417 should not 
be substituted. 

4 . 	 Programm ing pulse voltage should be between 
2s to 27 voe. 

Output Port 18 

86 87 

Read. 


1 0 


0 x 
Program mode enabled. 

1 _r Low to high transition. Init iates 
input byte storage into EROM. 

("X" indicates a "don't care" condition.) 

Progran1111ing 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 wil I appear 
as outputs of the memory on DO thru 07. 
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 87 and 86 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 I used. 

Programming is straightforward. 86 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 enab le. 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 of74125s 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 add ress 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 pulse on 
a particular location. In plain English, as 
each byte is addressed it is given a 1 ms 
program pulse. To accum ulate 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 tr iggered by a 
logic 0 to 1 transition at its input. The 2708 
both sources and sinks current through pro­

gramming pin 18, so a combi nation 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 Ql. 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. 

Using the lnterfac with BAS IC 

The logic behind this interface is simple: 
set an address and read data, or set an 
address and write data. Every EROM pro­
grammer l have seen uses an assembly 
language rout in e to sequence the operation. 
This interface is no exceptio n. It will run 
faster if control led in that manner, especially 
if wired to the memory bus for read opera­
tions rather than through JO ports. It does 
not have to be controlled through BASIC. 

BASIC is the predominent high level 
language in personal computer use today. 

Photo 2: A 2708 pro­
grammer built from the 
circuit In · figure l. This 
board uses parallel /0 
ports to set data and 
address. 
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100 REM FIRST WE CLEAR THE OUTPUT AND SET IT 
110 REM TO THE READ MODE 
130 OUT 18,0 
140 FOR N=O TO 3 
150 FOR M=O TO 255 
155 OUT 17,M : OUT 18,N 
160 PRINT " ADDRESS "; (N•256)+M;"=";INP16 
170 NEXT M 
180 NEXT N 
200 END 

Listing 7: 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 OUT 18,0 :REM SET TO READ MODE 
110 LET X=26000 :REM 
114 REM SET X=DECIMAL ADDRESS OF THE 
115 REM START OF THE MEMORY TABLE 
120 FORN=OT03 
130 FOR M=O TO 255 
135OUT17,M:OUT 18,N 
140 POKE X, INP16 
150 LET X=X+l 
160 NEXT M 
170 NEXT N 
180 PRINT " TABLE LOADED" 
200 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 FOR T=1 TO 100 
100 LET A=64 :OU:r 18,A :REM 64 IS BIT 6 SET 
110 REM THIS SETS THE INTERFACE TO THE PROGRAM MODE 
120 LET X=26000 
130 REM XIS THE START OF THE MEMORY TABLE 
140 FOR N=O TO 3 
150 FOR M=O TO 255 
155 LET D=PEEK X 
160 OUT 17,M: OUT 18,N+A :OUT 16,D 
165 REM LINE 160 SETS THE ADDRESS + DATA BYTES 
170 OUT 18,N+A+128 :REM 128 IS THE PROGRAM PULSE BIT 
180 OUT 18,N+A :REM RESET B7 
190 LET X=X+1 
200 NEXT M 
210 NEXT N 
220 LET M=O : LET N=O 
230 NEXTT 
240 PRINT " DONE" 
250 END 

Listing 3: A BASIC program used to program a 2708. 

It is only natural for an experimenter pro­
ficient in BASIC to consider using this 
method. It is important to remember that 
most BAS IC systems use in terpreters and 
will perform operations very slowly 
compared with assembly (machine) language 
programs; but, if fast operation is not a 

~ particular requ irement, BASIC can perform 
the same functions. 

Read ing the contents of a 2708 is a 
simple procedure, as shown in listing 1. 
Obvi ously, 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 

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. 

Programm ing 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 assemb ler}, or via keyboard 
entry. Keyboard entry, while possible, is 
very time-consuming and requires that an 
array be produced with 1024 variab les. 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. Th is enables the program 
pulse generator, IC3, and data inp ut source 
through the 74125s. After the address and 
data words are sent to the outp uts, port 
18 bit B7 is raised to a logic 1, causing the 
oneshot to fire. Th e duration of the pulse 
is 1 ms. If this were an assemb ly language 
program, a timing routine would have 
to be used to time out 1 ms before stepping 
into the next add ress and data combination. 
BASIC takes approximate ly 5 ms to 
in terpret 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
fo re needs no timing loops. As stated earlier, 
to meet manufacturers ' specifications, 100 
1 ms sequences must be performed. f If you 
reprogram the algorithm for another lan­
guage, or use a BASIC interpreter, make 
sure the timing is comparable . .. CH} 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 ful l 
100 loops. This is fine if you aren't in a 
hurry, bu t a better way is to write an intelli­
gent programming routine. Yes, the manu­
facturer states that to be abso lu te ly sure the 
2708 is programmed, 100 loops should be 
executed. Bu t, it has been my experience 
with the many 2708s I've programmed using 
th is inte rface, that it takes only one loop. 
This is not to say that all devices will per­
form similarily, but it does lead to some 
in te resting 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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Price/Performance 

no one else has put together. 


IMSAI Introduces the PCS-80/30 

Integrated Video Computer 


D 3 mHz rnicroeomputer 
D 3K ROM monit0r 
02KRAM 
D 8 expansion slots 
D 14 mHz integrated intelligent 

CRT (24x 80) 
D Intelligent Keyboard 
D Parallel interface 
D 2 serial interfaces 
D Graphic and edit CRT 

functions 
D 28 amp power supply 
D All for $1499* assembled 

and tested. 

Software: 
ASSEMBLER, DOS, TIY and ACR 
BASIC, Commercial/Scientific BASfC, 
FORTRAN IV and more. 

Memory Options: 
4, 16, 32 and 64K RAM memory boards. 

Circle 55 on inqu iry card . 

Peripherals: 
Printers, floppies- mix and match: 
standard, mini and high performance 
double density floppy disks on the san1e 
system (an industry first). 1h " magnetic 
tape drive, CRT nnd TV monitors. 

Send today for your copy of the 250-page 
fMSAJ PCS-80/30 User Manual. Price 
$5.00. The cost of the manual may be 
applied towards your purchase of a PCS­
80/30 lategrated Video Computer. Use 
the coupon provided. 

Gonllemcn: 
Send me Lhe IMSAI PCS-80(30 User Manual, price 
$5.00, I under.ilond 1ha1 lhc $5.00 may be applied 
towards 1he purchose of o PCS-80130 Video 
compu 1cr Sys1em. 

Chcck/Mo"2Y Order cncloscd. Amt S---­
Chnrge 01y U BAC 0 MIC 

# Exp. Dp to: --­

Sig. _ ____________ 

Nnm•-------------
Addross____________ 

City _____________ 

S1t11e1Zip-----------­

IMSA[ 111860 w fo b Bt.,.d, S~n Lc:;iJ"Jdro, CA 94S77 

The Standard ol Excellence 
In Microcomputer Systems 
IMSAI Manufacturing Corporation 
14860 Wicks Blvc:l . San Leandro, CA 94577 
(415) 483-2093 TWX 91Q-366 7287 

•U.S. dames.tic. pria: ooly. PCS-BOIJQki1..a"llihtblc. 01hcl"'PC'S·80 kit' Hun 
.n t. $699, Price:\, and 1pcc/llcnttonsnbjccl 10 Ch11nga whhb1.U n.otiL~i=" . 



Photo 3: An Ultra Violet Products UVS-1/E 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. 

a program that will read th e data. After each 
complete loop, read the 2708 byte by byte 
and compare it to the source table in 
memory. If. it is eq ual, 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, I have 
yet to require a second loop. This will al low 
fast temporary writing for program checkout. 
When the software is finalized, reprogram 
the 2708, when time allows, with the full 
100 loops to ensure longev ity of the stored 
data. While conceptually it may seem more 
feasible to rewrite only errant da ta bytes, in 
practice this is not advised. 

Er in n EROM 

When 2708s are bought directly from a 
manufacturer they come completely erased 
(every byte is hexadecima l FF) . If you plan 
to wr ite 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 
rep rogram 2708s and simi lar erasab le read 
only memories. It then becomes necessary 
to know how to e•ase them. We all know 
that the 2708 is ul traviolet erasab le. How­
ever, duration, distance from the light 
source, and in tensity determine the quality 
of the erasure. 

People concerned about mai ntaining 

manufacturer 's specifications during the pro­
gramming seq uence 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 du ring 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 li ght with a wavelength of 2537 A.. 
The recommended integrated dose (ultra­
violet intensity X exposure time) is 12.5 
Watt-seconds per square centimeter 
(Ws/cm2). The time required to produce 
this exposure is a function of the ultravio let 
light in tensity. 

Choice of a particular ultraviolet eraser 
shou ld be equally divided between cost and 
safety. A commercial uni t not only specifies 
its intensity (which allows computation of 
exposure time), but also incl udes some very 
important in terlocks. It is conceivable that 
some homebrew erasers might have im proper 
shielding that can allow the ultraviolet light 
to escape or be accidently turned on while 
being viewed. Such possibil ities 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 especia lly with the 
home computer market in mind and includes 
some very important safety features. The 
lamp will not operate unl ess 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-11 E produces an inten­
sity of 5000 µW per square centimeter 
(µW/cm2). Exposure time for the 2708 is 
easily calcul ated . Exposure time (TE): 

T E = J/1 

where: 

= required erasure density of device, 
= incident power density of eraser. 

For a 2708 which requires 12.5 Ws/cm2: 

5000 µW/cm2 , 

12.5 Ws/cm2, 

12.5 = 2500 seconds; 
5000 x10-6 

or 

41.6 minutes for complete 
erasure. 
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In Conclusion 

"Wel l, 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." I sensed he felt 
relieved that he didn't have to cancel his 
grand computer expo for the computer clu b 
that evening. 

"Thanks, Steve. I knew that anyone with 
as much computer ju nk 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 
stateme.nt quickly subsided. I got this 
strangely familiar tinge of pain as I 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, I just shrugged off the desire to take 
the 2708 back from Jerry, throw it on the 
floor, and jump on it. How do I get myself 
into these things? Sanity prevailed and I 
just said softly, "We'll see." 

Next month: remote AC control.• 

Circle 115 on inquiry card. 

Space... The Final Frontier. Inc. 
P1 ese nt s 

SPACE-CON 7 

• COMPUTER GAMES & FILMS * 

• SPACE SCIENCE 

• SCIENCE FICTION 

ANAHEIM CONVENTION CENTER 
Memorial Day Weekend 

MAY 28 & 29, 1978 

'Exhihitor Inquiries In vi ted 

10' By 10' Booths A vailahle For S 170 


In Jun e, 1977 . we had 15,000'111 

at tendance at the Los Angeles 


Convention Cente1 


For Information Contact: 

2817 Y2 K Street 

Sacramento, CA 95816 


(916) 446-3710 

IBM 2741 - compatible or 
standard ASCII (with Break and 

Control code features) . RS 232-C 
interface. 

RECONDITIONED SELECTRIC 
TERMINALS

0 CONTAC! KEN PAYNE 

Dal-Data Inc. · 1111 W. Mockingbird Lone 
Suite 1400 •Dellos, Texos 75247 • 214-630-9711 

IBM Correspondenc~~ 
or BCD Code §-llq6~. -

• IBM 2741 Compati ble .,. ­
• RS232C Interlace 

ASCII Code ............$995.00 
• 3(X) Baud 200 Character 

Print Buller 

• RS232C Interface 
• Break and Control Code features 

Circle 15 on inquiry card. BYTE M>rch 1978 93 
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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 
recep tive fields of the 
RGCs which project to 
the same thalamlc 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 
thalamlc cells which pro­
ject to this cell in an 
excitatory manner is so 
chosen that their own 
excitatory regions lie in 
a straight fine. 
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they have response patterns rather similar as "simple fie ld cells." These cells typical ly 
to the RGCs. That is, central spots and respond preferentiall y to more complex 
oppositely acting surrounding rings, etc. stimuli, such as li nes of light at particular 
The active fields tend to be somewhat incl inations, and particular locations. 
larger, but it appears that the thalamic Usually , it is found that a column of cortical 
cells receive positive inputs from RGCs simple field cel ls deals with the analysis of 
whose positive centers are close together, some smal l area of the retinal image, and 
so that essentially the same pattern is main­ contai ns a large number of such line 
tai ned . This is illustrated for a typical "on­ analyzers. Each is responsive to a line at a 
center, off-surround" thalamic cell in figu re slightly different angle, but all are concerned 
6. Actually, at th is level there is a great deal wi th the same small area. Figure 7 shows 
of additional processing going on that has how such a line detector can be constructed 
to do with mod ifications on the basis of from the output of the thalamic cells. What 
data return ing from the cortical areas to is required is that the thalamic cells which 
which the thalamic cells project, and also have a positive influence on the firi ng of the 
data from other brain regions which have cortical simple field cel l are selected to be 
input to the visual analysis system . We ones that have their own circular excitatory 
shall speak more of these other inputs later, centers in the visual field in a straight line 
but for now we shall fo llow our line detector at some angle to the vertical. If the inputs to 
system on to the cortex . our cortical cell are so selected (selective 

The axons of the thalamic cell s make convergence) , then the optimal stimu lus 
contact with a class of cortical ce lls known for firing it will be a line of light which 

passes through the excitatory central spots 
of all the lower echelon thalamic cells' 
receptive fie lds. Such a stimulus will produce
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Volume VI 
Yes and it still contains what was previous ly 

Volume VII 
Here is that Chess have been 

Soon To Be R eleased-Vol. VIII-Homeowners Programs ~-..;../_---';..._______ 
----------- (Includes Federal Income Tax Program) / 

advertised. A fully disk interactive busi ness 
package with AIR, Inv., A/P, ledgers, tax to tal s, 
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 


program you 
waiting tor as well as a disk interactive Medical 
Bil l ing package with patient history file. 

Also inc luded is our disk interactive Word 
Processing package 
(revi sion ~) . 

$39.95 

Add $1 .50/Vol. for U.P.S, and handling except to APO and PO addresses. 
Foreign orders add $8/Vol . for ai r shipment - US doJfars only. No purchase 
orders over $50. 

VOLUME I - $24.95 
VOLUME II - 24.95 
VOLUME Ill - 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 earlier volumes - until furt her notice we 
are offering a REWARD leading to the arrest 
and conviction of anyone rep roducing 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 enti re set. Oller expires December 30, 1977 

E ltlll 
honored 
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LI NE ST IMULI 
WHICH FAIL TO 
EXCITE ORIENTED field cells, all of wh ich respond to a line at 
SIMPLE FIELD CELL the same angle, but whose specific sensitive 

locations with regard to retinal position dif­
SMALL AREA OF 

VISUAL 

EXCITATORY ---+---+--< ~-----+----

FIELD 	 fer, and are spread over a wide area, as 
shown in figure 9. Again, certain conver­
gence patterns are selectively implemented. 
In th is case the convergence principle is 

INHIB ITORY para! I e I ism . 

CENTER OF 
 SURROUND OF In actual ity, the connections are not soORIENTED CORTICAL 

SIMP LE FIELD 
ORIENTED 

CORTICAL SI MPL E 	 straightforward as I have suggested; there \s 
L INE DETECTORFIELD LINE much up and down traffic from thalamus to DETECTOR 

cortex and back . There is much up and 
down traffic between different levels of the 

Figure 8: Lines of light the tha\amic ce ll s since it will intersect some cor·tex as wel l. The principle however is 
which are not optimally of the inhibitory territory of each, but such essentially as illustrated. By continuing this 
placed do not activate a sub-maximal output from each of them is type of operation, and by combining out­
the simple field cell since the maximal input for the cortical level puts of different types of cells, it is clea1· 
they either do not strike cell. Now look what happens if the line is that feature ex tractors of any desired degree 
sensitive elements, or turned at a different angle, or moved to a of complexity could be built. Arc detectors, 
strike excitatory and different position as in figure 8. If the angle edge detectors and numerous other types 
inhibitory areas equally. is not aligned with the line of the "on ­ are already available at the simple field cel l 

centers," one thalamic cell will show a level. At the level of more complex feature 
positive respo nse; but the others wil l not, extractors, which may be in areas of cortex 
and may have their inhibitory areas acti­ outside the primary visua l cortex, it is very 
vated. There is thus little input to the corti­ difficu lt to determine the effective stimulus 
cal I ine detector. If the Ii ne is kept at the for a cel l simply because of the enormo us 
correct angle, but moved to the side, it falls number of stimuli that it might respond to. 
in all inhibitory territory, or else beyond In a monkey brain, for example, a cel l has 
the active region al together. Thus, whi le been reported by one researcher which 
our simp le fie ld cel l can discrim in ate angle, responded on ly to the outline of a hand. 
it also discriminates location . lt is not necessary for us to specify all 

The next level of abstraction is reached these types of feature extractors for our 
with the so-called "complex fie ld cel ls" of purposes. The particu lar set that was most 
the cortex . A typical example of one of usefu l to a human's brain wou ld probably 
these would be a cell of the type we have differ from the most useful set for a robot 
been seeking, one which would respond to brain . It is sufficient to see the principles 
a I ine at a specified angle, located anywhere by which the fea ture extractors can be con­
in a large area of the visua l fie ld. Such a structed. Let us review these. 
cell is easily constructed if it can 0 R gate First, it is clear that not all possib le 
the outputs of a large number of simpl e comb inations of retina l receptor activa-

EXC ITATORY CENTERS OF SELECTED 
SIMPLE FIELO ORIENTED LINE DETECTORS 
ISURROUNDS AND OVERLAPS OMITTED 
FOR CLAR ITY ). 
ONLY THOSE DETECTORS ROUGHLY PARALLEL 

AXONS OF SIMPLE 
FIE LD CE LLSr SELECTED FORe 0 I PARALLEL o~:NTATION 

IT\ HYPER­
/'11 \..:..) COMPLEXr 

o""~-CELLS ) 

0 0 gz,,~o	 '°""" Figure 9: The · develop­ FIELD CELL FOR0 POSITI ON-FREE 
ORIENTED LINE 

ment of a complex field 
cell of the cortex which l. .) DETECTION 

TO ONE ANOTHER ARE SHOWN 

responds to lines at certain 
SMALL AREA ·oFangles, but without refer­	 REPRESENTATIVE SIMPLE FIELDVISUAL FIELD 

UNE DETECTORS COVERING AREAence to spatial location 
AT LEFT, SHOWING SENSITIVE 

over a large retinal region. 	 ORIENTATION DIRECTIONS 
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•The 2650 15 designed for you 

The Central Data 2650 Computer 


Board system has been carefully 

designed and built with you in mind. 

We've also designed software and 

memory to go with the 2650 so that 

you'll have a complete system. You 

deserve quality equipment, and we've 

built it for you. Take a look at the 2650 

board features and see for yourself. 


• 	 a 2650 microprocessor 
• 	 an 80 character by 16 line display 
• 	 a 300 Baud cassette interface 
• 	 a powerful lK Supervisor Program 
• 	 one parallel input port and one bit 


settable output port 

• 	 2048 bytes of read-write m emory for 


the video display and your programs 

• 	 expands to S-100 bus 
• low price of $275 


The 2650 board comes assembled, 

tested and ready to plug in and comes 

with a full one year guarantee. The 

price includes a Signetics 2650 

Microprocessor Manual and a Computer 

System Manual from Central Data. 


We offer the Editor/Assembler and BK 

Basic software packages for the 2650 

system, and our S-100 24K me mory 

board allows full expansion of the 

syste m. (16K and 32K memory boards 
 Central 
are also avai lable.) Each software datapacknge cos ts on ly $20. The 24K 

memory board is $395. All software P.O. Box 2484, Station A 

comes with a cassette tape and a Champaign , IL 61820 

program listing . (217) 359-8010 


With a ll these features you can't afford 

to pass up the Central Data 2650 system. 


Ir----------------------------------,Please send me the following: Nilme 	 I 
I 0 2650 computer system boilrd ($275) Address I 
I 0 16K RAM ($289) I 

0 24K RAM ($395) City---------------­
1 0 32K RAM ($475) I 
I 0 Editor/Assembler ($20) State I 
I 0 Basic ($2 0) Zip I 
I D Additional informiltion I 
I I enclose $ e11tr.1 I Dat.1 • 1' .0. Box 2484 , St.1 . A • Ch ,1mpaign . !II . 61820 I 
I Ill. residents add 5% sales tax . 	 I 
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ti on are encoded by higher leve l 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 cell s converge. The 
particular set of lower level cells is selected 
on the bas is of the spatial re lationship of 
their receptive fields on the retina. Th is 
is the principle of se lective convergence. 
Look agai n 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 br ing­
ing several more from selected places to­
gether at each stage. Second, the respo nse 
of the high er echelon cell is frequently fine 
tuned by provis ion of latera l inhibition. 
That is, lower echelon cel ls frequently have 
inhibitory projections both to the ir neigh­
bors to either side at the same leve l, and to 
the neighbors of the higher echelon cell 
to which they send excitatory projections. 
The arrangement of these inhib itory pro­
jections is often chosen to help the cell 
discriminate against stimu li which are 
similar enou gh to the target feature to 
potential ly generate some respond in g, if not 
full responding, in the ce ll. Thus, in the 
simple cort ical fiel d cell li ne detector in 
figure 8 1 if the angle of the line were on ly 
slightly off of the desired angle, it sti ll might 
cross the on-centers of several of the 
thalamic cells which input to the cort ical 
ce ll, and cause some considerable response 
in the cortical cell. It should of course on ly 
activate some other angle detector. This 
difficulty is surmo unted by the fact that 
in order to cross the first ce ll's line of on­
centers at a small angle, the stimulus would 
also have to cross a large amount of territory 
wh ich in hibited the thalarn ic cells ' output. 
(If the angular discrepancy is large of course 
there is little problem.) 

The third principle of genera l relevance 
is related to the problem of how much input 
wil l be required to fire a higher echelo n cell. 
Recall that the neuro ns are not functioning 
strictly as AND or OR gates, in that acer­
tain percentage of inputs active is all that is 
req uired for firing. Th is ALMOST gate 
principle is one of enormous power, and we 
shall have more to say abo ut its app li ca­
tion to inte lligence in a later article; but fo r 
the moment look at what happens in the 
sensory system if we let the percentage of 
inputs required for fir ing be an ad justab le 
parameter·. If we requ ired 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 
reso lution, 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 extracto rs when only a 
small number of relevant inpu t lines are 
active, we wil l get qu ick results, with a lot 
of errors . In particul ar, we would be unabl e 
to make fine discrim inations amongst simi­
lar stimuli which would activate many li nes 
in common. 

This kind of error is easily demonstrated. 
Bri efly flash a picture of a circle with a small 
piece missing on a screen, and your subjects 
will report that they saw a com plete 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 adj ust the percentage 
inpu t 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 widesp read contact with 
large numbers of sensory processing ele­
ments. These inputs carry no spec ific visual 
information , but by excitatory or inh ibitory 
action they can bias the processing elements 
towards or away from fi ring threshold, thus 
increasing or decreasi ng the amount of input 
from lines carrying specific information 
which is required before firing occurs. When 
this process is driven beyond normal limi ts, 
as with various drugs, the feature extractors 
can oe biased so close to firing that little 
or even no input is req ui red. The re­
sult is a variety of visual distortions and. 
halluci nations. 

A fourth point worth noting is th at 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 earl ier 
echelo n 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 
on ly 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 I ine at any 
stage as wel I 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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CHEAPER BY THE BYTE 


The Dual Digital Cassette Storage System 

Only $585. Only from Peripheral Vision 


For the first time ever there's an inexpensive, 
reliable system for mass data storage. Peripheral 
Vision introduces the Phi-Deck Cassette Storage 
System for the S-100 Bus. For only $585 . 

That's right. $585. That gets you two Phi -Decks, 
controller card kit and power supply. Which 
means you get more bytes per buck. Take a look. 

The features: 
• 	 Controller card supporting mutiple drives 
• 	 Computer-controlled operating system ­

an 8080 version of PhiMon 
• 	 Large data capacity: 

254,000 8-bit bytes on C-30 cassettes 
508,000 8-bit bytes on C-60 cassettes 

• 	 Software error rate less than 1 bit in 108 

What our system allows you: 
• 	 Indexed software controlled program file 
• 	 Indexed random retrieval 
• 	 Multipass compilers 
• 	 Duplication and backup of important data 
• 	 Large data files - lists, names, business 

accounts 
• 	 System residence 

What our software operating system offers: 
• 	 8080-based design 
• 	 Cyclic redundancy check (CRC) error 

detection 
• 	 System retries after soft errors 
• 	 Automatically bypasses hard errors 
• 	 Block size from 1 to 256 bytes 
• 	 Phi Deck Monitor Operating System 

Circle 92 on inqui ry ca rd . 

How to get connected: 

With Peripheral Vision's new four-port 1/0 board. 
It 's another one of our bargains. Only $85. To save 
you bucks. 

We've only given you a glimpse of our exciting 
new cassette storage system and the four-port 1/0 
board. For more details, just fill in the coupon 
below. For cheap little bytes. 

P.O. Box 6267 Denver, Colorado 8020 6 303 777-4292 

O.K., I'll byte! Send me details on your cheaper 
way to store data and get it connected! 

Name~~~~~~~~~~~~~~~~--

Address~~~~~~~~~~~~~~~~ 

City/State/ZiP----------- ­
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I 0 SLOT TABLE TOP I 
Ml CROCOMPUTERS 

TT·8080...KIT $440 


SYSTEM WITH 16K & 1/0 
TT·BOBO·S. . .KITS1050 I 

CARD CAGE& 
MOTHER BOARD 

ECT·100...KIT 5100 

CCMB-10...KIT $75 I
WITH CONNECTORS 

&GUIDES I
ECT·1 OO·F...KIT $200 

CCMB- 10·F.. .K IT $125 

I 

I 

I 


BUILD YOUR OWN 

VIDEO TEl\MIHAL FOR 


$95 "PLUS''* 


e 	 Serial ASCII or BAU DOT 

• 	 Full X-Y Cursor control 

• 	 128 Characters, including 
upper and lower case 

• 	 16 lines X 64 chara cters 

• 	 SlOO Compatability 

• 	 No Supporting Software 
r equired 

• The S "l'-l 00 Single Cord Term inn! inlc •·faccs di l'cc tl y lo any 

compu tc1· or modem ha vi ng scr iul ASCII or B/\U DOT capabili ty. 

It req LJ iras on ly l11e ndditior of n sl11ndard ASCII keyboa rd, and o 

TV moni tor. It is uvoilable us ll po•·tiol ki t fo r $95 .00 including 

l11c PC board, c huruc lcr genc 1·ato1· llO M, and lil e 3870 mic ro­

comput er. The co mp le te SCT- IOU kit is $155.00 ($185 .00 

prcwi1·ccl & test ed) . 

To occler, ca ll o r wr ite today. MC, BAC Accertcd. 


XJTEX CORP. P.O. Box #20887, Dallas, Texas, 75220 
Phone (21 4) 620-2993 

the process, without having to wait for a 
detailed analysis of its surface markings 
based on more extensive processing. 

We have emp hasized the deve lopment 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 ce lls , not 
just one. Further, these outpu ts may be in­
vo lved in the extraction of entirely different 
features at each of the higher echelon cells 
to which they project. lt 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 spatia l pa ttern of ii · 
lu mination on the retina in a simp le point 
for point code. The bits in the output byte 
of the sys tem each represent the occun-ence 
or non-occurrence of a complex pattern of . 
features in the visual world , and can be used 
to directly activate appropriate responses. 
Thus, the in put 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
rese nt highl y 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 cel ls at the top of the figure a; at 
the bottom, with each converge nt t ree lead­
ing to a top level eel I containing many 
elements in common with other convergen t 
trees, just as the two shown do. 

We have dealt so far only with the proc­
essing of spatial patterns of retinal illum ina· 
tion . There are many other th ings which are 
dealt with ; motion detection by seq uential 
activation of retina\ elements is one ex­
amp le. 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 an a· 
log information in the ee l1's " temporal 
byte." That is, each Iine carries one bit in 
the "spati al byte" which encodes the exist­
ence of some set of conditions al th e re ti na 
related to which cells are activated. The 
rate of firing of the line encodes, in pulse 
frequency ana log form, information abou t 
the strength of that activation. For low 
echelon cel ls, this is essentia lly information 
about the intensity of the light fa lling on 
the receptors. At higher echelons in the 
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Everything you need in small computer systems! 

LEAR SIEGLER ADM 3A TERMINAL ~ CENTRONICS 779 PRINTER 

$759.95 $1099 00Kit 

Assembled $854.95 • 

Assembled 

HAZELTINE 1500 
VIDEO TERMINAL 

Assembled $1149.00 
Kit also available 

MODULAR 1 
INTELLIGENT 
TERMINAL 

Assembled $165 9 • 00 
IMSAI 8080 MICROCOMPUTER 

....... ·=­ I 8080 , 
·~;~i- ---­

~ ' : . ' 

;'.ti:;;.,.,~ ... ::, ... 

With 22 slot 

$649.95 

SPECIAL BUYS 
IMSAI Double Density Persci Drive . ........ $2295.00 
Sorac IQ 120 Video Terminal . . . . . . . . . . . . . . 959.00 
DEC LA 180 Printer .. . . . .. .. . . . . .. . . . .. .. 2769.00 
Compucolor 8001 Color'Computer . .. .. .. . . 2595.00 
ICOM Microfloppy System.. .. . . . . . . . . . . . 989.00 
North Star Microfloppy Disk Kit. . . . . . . . . . . 599.00 
Cromemco Z·2 Kit. . . . . . . . . . . . . . . . . . . . . . . 565.25 
Javelin 9" Video Monitor . . . . . . . . . . . . . . . . . 159.95 
M icropolis Model 1053MOD 2. . . . . . . . . • . . . 1799.00 
IMSAI AP44-44 Col. Printer Kit . . . . . . . . . . . . . 329.00 
TDL Xi tan Alpha 1 Computer Kit . . . . . . . . . . . 699.00 
ICOM Model FD 3712 . . . .. ... . . .. . . . .... . 2795.00 

We carry a full line of the following: TDL, 
Centronics, Seals, Hazeltine, M icropolis, 
Hayden, IMSAI, Cromemco, 
Compucolor, I com, Lear Siegler, Okidata, 
DEC, Javelin , North Star, Peripheral Vision. 
Same day delivery and shipping on most 
items. Full modern repair facilities on 
premises for complete servicing of 
everything we sell. 

Circ le 119 on inqu iry card . 

RS 232C Serial Interface 

$260.00 

MODEL 22 LINE PRINTER 

Tractor Feed $2249.00 

TELETYPE MODEL 
43 PRINTER 

$1299.00 

IMSAI PC S·B0/15 8085 
COMPUTER 

Assembled 

$929.00 

SYNCHRO-SOUND ENTERPRISES, INC. 
The Computer People 
193-25 Jamaica Avenue, 
Jamaica, New York 11423 
212/468-7067 TWX: 710·582·5886 
Hours 9-4 daily Visit our new showroom 
and Saturday Working units on display 
Dept. 888 BankAmericard •Master Charge 
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I High Prices I 
I I 
I 
I Byte The Dust. I 

I 
II (Fayetteville, NY) Computer Enterprises has 1 

kept their prices low . U y ou order now , on top 1
I of reliabi lity , lightning-fast delivery , you ' ll I 

pay only the p r ices y ou see below . Other
I gr eat products from the leaders in m icro- I
I computing a r e available from Compu ter I
I Enterprises. I 

I I 
I Credi t ca.sh I
I Ca rd Price Price I 

Lear Siegler ADM-3A Kit $728 $700 II IMSAI 8080 w / 22 slots Kit 614 590
I IMSAI PCS-80 / 30 Kit ... . 1097 1055 I
I IMSAI PCS-80/ 15 Kit 731 703 I 

Edge Connectors &: Guides
I for IMSAI . . . . . . . . . . . . . 4 4 I
I Heuristics Speechlab I 

Assmbld. . . . . . . . . . . . . . 2 65 254 I
I Vector Graphic 250ns BK
I RAM Assmbld. . . . . . . . . 187 180 I
I TDL VDB Video Display I 

Board Assmbld. . . . . . . . 338 325
I TDL Software Package A I
I on North Star Disk . . . . 228 219 I 

TDL Software Package on
I Paper Tape . . . . . . . . . . . . 150 144 I
I George Risk ASC II I 

Keyboard Kit . . . . . . . . . 52 50 I
I Cromemco Dazzler Kit 190 183
I Cromemco 16K PROM I 

Card Kit . . . . . . . . . . . . . . 128 123 I
I Cromemco TU-ART Kit 173 166 

I I 
I Call or write for our I 
: giant Spring Computerlogue : 

Catalogue Today. 
1 1 
I IMSAI VIO·B Kit 252 242 I
I IMSAI VIO-C Kit 2 97 286 I
I TDL XITAN ALPHA 1.5 795 764 I 

Cromemco Z2 Kit 5 57 536 II Dynabyte250ns16K
I Static RAM Assmbld. 577 555 I 
IShipping charges· $10 per CPU on larger unit.a: S l.50 per klL. $2.00 min.I 

I per order . I 


De1lvery is stock to 30 days o n mosL 11..ems. S h ipment is immcdle.t.e for 

payment by cash1or's chock , money order or charge ca.r d . Allow 3 wooksl


•
 ror persona.1 checks to clo.0.1'. N .Y. St.ute i·eslden t.s add approp. sales 
I t.ax . > va.llabil\t.y . p1·ices and specs may change w ithout not.tee. I 

I Opera.t ingHours: 


M -w 10·5 Es.T. Write or Call I 

I Th·F 10·9 E .S.T. 

Closed Sa.t. & Sun. I 
I I 
I I 
I TM I 
I I 
I P.O. Box 71 I 
I Fayetteville, N .Y. 13066 I 
I Phone (315) 637-6208 Today! 1
L•••••••••••••••1 
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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 wil l in­
crease the firi ng of the cell. This is an ex­
ample of the way in which the brain may 
comb ine digital and analog information in a 
single decision process. The nature of 
what is being encoded by intensi ty at 
the higher levels of the process may be 
better understood by ap pl ying the "degree 
of certainty" concept to the lowest levels, 
where th e 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 inp uts and activity of inputs can 
trade off with regard to drive on the re­
ceiv ing cell , and this is genera lly appropriate, 
because the degree of certainty about the 
existence of the feature to be decoded is 
increased if there is either a broad ag1·eement 
among the inputs, or if the inputs are them ­
selves "very certain ." In general in the brain, 
"He who ye ll s the loudest has the most to 
say." Since cel ls don't have egos, it works. 

In any realistic approach with present 
day hardware , this wou ld probably have to 
be modeled using a by te of several bits in 
place of each single line in the bra in. "Which 
byte" would be equivalent to "which axon," 
and the bit pattern wo uld carry the infor­
mation carried by the temporal byte on the 
axon . 

Given that the number of conceptual 
features in to which the visual wol'ld cou ld 
be subdivided is virtual ly unlimited , whereas 
the number of ava il able bits in the systems' 
output byte is mere ly enormous, how does 
the brain decide which features to encode7 
Some of it, the simplest parts, are un­
doubted ly 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 I ines at a 
certain period of its development, its visual 
cortex wil l 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 simi lar 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. No tice 



Numeric Keypad may be ordered as 
' arge. 

YES YOU CAN 

Put The VERSATILE e To Work Now! 

Even if you've NEVER used a computer, you can begin to operate the VERSATILE 2 immediately. 

It's all been done for you: a compact computer that needs no extras, and a complete software library. 

Great for HOBBYISTS • TEACHERS • BUSINESSMEN 

HOME You don't have to be a CLASSROOM Get your kids right OFFICE Stop drowning in paper ­
programmer or electronics techni ­ to work learning BASIC, playing work . And quit worrying about 
cian . Or know anything more than games and solving math and ac­ which system will work best for you . 
how to plug it in, and read our counting problems without worry­ With our business accounting pack­
manual. Get your hobby going with ­ ing about what makes the computer age, you can concentrate on busi­
out hass le . go. ness while the VERSATILE 2 con ­

centrates on maintaining your 
records compactly, and permanent­
ly on diskette. 

SPEC IFICATIONS 

Z-80 C PU 

Video dis play with graphics o n 9 " 

64.x 16 screen 
16 K Sta t ic RAM Memo ry 
Serial and Pa rallel 110 Ports wi th 
standa rd RS-232 Connec to r p rov ided 
a t rea r or unit 
RO M to drive RS-232 

EXPANDABLE 

Add memory, p rinter . a nd u p to 3 

externa l mi n i-Ooppy dis k drives. 


OPTIONS 

SK Memory Boards at $ 195 .00 each . 


HOME SOFTWARE LIBRARY 

optio n at no Five d is kelles are included to give yo u im­
mediate progra mm ing capabil it ies. 

DI SK #I cont a ins a Disk O perati ng System 
a nd 12K Exte nded BAS IC . Easy to use 
stateme nts incl ude: IF TH EN. GOTO , 
REA D. EX IT, FO R. NEXT . You get com ­
plete line edi tor, mult i-s ta tement lines a nd 
mu lt i-di mensio n a rrays. A BAS IC teaching 
program on thi s di skcuc will have you q uic k­
ly progra mm ing in BASI C. 

DIS K #2 has ma ny games inc luding ST A R­
T RE K, BLAC KJAC K and STAR WARS. 
T he re ' s room lert over ror you to add yo ur 
own. 

DIS K #3 is a Ho me Acco unting Pac kage with 
progra ms like Budgeting, a nd Checkbook 
Ba lanci ng. 

DI SK #4 contains a Small Bus iness Account­
ing Package. Included a re p rogra ms for Pay­
ro ll , In ventory C ont rol, Accounts Paya ble 
and Receivable, T axes, Invo icing , Check 
Pr int ing, a nd much more. 

DISK #5 is a fo rmaued blank d isket te ro r 
yo u to enter your o wn program s. 

$2495 Assembled and Tested. 6 Month Warranty. 30-day delivery or available direct from dealers. 

COMPUTER DATA SYSTEMS 
Scientific Sales, Inc. Alexander and Company, Inc.

5460 Fairmont Drive
175 W. Wieuca, Suite 210 5518 Florin Road 

Atlanta, GA 30342 Sacramento, CA 95823Wilmington, Delaware 19808 

(404) 252·6808 (302) 738·0933 (916) 422-9070 

See us at the Second !Vest Coast Computer Faire - Booth # 115 

VERSATILE 2 
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SlOO CARDS-100 PLUG CON T ACTS-Convenient universal 
tinned pads and bus lines. For interface, memory expansion, 
breadboarding. Mount almost anything anywhere on card. 

S100 CONNECTORS for WIR E WRAPPI NG or SOLDERING 

BEA UTIFUL 
NEW V ECTOR -PA K 

Mode l VP2 

VECTOR 
PACKAGING MATERIALS 
SAVE TIME & MONEY 

CASES for micro-computer 
circuitry, assembled. Constructed 
of aluminum, finished in vinyl. Slide out covers for easy 
access. Includes card guides, heavy chassis plate, perforated 
bottom cover for cooler operat ion. 
Card guides perpendicu lar to front panel, Mode l VP1, $128.30. 
Card guides paralle l to front panel , Mode l VP2, $134.30. 

Model 
8803 

S100 M OTHE R BOARD , $29.50 . 11 positions ready for 
connectors. Glass epoxy, plated th ru holes, circuitry for 
active termination, 12 tantalum capacitors and instruct ions. 

PLUS revolutionary Slit-N-Wrap wiring too ls, Micro-Vector ­
bord,® printed circuit kits, l.C. sockets, extenders. 

Send for new catalog. 

@VECTOR ELECTRONIC COMPANY, Inc. 

12460 Gladstone Avenue, Sy lmar, CA 91342 


phone (213) 365-9661, twx 910-496-1539 

51'10777 
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that the world seems to stay stil I, 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 
fi ngertip 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 difference7 In both cases 
the image is moving around on the retin a. 
The answer is that movement of the image 
caused by moving the head in the usual 
man ner is natural ly an everyday problem for 
the brain in interpreting the visual world. 
It solves the problem by using feed forward 
information from the motor nuclei which 
control the movement of the head and body 
to correct the in terpretation of the relative 
motion of image and retina to precise ly 
al low for the motion as it occurs. Since you 
don't usually go around jiggling your eye· 
bal l with your finger (I assume), your b1·ain 
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 digita l 
technology? As a start, let's examine what 
wou ld be req uired of a "brute force" ap· 
proach if we didn't care whal it cost. It 
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 digita l 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 accord ing to a small ROM program, 
and a number of bytes late rally from its 
neighbors, wh ich data would also figure in 
the res ul t. The ROM program would deter­
mine the type of response of the "ce ll," 
and its output wou ld be a byte on a bus 
that ran to a number of yet higher eche lon 
processors, and laterally to its own neigh­
bors. If we really wanted to mod el the 
brain's operation, this wou ld al l be con­
ducted with handshaking logic and the 
processors would all have thei r own pr ivate 
clocks. Each processor would simply con­
tinually compute the result of whatever 



OSBORNE ~ASSOCIATES, INC. 

The World Leaders In Microprocessor Books 

If you want information on microprocessors, begin with 
the Osborne books. 

PROGRAM BOOKS WRITTEN IN BASIC 
Payroll With Cost Accounting 

Accounts Payable And Accounts 


Receivable 

General ledger 


These books may be used independently, or 
implemented 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• 

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) 

,,­

~~ 


,,,1,..... ...........,..,,.. 


ASSEMBLY LANGUAGE PROGRAMMING 

BOBOA/ 8085 Assembly Language 
Programming 

6800 Assembly Language 
Programming 

Assembly language primers in the classical 
sense. these books treat assembly language 
as a means of programming a microcom ­
puter. Full of simple programming examples. 

31003 (400 pages). 32003• 

,, '~ .....~.... 
8080A/8085 

Ass(malY LRnvuAGt PAoG~Ammmu 

lone• Fl. leve1"111'1ot 

AN INTRODUCTION TO MICROCOMPUTERS 

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 I - Basic Concepts 

The world's best selling computer text de ­
scribes those characterist ics common to all 
microprocessors yet specific to none. All 
hardware and programming concepts you 
will ever need to know are expla ined at an 
elementary level. 
#'200 1 (350 pages) 

Volume II - 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) 

PROGRAMMING FOR LOGIC DESIGN 

8080 Programming For Logic Design 
6800 Programming For Logic Design 
Z80 Programming For Logic Design 

These books describe the meeting ground 
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) 

OSBORNE & ASSOCIATES. INC. • P.O. Box 2036 • Berkeley, California 94702 • DEPT. 16 

PRICE QTY AMT 

6001 Volume 0 ­ The Beginner·s Book $ 7.50 

200 1 VoltJmO I ­ Basic Concepts 7.50 

3001A Volume U ­ Some Real Products 15.00 

4001 8080 Programming For Logic Design 7.SO 

SOO I 6800 Programming For Logic Design 7.SO 

7001 ZSO Programming F0t Logic Design 7.50 

31003 8080A/ 8085 Assembly language Programming 7.50 

2 1002 Some Common BASIC Programs 7.50 

22002 Payroll With Cos1 Accoun1 ing 12.SO 

• 6~ 1/2% . SF Bay Area res1den1s only TOTAL 
• 6% , California residen ts ou tside SF Say Area 

• Pavmem mus1 be enclosed far orders ol 
Sales Ta JC (Calif residents only} 

10 books or less. Shippmg Charges
• I h,avt! eni: loscd : 

O check O money order TOTAL AMOUNT OF PURCHASE 

NAME 

AOORESS 

CITY STATE ZIP PHONE 

SHIPPING CHARGES Shipping charges tor bulk orders lo be arranged. 

O 4th class !no charge. allow 3~4 weeks within USA. not appli-cable 10 discounted orders) 

O $ .50 pet book, UPS (allow 10 days) in lhe U.S. 

D $1.50 per book. special rush shipment by air in 1hc U.S. 

0 $3.00 oer book. for eign air mail 

• This. book 1s nm yet ava1lable. 


Please no1 ify me when it is published: Please send information on: 


D 23002 Accounts Payable and Accounts Receivable 0 consignment 


D 24002 G@netal ledge1 0 dealer discount 

0 32003 6800 Asse1nbly Language Programming D roreign distribUIOfS 

F3 
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Circ le 78 on inqui ry card . 

HB®& 
TRS-BO ®SOFTWARE 

OfWER flESC:R IPT ION 

co t1E .
HEATHKIT HS SOFTUA RE 

fienlon Ha rbor E4asic Game s 
1-18- 8GI IHORYTHH, CHOMP, TEASER ' liA HIM 

CRAPS• TRAP, ~J-MATCH(S , NUM ~E~ 

H8-~G2 SNARKr REVERSE, STARS, TAX HAN 
FIPFOPo SLOTS . HURKLEr MUGWUMP 

MIN1MUM F·r,,: t C[ 

SYSTEM £ACH 


flH~-BK f. 10 . 00 

HS - HG! 
HS-HG:! 
H8-HGJ 
H9- HG4 

Machine Laru:luil~e Games 
HaniPula ti on Ga~o~ 
Number Games 
C£Js ino Gam es 
Calculator I Cloe~ 

Cf"ront Poliriol > 
HEH - 4K 
HEM- 1\ K 
MEM-4K'. 
HE H-4K 

uo.oo 
'10' 00 
'10' 00 
• to .oo 

HS-COflE 
Mac l'l1rn-:? Lan!lua!le Pro!1ranis 
Harn Code Pr ac ti ce f'rosra11, 
<Front Pan.e l l Te r11iinal Vers i ons> 

HEH- 4K 
if\'M--4K 

i JO .oo 

HS-tONG 
HS-D! St! 
HB-ECJUC 

Kingdom Ga11e 
Pro9raf111 Disasse111bler 
Educatof'- 9080 Teaches. 111ach 1ne 

TRH- 41\ 
TR H- 4K 
TRH-4 1\ 

• t0 . 00 
..o.oo 
'10.00 

Prosram~ 1ns interactiYel~ 

R A~! O SHACK.TRS-80 
Leve l One 

50F TUARE 
Bas1c Ga n1es and F'rcsrarr.s 

R8-8Gl 

R8-BG2 

IHORYT HMr CHOMP , TEAStR , &AlUM 
CRAPS • TRAP , 23-HA TCHE5 1 NUH~E~ 
SNARl\1 REVERSE• ST ARS • TAX MAN 
f IPFOP r SLOTSr HURKLE r MUOUUMP 

LEGENim: 8HB -9t( • HB+8K+H9/HJ6 
MEH -4t( e H8+4K ONLY 
TRri-41'\ ~ H9+4ti: +H9 /H36 
L l~-4~ ; T~5-S0+4K 

U~~a ~cn tc n 
Usl!s F"ront 
(nternc l i ve 
Uses LeY~l 

L1E!- 4t( 'to 10 ,00 

L 1B-"1 t( tl0. 00 

H'a rtio r Basic 
Panel 

t.tiru Tt:!' rmirra> l 
I Basic 

l nc ludes: Cas'.iel le' Source l ist ins ' and User Do c v111ent°"t i cr1 
~heck, f1 on£1'!1' Or-di?f' r £1AC/VISA r M<1 ~ t1£1 r-C hg - NO COOs 1 

----;::Q'rei!ln orders in US f1Jndsr Pl us $ ! US/Cassette f'osta!:le 
ShiP1r1enl : In se aue r1c e il!i recei..,.t:!-d b~ UPS or l s l Cla'!is Hail 
o;ar;;:-Tnouiries I nvited; Pro .!:l raa1 Ccr. t ributi an s Soli cited 

Hi Sht:!'s l Ro~a l t.ies Pa i d 

Multi-Miera Med ia Ca r~. , ~ .O. Dox 10~5, Arv~dar Co l o . 8000 1 

•	 Completely compat ible with your IMSAI, A LTAIR* 
SOL •• or other S-100 microcomputers. 
Trademarks of *M ITS, * *P rocessor Technology 

• 	 Designed fo r use on the dial telephone or TWX 
networks, or 2-wi re dedicated Iines, meets all 
FCC regulations when used with a CBT coupler . 

• 	 A ll digital modulation and demodulation with on 
board cy rstal clock and prec ision filte r mean that 
NO ADJUSTMENTS ARE REQUIRED 

• 	 Bell 103 standard frequencies 
• 	 Automated dial (pulsed) and answer 
• 	 Originate and answer mode 
• 	 110 or 300 BPS speed select 
• 	 Complete se lf test capability 
• 	 Character length, stop bit, and parity 
• 90 day warranty and ful l documentation 

PRICES Bare Board and Manual 49.95 
Assembled (48 hour burn in) 279.95 
Master Charge or Visa accepted. 

DC Hayes Assoc. 


inputs it had availab le at any insta nt and 
output th e resu lt. When the input from any 
of its information sources changed, the 
output wou ld change. With a processor and 
a RO M to re presen t each cell, such th ings 
as the weighting of percentage input from 
an ALMOST gate action , and the continuous 
alter·ation of output on th e basis of the out­
pu t of lateral neighbors, are simp le . Such a 
system would be fast, powerful, and in ­
credibly expensive. Let 's say we opted fo r 
a minimal sys tem ru nning 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 approx imately 
unity, so we wind up with about 4,000 
highest echelon feature ex tractors. (Not 
bad; that means the sys tem can recognize 
4,000 different complex stimuli. ) Then let's 
say we want to carry the analysis to a depth 
of five ech elons. (That determines the com­
plexity of the stimul i which can be extracted 
by the highest level. Remem ber that the 
brain on ly took four ech elons to get to the 
complex field ce ll. Hypercomplex cel ls 
can handle some very advanced ex traction 
problems.) At th is point, however, we a1·e 
talki ng about 20,000 processors. Even at 
8008 pr ices, 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 firs t 
step might be to have single processors at 
each echelon doing the work of many, even 
al l, of the 4,000 elements at that eche lon. 
Suppose we could update the output of a 
single simulated element in 100 µs. That 
means we cou ld do all 4,000 in each echelon 
in about half a second. That's not too bad; 
it's stil l pipelining the processing fro m eche· 
Ion to echelon, so the system wou ld see a 
picture updated every half second wi th a 
(Yi second x number of echelons) delay be· 
tween the stimu lus event and the fi nal 
analysis. Even if we pu ll ed some information 
off the pipe line early for rapid action, 
however, it's stil l too slow for· real time 
work. (If you ever have the equipm ent at 
hand, try playing catch in a room il lu­
minated with two per seco nd strobe light 
flashes. Anything below ten per second gets 
difficu lt.) Two complexities also ap pear 
when we try to update the simu lated ele­
ments of an echelon serial ly. One is that the 
program for each eleme nt 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, inclu ding the ones 
you haven't gotten to yet in the cur ren t 
pass . With only one pass across the array 
per upda te, a "la tera l lag tim e" error wou ld 
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THESSB•fSO 

FLOPPY DISCOUNT 


Affordable 
The tribe at Smoke Signal Broadcasting took our 
BFD-68 d_i sk system and scalped the price, but 
not the features to create the ABF0-68 (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 BF0-68 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 Ed itor, 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 ABF0-68 contains all the built in reliability 
of our regular BFD-68 plus you save money by 
supplying your own cab inet 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 


• 	 S100 Bus Compatable • lne><pensive 

• 	 40 Characters Per Line • Reliable 

• 	 90 Lines Per Minute • Dependable 

• 	 Crisp Clear Copy • Attractive Cabinet Included 

• 	 Software Controlled • Complete with Software 

Type Fonts - Script - E>Camples 8i Instruction• 

Jus1if ication - Generate • Uses Plain Paper 


Any 7 Dot Matri>C • Kit $375 


Symbols or Characters 


$426.80 COMPLETE (Assembled) 

l>ISKETTE JNTERFAt:f; 
• 	 S100 Bus Compatable • $225 COMPLETE 

• 	 U•s FD1771 With • M inifloppy Drive $355 e1ch 
On-Board Crystal • SASOO Drive $595 eech 

• Simple· easy to program • SA801 Drive $610 uch 
e Handles up to 4 Drives e 1 K On-Board PROM and 
e Jus1 Plug in Interface, CP/M Software $100 

Hook Up Drive and Run Your Program 

VISA · MASTER CHARGE · CHECK · MONEY OR DE R 
GEORGIA RESIDENTS ADD 4 % SALES TAX 

CENTURY DATA PRODUCTS, INC. 

1758 TULLY CI RCLE NE I ATLANTA , GEORG IA 30329 


404/325·7878 


THE BETTER BUG TRAP 


Alta ir/IMSAI compatible board ca tches program bu gs and 
provides ti mi ng for real·time app lications. 

Four hardware breakpoint addresses. Software breakpoi n ts 
o nly p oss ihle ar instr u ctions in RAM. Better Bug Trap 
bre ak po inrs ca n be in ROM or RAM, and at data or 
i n str uc t i ons i n 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 
you r subroutine an y where in memory, not a AST! 

Addressed as memory. All para meters se t easi ly by software. 

A II 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 
warr;nty . Shipped UPS. Deli very from stock. 

fli ~0~0~12~5ic1i htt. 

RALEIGH. NC 27605 

be introduced. Correcting this with the 
simple expedient of iterative passes takes too 
lo ng. Furthermore, you have to carry some 
information in scratch pad. How far do yo u 
want elements to be ab le to in teract later· 
ally? Fo r most purposes, a few elements 
away might do, but for some tasks such as 
mot ion detectors, the brai n converges out· 
puts from widely separated elements . Lateral 
inte raction among these is prnbably best 
ignored in our hypothetical simple system. 
Presum ably, some optimization could be 
fo und in which several processors sim ul ated 
eac h echelon, each one hand ling a number of 
elements serial ly. 

A different approach to tradi ng speed 
for cost would be to have al l your available 
processors sim ulate the elements of a single 
echelon, store the result, switch programs 
and simu late the next echelon, then the 
nex t, etc . This way you get thrnugh each 
echelon faste r because a complete update of 
an echelon is di vided among more prnc­
essors, and fewer eleme nts simulated serial ly 
per processor· means you fi ni sh quicker. 
However, with this scheme you lose the 
pipelining feature of t he system, since a new 
input byte has to wait unti l the last byte 
gets all the way through before the system 
can start to deal with it by sim ul ating 
ec helon number one agai n. 

These notions of course do not exhaust 
the approaches to the problem, and I didn 't 
prom ise to solve it for you, but they illus­
trate some of the kinds of difficult ies we 
can ex pect to have to overcome. (Actual ly, 
I have some more advanced ideas on the 
subject, but you' re not go ing to hear about 
those un ti l somebody offe r"S me a vice 
presidency for Psycho-cybernetic Arch i­
tecture!) The best approach may wel l not 
invo lve replicating the detailed features of 
the brain's processin g steps in recod ing the 
sensory inpu t. What does seem worth 
study however is the general logic of the 
ap proach. Spec ifica lly, this wo uld include 
such items as: ways of eliminati ng redu ndant 
informatio n, the logic of using selected 
feature extractors as building blocks at each 
stage of the perceptual process, the elim in a­
tion at each level of restrictio ns such as 
position on the general ity of the featu r·e 
encod ing line, and the use of the ALMOST 
gate co ncept to prnvide continuously 
var iab le levels of str ingency in the encodi ng 
process.• 
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Hube l , D, "The V isual Cortex of the Brain," 
Scienrific American. November 1963. 

Karner, N (trans), Current Problems in N eurocv· 
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The Electric Pencil II is a Character As text is typed in and the end of a 
Oriented Word Processing System. This screen Line is reached, a partially 
means that text is entered as a completed word is shifted to the 
continuous string of characters and is beginning of the following Line. 
manipulated as such. This allows the Whenever text is inserted or deleted, 
user enormous freedom and ease in the existing text is pushed down or pulled 
movement and handling of text. Since up in a wrap around fashion. Everything 
Lines are not delineated, any number of appears on the video display screen as 
characters, words, Lines or paragraphs it occurs which eliminates any 
may be inserted or deleted anywhere in guesswork. Text may be reviewed at will 
the text. The entirety of the text by variable speed scrolling both in the 
shifts and opens up or closes as needed forward and reverse directions. By using 
in full view of the user. The typing of the search or the search and replace 
carriage returns as well as word function, any string of characters may 
hyphenation is not required since Lines be Located and/or replaced with any 
of text are formatted automatically. other string of characters as desired. 

When text is printed, The Electric Pencil II automatically inserts carriage 
returns where they are needed. Nllllerous combinations of Line length, page Length, 
line 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 cne pass. 

NEW FEATURES:*** CP/M Compatible*** DiskNowonCP/M Operating System Supports Two Disk Drives *** Simple 
File Management *** Quick and Easy Disk Storage and 

You've probably seen Retrieval *** Dynamic Print Formatting *** l"lllticollllln 
The Electric Pencil in Printing *** Print Value Chaining *** Page-at-a-time 
action by now. It's the Scrolling*** New Bidirectional f"ultispeed Scrolling 
most powerful 8080/Z80 Controls *** New Subsystem with Print Value Scoreboard 
character oriented word *** Autcxnatic Word and Record t-«.Jmber Tally *** Cassette 
processor on the market Backup Capability*** Full Margin Contr·ol *** 
today. Michael Shrayer is End-of-Page Control *** Non-Printing Text Conrnenting 
now proud to present the *** Line and Paragraph Indentation*** 
new Electric FUlcil ll. Centering, l.tlderlining and 8(lJ) FACE 

The Electric Pencil II is now available on CP/M. Standard printer versions $225. 
Diablo printer versions $275. 

System Hardware MUST include: 

8080 or Z-80 Based Microcarp..rt:er 
Printer (Diablo Hy-Term, TTY, etc.) 
Video Display CVDM-1, VTI or sa.J 
CP/M &q:>orted Disk System or ••• 
North Star Mini-Fl~y Disk or ••• 
Cassette Interface (Tarbell or Sa_) 

The Electric Pencil I is still available for non CP/" users as follows: 

ID
SS 

MICHAEL SHRAYER SOFTWARE 
3901 Los Feliz Boulevard 
Los Angeles, CA 90027 

(213) 665-7756 

-
Versions Printer Video Interface/Mass Storage Price -
SS,SV,SP TIY or similar SOL/Cuter,VDM-1/Tarbell,VTI/Tarbell $100. 

SSN, SVN, SPN TIY or simi Lar SOL/NStar,VDM-1/NStar,VTI/NStar $125. 
DS,DV,DP Diablo Hy-Term SOL/Cuter,VDM-1/Tarbell,VTI/Tarbell $150. 

DSN,DVN,DPN Di ablo Hy-Term SOL/NStar,VDM-1/NStar,VTI/NStar $175. 

Demand a demo from your dealer! 
Circle 103 on inquiry card . BYTE .\t;rd1 1978 109 



Our MacroFloppy™ 
goes twice the distance. 

Introducing tl1e Micropolis MacroFloppy'" ·1041 and :1042 disk drive sub­
systems. For the S-100/ 8080/Z-80 bus. Packing 100% more capacity into a 
5~-lncl1 floppy disk than anyone else. 143K bvtes. to be exact. For as little 
as $695For$695. 

Tl1e MacroFloppy:1041 comes with the Micropolis Mod I floppy packaged 
inside a protective enclosu1·e (Without power supplyJ. And includes an 5-100 
controller Interconnect cable. Micropolis BASIC User's Manual. A diskette con­
taining M1cropolis BASIC, and a compatible DOS with assembler and editor. 
Tl1e 1041 is even designed to be used eitl1er on your desk top, or to be inte­
grated rig l1t into your 5-100 chassis. 

Tile MacroFloppy:1042 comes with eveivthing 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 rig ht at home just about anywl1ere 

Both MacroFloppy systems are fully assembled, tested, burned-in. and 
tested again For zero start-up pain. and long term reliabi li ty. They're also 
backed up IJY our famous Micropolis factory warranty. 

And botl1 systems are priced just right. 5695 for tl1e MacroFloppy:1041 
and 5795 for the MacroFloppy:1042 

You rea lly cou ldn·t ask for anyrhing more. 
At Micropolis. we have more bYtes 111 store for you . 
For a descriptive brochu1·e. in the U S. call or write Micropolis 

Corporation. 7959 Deering Avenue. Canoga Park, Cali fornia 91304. Phone 
(213! 703-1121 

Or better vet, see your local dealer. 

MICROPOLIS™ 
More bytes in store for you.Circle 70 on inquiry ca rd . 

Chess and Computers by David Levy, Com­
puter Sciences Press, Potomac MD, 7976, 
745 pages. Paperbound, $8.95. 

Chess and 
Computers 

If you enjoy playing chess, then you 
shou ld thoroughly enjoy Chess and Com­
puters by David Levy. This 145 page paper­
bound book is loaded with chess games 
played by cornpu ters. The games are 
computer versus computer and computer 
versus human. When you settle down with 
this book, i t 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 
comments by the author, and adding your 
own comments. 

The initial chapter recounts two of the 
early (1700s) so-ca lled chess playing 
mach ines. The automaton chessplayer 
developed by Baron von Kempe/en is de­
tailed with much emphasis placed not only 
on the sham i t produced, but al so on the 
mechanics of the machi ne itself. The chess 
playing machine of Torres y Quevedo is also 
discussed in th is 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 entitl ed " How Computers 
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Enclosure. All cabling. A new BASIC 

. 

MetaFloppy™ goes 
The Micropolis Meta Floppy"' gives you more than four times tl1e capacity of 
anyone else's 5){-i nch floppy, Because it uses 77 tr·acks r nstead_of tl1e usual 3 5 

The field-proven MetaFloopy, witl1 tl1ousancls of unrts delrverecl, comes 
in a complete family of models. And. like our MacroFloppy"·' famrlv of drsk beyond.drives. MetaFloppy is designed for- the S-100/ 8080/ Z-80 bus. _ 

For maximum capacity, choose our new MetaFloppy:1054 syste_m Wl11cl1 
actually provides you with more th~n a mill ion bytes of reliable 011-lrne stor­
age. For· less money tl1an you'd believe poss1IJle. . 

The MetaFloppy:1054 comes complete witl1 four dnves 111 dual config­
uration. A controller. Power supply Chassis_ 
software package And a DOS with assembler and editoi: Tl1ere·s even a bu rl t­
in Autoload ROM to eliminate ti r·esome button pusl11ng. 

If that's more storage t11an you need rigl1t now. try our 
MetaFloppy:1053. with 630.000 bytes on-line. Or· our Meta­
Floppy:1043. witl1 315.000 bvtes on-line. Eitl1er· wav. vou can 
expa nd to over a mi llion bytes on-line in easy stages. when you 
need to. Or want to. 

In otl1er wor·ds, if your application keeps growing, we've got 
vou covered. Witl1 MetaFloppv.

Tl1e system t11at goes beyond tl1e floppy, . _ 
For a descriptive brochure. in the U.S. call or wnte M1uopohs 

Corpora tion. 7959 Deering Avenue, Car1oga Park. Callfo1111a 91304 
Pl1one 1213) 703-1121. 

Or better· yet, see your local dealer-. 

MICROPOLIS™ 
More bytes in store for you. 

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 squ are 
occupation ; mobility and quantity of 
pieces; and the subtle featu res which make 
the difference between a good and a poor 
chess player. Any good chess player knows 
that the secret to winning involves th e 
ability to look ahead throughout the game. 
In this way, the player is in a position to 
gauge future game conditions and the ir 
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 in cludes 
many details of this important aspect. 

Chapters 3 and 4 are historical in tha t 
they recount the early and modern eras of 
com pu ter 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 especiall y 
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 we ll 
worth reading twice. As you read and play 
the games I isted in these two chapte rs, you 
can see th at the programs are improved 
as they gro w in age and wisdom. 

There arc more interesting games in 
chapter 5. Since th is chapter deals with 
computer chess tournaments, you would 
expect to see the better games played by 
computer. You won't be disappointed. The 
last two chapters concern themse lves with 
future developments in the area of com­
puter chess. Levy also takes time to men ti on 
his bet that no computer program will be 
able to beat him by 1978. 

This book offe rs something for the chess 
player as well as for the computerist. The 
games are nume rous and the remarks are 
good. The compu ter ja rgon is in te resting 
and nontechnical. 

Len Gorney 
Bo>< 96 RD 1 

ClarksSummit PA 18411• 

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 

at a price you didn't expect from a 


company that understands systems. 
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THE VISTA550 
PPY 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 VSO 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 kaboodle 

The $649 you spend on a Vista VSO Floppy 
Disk System ($749 assembled) gets you every­
thing you need: 

An SOK byte minifloppy drive (assembled and 
tested) that can be powered directly by your 

8080 or Z-80 computer. (Case and power 
supply optional.) 

An 1/0 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 

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 VBO 
at your local computer store 
Drop by your nearest computer store and run 

the VSO 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 orden 
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. 

Vi.1ta 

We never forget it's your pocket. 
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About the Author 

Dan Fylstra is a graduate of Massachusetts Institute of Technology and a 
second year student in the MBA program of Harvard Business School, con­
centrating in marketing. His background includes extensive work with high 
level languages including authorship of the PLM/6800 compiler for Inter­
metrics Inc, and consulting on the HAL/S language and compilers for NASA 
and the European Space Agency. His equipment now includes a KIM-7, pn 
OSI system, PET 2007 and Radio Shack TRS-80. 

User's Report: The PET 2001 


Dan Fylstra About a year ago Commodore Business 
22 Weitz St # 3 Machines Inc, a well-known maker of pocket 
Boston MA 02134 calcu lators, startled everyone in the personal 

compute r industry by announcing its PET 
computer, a self-contained unit with key­

Photography by Dan Comly 
board, disp lay, cassette drive and built-in 
BASIC fo r $495. The announcement was 
greeted with considerable enthusias m and 
skepticism, for Commodore obviously was 
stretchi ng the state of the art in technology, 
manufacturing and mass distribution. 

Photo 7: A view of the Commodore PET, Model 200 7. This personal com­
puter sells for $595 and includes a keyboard, video display, cassette drive, 
4 K bytes of programmable memory, and a BASIC inte1preter and operating 
system in 14 K bytes of read only memo1y. 
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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 
capabi lities, expandability, avai lability 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 th ese issues. 

I ordered a PET a few days after the 
finished produc t was shown at the Nation al 
Computer Conference in Dallas TX last 
j une, and hence I received one of the 
early units (apparently number 17 off th e 
production line) without a comp lete 
user manual describing everything the 
PET can do. By the time th is is prin ted 
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 litt le 
documentation. I have not been able to 
test some of the PET's many features, in 
particul ar the expansion options, due to 
the dearth of information from Commodore. 
For a more complete pictu re, talk to you 1· 
computer dea ler and, if possible, to othe1· 
PET owners before you make a pur·chase 
decision. 

General Specifications 

Photo 1 illustrates the attractive overall 
appearance of the Personal Electronic 



4800 BAUD CASSETTE RECORDER 
An ASYNCHRONOUS NR2 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 specie.I order). Can use high quality audio casset tes (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 6800 CONTROLLER for SWTP 
MIKBUG with 1 K of ADDITIONAL ROM PROGRAM. 

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 AClA 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 3M3A 
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 MlKBUG 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 280 system controller. It provides the terminal 
l/O (RS232, 20 mA, or TTL) and the data cartridge 1/0, plus the motor controlling 
parallel l/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 NR2 modes with suitable recorders and interfaces. 

This is Revision 7 of this controller. This version features 2708 type EPROM's so 
that you can wri te 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 SlOO bus computers using 8080 or 280 MPU's. Requires 2 MHz clock 
from bus. Cannot be used with audio cassettes without an interface. Cassette or 

2SIO (R) CONTROLLER cartridge inputs are RS232 level. 

$190.00 ($160.00 Kit) AVAILABILITY - Off the shelf. 

80 BOARD for SWTP COMPUTER : Now you can use the 8080/280 software programs in your SWTP 6801 
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. ~ 
0 VERSEAS: Export Version 220 volt 50 hz. Write factory or: Megatron ·Datameg, 8011 Putzbrunn, Munchen, Germany; N ippon Automation 
5-16-7 Shiba. Minato-Ku, Tokyo, Japan; H obbydara, FACK 20012, Malmo, Sweden; G. A sh bee, 172 lfield Road, London SW 10-9ag: Trin ­
cronics, Ltd., 186 Queen Street W., Toronto, Ontario, Canada; EBASA, Enrique Barges 11, Barcelona 14, Spain; ARIES, 7, rue Saint Phillipe du 
Roule, 75008 Paris; Micro/em 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. 

~ati()nal Multiplex (:(),-p()r-ati()n 
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. 

Transactor, Mode l 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). Th e 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 
al l yo u need is a wall socket to power up 
and start typ ing in BASIC programs. 

A powerful BAS IC interpreter and an 
operating system presently supporting multi­
ple external peripherals are built into the 
PET's 14 K bytes or read only memory. The 
basic PET for $595 includes an add itional 4 
K bytes of programmable memory, which 
ho lds your currently running BASIC pro­
gram and data. An expanded model for $795 
includes 8 K bytes of user memory (the 
max imum amoun t of me11101·y inside the 
standard cabinet). Th anks to the effic ient 
encod ing of BAS IC statements (see below), 
even 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 

ca lculator chips and other silicon require­
ments, the PET is based on the MOS Tech­
nology 6502 microprocessor. This may not 
be of much sign ificance to the casual user 
since the machine is primarily designed to 
be programmed in BAS IC, 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 wh ich presents 1000 characters , ar­
ranged in 25 Iines of 40 characters each. The 
display is memory mapped (ie : continuously 
read out of a section of programmab le mem­
ory separate from the BAS IC program and 
data memory), and is easily controlled from 
BAS IC 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, whic h 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 
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CP/ M™ LOW-COST MICROCOMPUTER SOFTWARE 

CP/M'" - Microcomputer C ontrol Program 

CP/ M'" is a time-tested diskette operating 
system for Intel 8080 or 2ilog 2-80 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 2-80 computer system 
using our "CP/ M Alteration Guide" which 
gives the step-by-step procedure for tailoring 
CP/ M to your specific equipment. 

MAC'" - C P/ 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 LO CAL symbols, and MACLIB for macro 
library access. Macro libraries are included with 
MAC for assembling 2-80 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 G uide" 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'" - C P/ 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: 
D CP/ M'" System Diskette and Documentation (Set of 6 

manuals) for $100. 
0 CP/ M'" Documentation (Set of 6 manuals) only for $25. 
D MAC'" Diskette and Manua l (CP/ M'" Serial No. 

______) for $90. 
0 MAC'" Manual only for $15. 
D SID'" Diskette and Documentation (CP/ M'" Serial No. 

______) for $75. 
D Send more information on CP/ M high level languages and 

optional packages. 

DI [),IJ,TflL AESEflACH 


NOTE: Due to the proprietary nature of CP/ M'" software, please 
enclose your CP/ M Serial No. when ordering MAC or SID without the 
CP/ M diskette. 

D BankAmericard No. Exp. Date 
0 Master Charge No. ________ Exp. Date 
D Check or M.O. enclosed. 
California residents add 6% sales tax . 

Total amount enclosed--------------- ­Name _____________________~ 

Address --------------------~ 
City ----------- State ___ Zip 

Post Office Box 579 • Pacific Grove, California 93950 

Circle 39 on inquiry card. 
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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. Th e playing card 
illustrates the use of the reverse field option. 

commodore Radio Shack 

PET TRS-BD 

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 BK PETs and 4K TRS-BOs (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. 

1v/S4· ·· Personal Software™ !-­llllllilm•lP.O. Box 136-83, Cambridge, MA 02138 I ___ 
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 
th is sort than for plotting mathematical 
fu nctions. 

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 
al phabetic 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!) This is illustrated in photo 4. 
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Photo 4: An illustration of 
upper and lower case letters 
on the PET. 26 of the 
64 graphics characters can 
be exchanged for lower 
case letters by altering an 
address line on the char­
acter generator read only 
memory. 
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Keyboard 

A much cr iticized feature of the PET is 
the design of the keyboard itse lf. It is a 
calculator style keyboard rather than a true 
typewri ter keyboard. The keys are smal l 
and fl at (about a half inch square and a 
quarter inch deep). They are tightly pac ked 
next to each other and are arranged in vert i­
cal rows rather than the slanti ng rows used 
on a typewriter keyboard. Al though the 
alphabet fo llows the usual typewriter layout, 
the PET keyboard real ly cannot be used fo r 
touch typing because of the size, depth and 
spacing of the keys. The keyboard is said 
to be reliable and long las ting, but I did find 
that the space bar would not register correct ly 
unless it was pressed squarely in the mid dle . 
Certainly the keyboard lowers the cos t of 
the unit somewhat, and Commodore points 
out that thei r keyboard provides a larger 
number of keys and hence more graph ic 
characters, but it is definitely more difficu lt 
to use. As a resu lt many personal computer 
users may try to inte rface a separate type­
writer style ASC II key board to t he PET. 

A BASIC program can obtain input of 
numeric quantities and character strings from 
the keyboard using an INPUT statement. 
But Commodore BASIC also inc lu des a GET 
statement, which allows the progra m to cap­
ture each key fro m the keyboard as it is 
pressed without the scanni ng, editing and 
conversion normally performed by the 
BASIC system on input. This feat ure makes 
it easy to impl ement interactive keyboard 
games. 

Cassette Drive 

Also bu il t into the PET's cabi net is an 
audio cassette recorder, which can be used 
fo r sav ing and loading programs and data. 
This device is hand operated much like an 
ordinary cassette recorder , but the motor 
can be started and stopped under software 
control, and the state of the manual switches 
can be sensed to a limited extent by soft­
ware (ye t th e PET wi ll stil l try to save a pro­
gram on cassette if you've pushed PLAY 
instead of PL AY and RECORD) . The cas­
sette drive is said to be "mod ified by 
Commodore fo r much higher reliab ili ty 
of recording and record retention. " The 
exact recording method used by the PET is 
not ye t documented , but it appears to 
operate at a speed in the range of 1000 to 
1400 bits per second. Because al l in forma ­
tion is recorded redu ndan tl y, the effective 
data transfer rate is about half this much. 
Bu t the redundant recording enables the 
PET to detect and correct many recording 
errors. In my experience, data storage on th e 
PET cassette drive has been remarkably re­
liable and trouble free. 

Operating System 

An elegant cassette operati ng system 
in the built-in read only memory supports 
named tape files of both programs and 
data, with file names up to 80 characters 
long. A SAVE command writes a program 
onto a tape cassette, and the thoughtful ly 
provided VER IFY command can then 
be used to reread the program from cas­
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sette and compare it to the program still 
in memory to verify that it was written 
successfully. This is an essential feature 
when dealing with audio cassettes, if only 
for the user's peace of mind . A LOAD 
command will search down the tape for a 
named program and then load it into 
memory. Simi larly , a data file, written on 
tape from BASIC by means of OPEN, 
PRINT# and CLOSE statements, can be 
searched for and read by another BAS IC 
program using OPEN and INPUT# 
statements. 

With a little care, programs can be 
chained together: a program segme nt in 
memory can automatically load the next 
program segment from cassette and con­
tinue execution. I was able to do th is by 
placing LOAD and GOTO statements 
(separated by a colon) on the same BASIC 
I ine; the old program segment seems to be 
completely erased and rep laced by the 
newly loaded segment, but data values are 
preserved . 

The PET's built-in operating sys tem is 

Data Types: 	 Real numbers (eg: Al. integers (A%) and strings (A$) of up to 73 characters. 

Arrays: 	 Any number of arrays of reals, integers or strings with any number of 
dimensions . 

Pracision: 	 Ten significant digits for rea l numbers. 

Speed: 	 Executes the loop 10 FOR 1=1 TO10000, 20 NEXT I in about 15 seconds. 

Statements: LET GOTO D IM 
READ IF . .. THEN REM 
DATA FOR ... TO ... STEP DEF FN 
RESTORE NEXT RUN 
PR INT GOSUB CONT 
INPUT RETURN NEW 
GET ON .. . GOTO LIST 

ON ... GOSUB CLR 
STOP 
END 

Operato rs : AND 
+ <> OR 

>= NOT 
<= 

I > 
t < 

Built-in ABS SIN FRE LEFT$ 
Functions: INT cos TAB R IGH T$ 

RND TAN SPC MID$ 
SGN ATN POS CHRS 

LOG Tl ASC 
EXP Tl$ LEN 

ST VAL 
STR$ 

Other SAVE OPEN PEEK 
Featu res: LOAD CLOSE POKE 

VERIFY PRINT# USR 
INP UT# SYS 
GET# WAIT 

CMD 

Table 7: A brief summary of the features and performance of Commodore 
BASIC. The BASIC interpreter was developed for Commodore by Microsoft 
Inc, Albuquerque NM, designers of the original A ltair BASIC. According 
to Commodore's engineers, the PET's BASIC actually includes some addi­
tional features not documented in the preliminary users' manual, from which 
this information was taken. 
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capab le of handling multiple cassette drives 
and apparently other peripheral devices 
as we ll. A second cassette drive interface 
is in fact included in the basic PET. 

Commodore BASIC 

Table 1 summarizes the featur·es of the 
powerful BAS IC interpreter built into the 
PET Commodore BASIC, developed by the 
folks at Microsoft who brought you Altair 
BASIC, features real numbers, integers 
and strings, multidimensional arrays, a full 
set of mathematical functions, and a variety 
of extensions for string handling, input and 
output on external periphera ls and machine 
language access. 

Commodore claims that the PET's BASIC 
is at least 20 percent faster than other 
microcomputer BASICs, and the tests which 
I have run support this claim. In addit ion, 
Commodore BASIC is efficient in its use 
of memory , for it encodes BAS IC state­
ments as they are entered so that keywords 
such as PRINT and INPUT occupy only one 
byte. Another feature wh ich can save time 
and memory space, especially when large 
arrays are involved, is the use of in teger 
variables (w hich occupy two bytes) in place 
of real variables (which require five bytes). 
Programs are also stored on cassette in 
encoded form . This speeds up the process 
of saving and loading programs, but makes 
it more difficult (especially in the absence 
of documentation) to enter BASIC programs 
from an external device such as an ASCII 
keyboard or a paper tape reader, or to write 
programs, such as macroprocessors, which 
must manipulate program text as data. 

For readers unfamiliar with Altair BASIC, 
the P ET's character string hand I ing funct ions 
arc worth mentioning. LEFT$, RIGH T$ and 
MID$ are used to extract a substring of 
specified length and posi tion from a charac­
ter string. LEN returns the length of a string, 
and VAL and STR$ convert numeric quan­
tities to character string form and vice versa. 
ASC obtains the internal character code for 
a given character, and CH R$ converts a 
character code into a single character string 
for handl ing as such in BASIC. 

Machine Language Access 

The PET user is not restricted to worki ng 
in BASIC, for the PET is designed to support 
entry and debugging of machine language 
programs, and even other langu ages and 
programming environments. The BASIC user 
can examine or modify any memory loca­
tion with the PEEK and POKE statements, 
or call a machine language subroutine via 
the USR function. Some nonstandard 10 
devices can be handled with the aid of the 



WA IT statement, wh ich repetitively tests a 
memory location (such as a PIA port) until 
specified bits are set. Finally, the SYS com ­
mand can be used to transfer "complete 
control of the PET" to a machine language 
subsystem prev iously loaded in to memory . 

According to Commodore's engineers, 
i t is possible to save and load machine lan­
guage programs on cassette, and undoubt ­
edl y an assembler in read only memory will 
be offered some time in the f uture. A 
machine language monitor, similar to MOS 
Technology 's TIM, but uti lizing the PET's 
keyboard and video display, has been 
developed for the PET. It was or iginall y 
intended to reside in the PET's read onl y 
memory, but was squeezed out by other 
software ·and is now loadable from cassette, 
accord ing to the latest word I 've heard . 
As of th is writing, Commod ore has not 
re leased the machine language mon itor on 
cassette, nor any documentation describ ing 
its capabilities. 

Expansion 

One of the nicest aspects of the PET's 
design is the degree to wh ich expansion 
provisions have been built into the basic 
unit. Tl1e main printed circuit board is con­

nected by means of plugs to the keyboard, 
CRT and bui lt-in casse tte . It includes four 
edge connectors which reach the outside 
world through openings at t he base of the 
PET's ca binet. These edge connectors 
provide : 

1. 	A second cassette drive interface 
with read, write, motor control and 
sense I ines. 

2. 	An 8 bit programmable 10 port, 
actuall y the unused portion of an 
MOS Technology MCS6522 Versat i le 
In terface Adapter (VI A). 

3. 	An instrument interface obeying the 
discipl ine of the IEEE 488-1975 
standard . 

4. The 	 microprocessor's address, data 
and control buses. 

Provision for expansion is built into th e 
PET's read on ly memory operating system 
as wel l. The second cassette drive and the 
IEEE 488 instrument interface appear to 
be full y supported by BASIC through the 
OPEN , CLOSE , PRINT#, INPUT#, GET# 
and CM D sta tements. Use of the VI A port 
and the address, data and control buses may 
require some machine language program­
ming, al though much could be done with 
the PEEK, POKE and WAIT statements 

THE ALPHA-1 SYSTEM 
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Photo 5: The PET props open for easy service access. Besides the main 
printed circuit board, the unit contains a TV chassis type circuit board and a 
third board in the cassette recorder. 

in BASIC. Special programming cou ld also 
take advantage of the VIA's peculiar serial 
10 capability . And theoretica ll y, one could 
unp lug the built-in keyboard from the 
main printed circu it board and plug in 
another keyboard and logic interface. 
Again, Commodore to date has not pro· 
vided documentation of any of the expan­
sion options, and I have not been ab le to 
test these features. Bu t I did see th e PET 
driving a programmable oscil loscope in a 
demonstration at a trade show last summer. 
For those interested , the IEEE 488 in terface 
standard documentation can be obtained 
from the IEEE Service Center, 445 Hoes 
Ln, Piscataway NJ 08854, (201) 98 1-0060. 

Application Software 

No application programs were supplied 
with the PET I received, not even a demon­
stration cassette which I had requested . 
Bu t many of the first PETs off the produc­
tion line are be ing delivered to people who 
have purchased one with the idea of deve lop­
ing generally useful application programs. 
Commodore plans to reproduce and sell 
application programs through its dealers, 
offering royalties to the software developers. 

And ir th e PET fo l lows the pattern of othe r 
personal computers, additional systems and 
app lication software are likely to be offered 
by independents as we ll. Many appli cation 
programs in BASIC can be foun d in books 
and in the fi les of large scale computer 
systems. Some of these programs are copy­
righted and most will require som e modifica­
tio n to fit the features of Commodore 
BASIC, but far less effort shou ld be required 
to adapt such existing programs tha n to 
write the programs from scratch . 

The PET has considera ble potential in 
schoo ls and universities, and it appears that 
man y of the currently active software devel· 
opers are especiall y interested in educational 
applications. I wou ld not be su rprised to 
see the PET show up in classrooms an d uni­
versity computer centers across the co un try, 
taking the load off game program burdened 
timesharing systems, and spu rring new 
courses and educational research projects. 

Availability and Delivery 

Initial ly Commodore fo llowed a po licy 
of "cash now, delivery later·" which meant, 
in my case, del ivery on October 11 1977 of 
a PET which I paid for in late June. This was 
nominal ly within Commodore's co ntractual 
obl igation to deliver in 90 days. This situ· 
ation shou ld change, however, as Commo­
dore builds up its manufacturing volume 
and works off the back log of init ial orders. 
As this is writte n, I have heard that a few 
dealers have demonstration units on disp lay 
in the ir stores, and at least one dealer has 
begun accept ing orders on credit cards. 
Someday you may be ab le to buy a PET 
at your local computer store and carry it 
home, bu t until then you should probably 
base your plans and expectations on "worst 
case" estimates of delivery time. 

Warranty and Service 

Service has always bee n a problem in 
the personal computer industry. It repre­
sents an even bigger probl em for Commo­
dore, since the PET will be distributed 
through calculator dealers as well as com­
puter stores, to ordi nary consum ers as wel l 
as to comp uter hobbyists. Commodore's 
ap proach to the prob lem has been to design 
the unit to be serviced as easily as poss ibl e. 

The PET cabinet props open for easy 
access, as shown in photo 5. The en tire 
unit co ntai ns only three individually re­
placeable printed circuit boards. Th e main 
board can be snapped out and returned 
to th e factory or replaced by a Commodore 
dealer. A 1 K byte diagnostic rou tine is in­
cluded in the PET's read only memory, 
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- - -Problems for Computer Solution by 
Steve Rogowski, Teacher Edition. A collec­
1ion of mathematical problems designed 
to stimulate thought and encourage research 
by students towards the goal of a final 
solution. The subjects range from arithmetic 
through calcu lus and on to problems that 
have yet to be resolved . A n analysis of each 
problem provides ideas on logical approa­
ches to a solution, and a sample program 
demonstrates one possible final solution . 
$9.95. 

--- Chemistry with a Computer by Paul A 
Cauchon . People are always looking for 
detail s of applications for the computer. I t 
is one th ing to say " gee whiz wouldn 't it be 
nice if..." but such thoughts are but the 
stimulus to action. One result of a " gee 
whiz " idea is a series of educational and 
tu10r ial BASIC programs for use by teachers 
of chemistry, invented by Pau l A Cauchon 
and published by Educomp Corporation. 
Th is book contains a collection of tutorial, 
si mula tion and problem generation pro­
grams which can be employed to advantage 
by teachers in high schools or colleges 
wherever a BASIC facil i ty is available. If 
you ' re a chemis1ry professor or teache r by 
trade. or just a hobbyist interested in 
chemistry, 1his book will prove to be an 
invaluable tutorial aid. $9.95. 

Take a Byte 


of APL 


---APL-An Interactive Approach Second 
Edition, Revised, by Gi lman and Rose . 
Here's an excellent way to introduce your­
se lf to the APL language. APL is rapidly 
becoming one of the most popular high level 
languages in the computer field because o f 
its clarity and conciseness. Gilman and Rose 
have extensively updated their popular book 
to include the latest information about 
the language and the var ious forms of it 
which are now in use . Since the examples 
are all carefu lly spe lled out, APL-An Inter­
active Approach is particularly recommen­
ded for those who do not have access to an 
APL terminal. Answers to all problems 
are included. $11 .95. 

---The Underground Buying Guide, by 
Dennis A King. Here at last is a source book 
for all those hard to find suppliers! It 's 
designed especially for computer hobbyists, 
experimenters, hams and CB'ers, and ca n 
tell you where to buy items l ike con­
nectors, discrete components, electronic 
music supplies, instrumentati on, ana log to 
digital and digital to analog converters, and 
synthesizers. The list goes on to include 
Teletypes, speakers . microcomputer soft­
ware, cassette units, floppy disks and many 
other items. It w i ll be an invaluable addition 
to your reference library. $5.95. 

---PCC'S Reference Book of Personal and 
Home Computing. Ever try to find the 
addresses of some manufacturers of, say, 
tape cassette or floppy d isk interfaces 
for micros? Frustrating, isn't it? Well PCC 
has done someth ing about it. Th is book l ists 
hundreds of companies and stores selling 
hardware, software, and services. Su rvey 
articles on software, hardware, kits, app li· 
cations and the future for the experienced 
and the not-so-experienced user of micros. 
Also included in this edition are biblio­
graphies for further reference, book reviews. 
and an index of the articles from the major 
hobbyist magazines . $5 .95 
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Photo 6: The PET received 
by the author was de­
livered with several faulty 
memory chips, which led 
to a variety of strange 
effects in BASIC as 
illustrated by this photo. 
The statement numbered 
20464 was not typed by 
the user, and the state­
ment numbered 4120 was 
listed twice by the LIST 
command. After the bad 
memory chips were re­
placed, these symptoms 
disappeared. 

from computer depot 
Now you can gel lhe kits ... and lhe 

manuals ... to tra in yourself in 
Microprocessor Hardware developmenl I
Computer Depot's exclusive "'Kittature .. 

package includes The MMD-1 
Microcomputer system - which 
permits you 10 design your own 

interface in 10-20 minutes - and E & L I
BUGBOOKS V & VI wilh over 60 

experlmenls. 

-~ 

..... 

computer
depot,©inc. Olher educalional "Killa­

L 
ture" is also available. Send 

"MoJdn•£/f;dancyF.conomlcur· for your FREE catalog from 
~:m~~:·Mtn,,...Polls,MNs!SA3s Computer Depo1 today! __.. 

so that with special test equipment th is 
board is "self-diagnosing." The second 
board, for the CRT display, is vir tually 
identical to the same section of a chassis in a 
conventional TV set. Th e th ird board, for 
the cassette drive, is similar to the circuit 
board rou nd in an ordinary aud io cassette 
recorder. 

Commodore believes that th e PET could 
be serviced by a TV repairman eq uipped 
with a brief service manual. It is not yet 
clear, however, just how or wh ether TV 
repairmen might be licensed to repair PETs 
under warranty . Presumab ly experienced 
computer hob byists could read the service 
manual and diagnose prob lems with their 
ow n PETs, requesting repl aceme nt parts 
from the factory, but how Commodore 
might react to this poss ibil ity is an open 
question. Of course, there is always the pro­
blem of latent bugs in the read only memory 
software, which a TV repairman might have 
some tro uble diagnosing. Ser iously, the only 
realistic approach to handli ng software 
problems is for hobbyists and PET dealers to 
document carefully with examples any 
anomalous behavior of their PETs, referring 
the information back to the software deve­
lopers. 

At presen t, however, PETs are being 
serviced on ly at Commodore's headquarters 
in Palo Alto CA. The user must arrange to 
ship th e unit to Palo Alto and must be 
prepared to wait up to eight weeks for th e 
PET to be fixed. 
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Photo 7: The Commodore 
PET 2007 is an eminently 
usable machine, as is illus­
trated by this display of a 
6502 assembler written in 
the machines version of 
the BASIC language. This 
assembler was originally 
written in FORTRAN for 
use on large systems, and 
Implementing it in BASIC 
was a relatively mechanical 
job of translating state­
ments and typing them 
into the PET. 

Although eventually Commodore may 
have a nationwide service network for the 
PET, my informal service experience with 
the early unit which I received has been 
quite simi lar to that reported by owners of 
other personal computers. I was unlucky 
enough to receive a unit with three bad 
memory chips which caused a variety of 
strange effects such as those illustrated in 
photo 6. For several weeks after I received 
the PET I was unable to get anyone at 
Commodore on the phone and was left to 
fend for myself. I suspected a memory 
problem, but my memory test programs 
written in BASIC apparently were not 
exhaustive enough to locate the fa ults. 
Finally John Feaga ns, one of the designers 
of the PET, called me, quickly diagnosed the 
problem and mailed me a machine language 
memory diagnostic program and some re­
placement memory chips. With these aids I 
was able to find and replace the defective 
chips in a couple of hours. 

Conclusion 

The PET may well be an "appliance" 
computer, su itable for the most casual 
computer user or, with appropriate appl i­
cation software, for the average consumer. 
But it is also a powerful tool in the hands of 
an experienced computer hobbyist. The 
options and flexibility built into the PET, 
ranging fro m string handling and machine 
language access to the second cassette inter­

face and the IEEE 488 bus, make it quite 
suitable for expansion and enhancement. As 
a small illustration, desp ite the problems I 
have had with my PET, I have been able to 
debug and put into use several thousand 
lines worth of BASIC programs. Among 
these is a 6502 assembler written in BASIC, 
a program of abo ut 700 lines which I 
orginally wrote in FORTRAN fo r use on an 
IBM 360 and a DECsystem 10. 

For the casual user, the PET is a very 
low cost computer which can be program­
med easily in BASIC, fo r use in schools, for 
playing games and for fair ly complex calcu­
lations in engi neeri ng, statistics and the like. 
A better keyboard, a disk and a reliable 
printer would make it suitable for some 
business app l icat:ions. In Fact, Commodore is 
said to be considering development of a PET 
11 computer which would incorporate several 
of these Features. Whether the PET evolves 
into a general-purpose computer with 
a variety of programming systems and 
peripherals wil l depend on Commodore's 
futur·c moves and on the activ ity of PET 
owncr·s. 

The PET is far from the only alternative 
in the marketp lace today, but it is a strong 
contender. If you arc contemplating a 
purchase, you would do well to compare its 
fea tures aga inst other offerings, talk to 
owners of the PET and other computers, and 
think abou t what you really want from a 
personal computer. I hope that this review 
article will help you in your evaluation.• 
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Continued from page 14 

In conclusion, I would like to say 
that his last point, that his program is 
logically correct, is valid. Inasmuch as 
the purpose of designing before program· 
ming is to produce a logically correct 
so lut ion to a problem, Mr Higgins has 
done well, but he should have stopped 
there. From there on, top-down struc· 
tured programming should have taken 
over. 

Douglas Drury 
31 Brookmount Rd 

Toronto, Ontario 
CANADA 

A COMMENT ON C FOR 

THE DEC 10 


In his article "C: A Language for 
Microprocessors?" in October 1977 
BYTE, J Gregory Madden mentions 
rumors about a C compiler for the 
DEC-10. I would like to direct his 
attention to a technical report from 
MIT. That report is MAC TR-149, "A 
Portable Compiler for the Language C" 
by Alan Snyder, May 1975. The com­
piler described in this report exists on 
the PDP-10 and HIS-6000 compilers. 

Paul Dietz 
Dept of Computer Science 

Cornell University 
Ithaca NY 14850 

WAIT AND C? 

The article "C : A Language for 
Microprocessors?" by J Gregory Madden 
(October 1977 BYTE, page 130) was in 
most respects a well-written tutorial 
revealing the overall flavor of the lan­
guage. However, as one of the imple­
mentors of a new C compiler for the 
DEC PDP-11, I would like to correct 
several important inaccuracies in the 
article . 

Contrary to what is said on page 132, 
column 2, the method for changing the 
value of a variable in the calling function 
is not an "explicit exception to the ca ll 
by value rule," but rather employs a 
pointer argument. 

Structures may not appear as argu­
ments or the returned value of a func­
tion as claimed on page 136, columfl 2; 
but pointers to structures may so appear. 

In the structure declaration on page 
136, column 2, the initialization section 
should appear ofter the structure-name, 
not before it. 

This reader was also momentarily 
confused by the use of "eq uivalence " 
on page 134 to mean assignment of a 
new value to a variable (eg: x =x+l ). 

Mr Madden's astute judgment that 
the C language is appropriate for micro­
processors will soon be vindicated. We 
at Yourdon have just completed a C 
compiler and suitable documen tation 
for the DEC PDP-11 running under 
DEC's RSX-11 operating system, and we 
anticipate offering an Intel 8080 version 
in early 1978. It will soon be transp lan t­
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ed to other DEC systems, includ ing 
RT-11 for LSl-1 ls. What shou ld also 
make Mr Madden happy is that C com­
pilers from Yourdon are implemented 
in the C language and produce op timized 
source code in assembler language for 
the host machine! 

Carroll Zahn 
Senior Staff Consultant 

Yourdon Inc 
1133 Av of the Americas 

New York NY 10036 

ALARMING SYSTEMS? 

In reply to M Barlow's letter in 
November 1977 BYTE, a Universa l 
Alarm Annunciator is availab le from 
S & T Systems. The basic annunciator 
system consists of a microprocessor 
based co ntroller with 96 optically iso ­
lated inputs. Alarm indicat ions are 
displayed on a video monitor with as 
many as 14 alarm ind ications displayed 
at any one time. 

Options availab le include a dual 
drive floppy disk for storing action 
procedures, a printer to produce a hard 
copy record of activities, and a paper 
tape reader for loading alarm messages. 

The system with the disk option se ll s 
for less than $14,000. More information 
can be obtained from S & T Systems, 
1302 Fawn St, Tullahoma TN 37388. 

Joe B Thompson 
S & T Systems 
1302 Fawn St 

Tullahoma TN 37388 

COMMENTS ON APL AND OTHER 
TOPICS- FROM MALAYSIA 

I am one of your new readers. Every 
time I savour your many fine articles, I 
have only one regret, th at I did not 
discover your magazine earlier. 

I have been following the interest in 
APL as evide nced by other readers' 
letters. Might I venture a few of my 
opinions on the matter? 

As for the matter of bin ary repre­
sentation, I believe that the ASCII 
code has one spare bit. This would 
allow up to 128 add itional characters. 
(Or have they been assigned functions 
I don 't know of?) An extra "shift" 
key would control this eighth bit 
directly, allowing the use of existing 
keyboard encoders. I think th at using 
this bit for cursor indication on some 
terminals is sheer waste. 

I may be wrong, but wou ldn ' t an 
8 K EROM like the 2708 suffice to 
decode all characters unique to APL 
for the video display? It could be con­
figured as 64 by 16 by 8 (character 
by row by co lumn) . I count 48 special 
characters incl udin g overstrikes, with 
room for more. Once a standard has 
been established and demand rises, then 
a mask programmed version is no t too 
far off. This shouldn 't set the hobbyist 
back more than $25, perhaps less, now 
that the noncrasable plastic versions are 
in the pipeline. I am neglecting " burn -

Great Locations 

ComputetLaMJ

Now Open: 

3020 University Dnve NW 
Huntsv ille, AL 35805 

674 Dublin Blvd 
Dublin. CA 94566 

·11074 onPo loAvenle 
El Cernlo. CA 9'15 0 

226 Foolh1ll Blvd 
Hoyw rd . CA 945112 

684 Lo C•enego lvd 
Inglewood. CA 90302 

2"1001 V10 Fobnconte. ' 90'1 
M1ss1on 1e10.CA 026 0 

"1233 Convoy Street 
Son Diego. CA 92111 

117 Fremon! Srreet 
So n Fra ncisco. CA 91.1105 

Son Jose CA 

42- 42nd Avenue 
Son Mateo. Cfa. 4'10'.) 

Santo Ros . CA 

71 E Thousond Oaks Blvd 
Thousand O aks. CA 91360 

0.:1 W Firs ~ ireet 
Tustin. CA 92680 

·1 15 Vgnoc10 Volley Rood 
Walnut Creek. CA 94598 

2422 So Colorado Blvd 
Denver. C O 80222 

2'175 Block Rock Turnpike 
Fo1ri1eld CT06.:130 

Astra Shopping Cemer 
Kirkwood Highway 
Newark. DE 19711 

Cumberla nd Square North 
2'123 C obb Parkway !RI 111) 
Smyrna. GA 30080 

50 Eosl Rand Rood 
Arl1ngron Heig hts. fl 60004 

9511 No Milwaukee Avenue 
Niles. IL 606118 

10935 S Cicero Avenue 
Oak L wn. IL 60"15 

813 -B Lyndon Lone 
Lou1sv1lle, KY 40222 

16065 Frederick Rood [RI. 55) 
Rockvi lle. MD 20855 

2927-28th Street SE 
Kentwood. Ml 49508 

29673 Northweslern Hwy 
Southfield. M l 4803'1 

419 Amherst Streel [Rt 101-A) 
Nashua. NH 03060 

2 De Hort Street 
Mornstown. NJ 07960 

1612 Niagara Falls Blvd 
Buffalo. NY '14150 

225 Elmira Rood 
Ithaca. NY 14850 

1288 SOM C e nter Rood 
C levela nd. O H 44124 

3300 Anderson Lone 
Austin. TX 78757 

6439 Westhe1mer 
Houston. TX 77057 

1500 South 336th Stree t 
Parkway Center. Suite 12 
Fe d era l Woy. WA 98003 

Washington. D.C 

52-58 C larence Street 
Sydney. NSW Australia NSW 2000 

·· 
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(201] 539-4077 

(716] 8 6-6511 
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SEE US AT THE WEST COAST COMPUTER FAIRE 
MARCH 3, 4, 5 SAN JOSE, CAUFORNIA 
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Rated[G]

The Best Game in Town. And if your system breaks down. 

Welcome to ComputerLond. 
An Incredible adventure into 
the world of personal 
computers. A one-of-a-kind 
shopping experience. 

Each ComputerLond store 
presents everything you ever 
wonted to know about 
computers. And then some. 

Toke our Gome Room. for 
starters. You ' ll find excitement 
for the whole family in our 
endless variety of challenging 
computer games. You con bottle the Klingons in on 
out-of-this-world game of Star Trek . Create on elec­
tronic work of art with a computer controlled N . Test 
your skill in a game of computerized hangman. 

You con even p lot your biorhythm. 

But we're more than just fun and games. 
Each ComputerLond store offers a 
knowledgeable and person­
able staff of professionals 

to serve you . 
Plus the greatest avail ­

able selection of micro components. Whether it's a data 
processing system for your business or a computer controlled 
sprinkler system for your home. you'll find whatever you need 
at ComputerLond . 

Read on. 

Genuine Service. 

We wont to supply 
you with the one 
system that's right. 
Rother than a com­
plete system that Isn ' t. 
Or a limited system 
that is. 

That's why. at Com­
puterLond. you deal 
with real professionals 
who ore also real 
people. People who 
speak your language 

.. . In addition to BASIC. COBOL or FORTRAN. 

People. in short. who c on offer both the novice and 
the old hand the some expert guidance in selecting 
the optimum system he o r she needs. 

Yet. assisting in the purchase is only the beginning of 

our in-store service deportment 
will get you bock up and 
running . 

Right now! 

Great Selection. 

Your first stop at Computerlond 
may well be your lost stop. 

Computerland offers the finest 
quality and 

largest selec­
tion of all the 

major brand names. 
Like Apple Computer. 

Cromemco. DEC. Dioblo. 
Hazeltine. ICOM. IMSAI. Lear Siegler. 

Notional Semiconductor. North Star, Texas 
Instruments. Vector Graphics and more. 

Plus a complete inventory of tools. books and accessories. 

What's more. at Computerland. we deal in product. Not 
promises. Our Inventory is on our own shelves. Rother than the 
manufacturer's. So you con toke delivery on tomorrow's com­
ponents today. 

Which means. 
simply put. that al 
ComputerLand. you 
get exactly what 
you wont. 

Exactly when you 
wont It. 

Be Our Guest. 

Begin with the 
grand tour of our 
exhibit areas. " Test­
drive" any of our 
individual systems. 

Then tell us your needs. We'll sit down and talk about the system 
that's right for you. It's as easy as that at ComputerLand . 

The great computer store. RATED G. 

Call or write for the address of the Computerland store nearest you. 
Franchise opportunities available. 

Computerlond's service. If the kit you bought requires a 
little more do-it-yourself than you yourself con do. we 
provide assembly assistance. Compulerland'" 
If that complex program proves to be just that. we provide 
programming assistance. 1922 Republic Avenue. Son Leandro. CA 94577 (415) 895-9363 
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Introducing 

Bit Pad. 


The new, 

low-cost digitizer for 


small computer systems. 

Bit Pad is t11e newest product from Summagraphics. the leading 
producer of professional digitizers. It has a small 11-inch active area and 
a small $555 price tag But the list of applications 1s as big as your 
imagination . 

Better than a joystick or keyboard lor entering graphic information. 
it converts any point on a page. any vector. any distance into its digital 
equivalents. I t's also a menu for data entry. You assign a va lue. or an 
instruction to any location on the pad. At the !ouch of a stylus. it 's 
entered into your system. 

Who can use it? Anyone from the educator and the engineer to the 
hobbyist and the computer games enthusiast. The data st ructure is 
byte oriented for easy compatibility with small computers. so you can 
add a power supply. stand-alone display. cross-hair cursor and many 
other options. 

$1 ,000.00 creativity prize. You can also add $1.000 00 to your 
bank account as a reward for your inventiveness. Just write an article 
on an orig inal Bit Pad applicat ion and submit it to any national 
small-computer periodical If the editors publish it - and the decision 
is solely thei rs - Summagraphics will pay you $1.000.00. Contact 
Summagraphics for rules concerning this offer 

ing" the PROM wh ich is the labour of 
love anyway. 

But whatever the fina l concensus, 
please let us have uniformity for the 
common good . Each setti ng up his or her 
own standard would only hin der the 
advancement o f this lovely language 
on micros, not to mention prob lems 
of info rmation inte rchange, etc. 

I must confess that I am not praising 
APL from experience; I have access onl y 
to FORTRAN and BASIC. But from 
what I have learnt of it , I can't wa it to 
get my hands on an APL te rmina l. 
Hass ling with array man ipulation in 
FORTRAN is real ly frus trating. 

Keep up the good work! 

Philip Yap Sue-Ken 
4 Pesiaran Syed Putra 

Kuala Lumpur 08·06 W MA LAYSIA 

MATHEMATICS SURVEY 

BY A READER 


In the personal computer magazines 
have read, I have not see n any refer ­

ence to th e prac1ica l ro le of mathematics 
in computing. Since I have had eight 
years experience in teaching college 
ma thematics, and held an advanced de­
gree in th at subject, I find myself cur ious 
abo ut this aspect. To do rea ll y we ll , do 
yo u need to know any more th an how to 
pu nch the buttons on a cheap hand 
ca lculator? 

This is not a quest ion abou t what 
you need to get started: obviously all 
you need to get started is pat ience ( lots 
of it), hard work and a wil lingness 10 
learn. But does mathematics have a place 
in the growth and development of the 
hobbyist , and if so, how much of what 
ki nd? Are there specific situations where 
math was or wou ld have been a big he lp? 
I am not limiting things to subjects of 
the traditional curricul um , but in cl ud e 
things like binary ar ithmetic, Boolean 
alge bra, mode l theory , statistics, etc . 

In short , I am attempt ing to fi nd out 
what hobbyists are doi ng (o r not doing) 
with mathematics. I am preparing a 
questionnai re, which not on ly has a fe w 
questions but leaves a generous amoun t 
of space for comment on what is , what 
ought to be, or even on how stupid it is 
to fil l out a questionnaire! I welcome 
any kind of response, including insu lts, 
so long as they are in good taste. 

Bennett Sawey 
318 N Maple St # 16 

Truth or Consequences NM 87901 

would wager that y ou will find 
mathematical concepts high on the list 
of "practical theory" embraced by many 
users ofpersonal computers . ..CH 

A COMMENT .. . 

On page 174 of Octobe r 1977 BYTE, 
you pose the problem of determini ng 
whether two num bers A and B are nearly 
equal, to within some smal l range 
DELTA. You further specify that the 
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language in use has no abso lute function , 
and then offer the horrendous solution: 

IF ( (A-B)<o 
and (A-B)>DELTA) 

or ( (A-B)>o 
and (A-B)<DELTA) 

THEN ... . 

A much simpler sol ut ion is: 

IF (A-B)<DELTA 
and (B-A)<DELTA 

THEN .. .. 

or the equivalent: 

IF B>(A- DELTA) 
an d B<(A+DELTA) 

THEN .. .. 

However, even shorter is: 

IF (A-B)t2<oELTA2 
THEN . ... 

where DEL TA2 is DELTA squared. 

Incidentally, in floating point sys· 
terns you never need an absolute value 
function if you have a sq uare root 
funct ion, since SQRT(A*A) will obta in 
ABS(A). The ABS fu nction is a con· 
venicnce, and in some systems may be 
less susceptible to roundoff. 

H Bradford Thom pson 
Dept of Chemistry 

The University of Toledo 
To ledo OH 43606 

But is your proposal ony less a kluge? 
Extracting o square root - even with the 
best algorithm - hos got to be a much 
more obscure calculation than the direct 
one given. 

KOMPUUTAR UPDATES 

FROM DAVID BRADER 


I have received questions from BYTE 
readers regard ing my November 1977 
article on "Ko m puutar." Some o f the 
q uestions are ge ne ral e nough to have a 
published reply for those who thought 
about writing bu t as yet have not. 

About the B K by te dynamic 
memory . . . . The design is complete, but 
duri ng debug I found that the $1 bargain 
chips I bought were not all functional. 
The board requires 16 IMS4060 or 
simi liar chips, but only two have worked 
so far. Until I can afford to purchase 16 
new (ra ther than used) memory chips, 
tlie project is ha lted. The design appears 
to function as intended but I will not 
pub lish or give out informat ion until it is 
complete ly tested. I can say this much : 

1. 	 It is an B K dynamic memory 
system that is self-con tained on 
one 4.5 by 6.5 inch (11.4 by 16.5 
cm ) vec tor card . 

2. 	 It refreshes itself invisibly to the 
rest of Kompuurar. 

3. 	 It uses +5 voe, +12 VOC, and 
-5 voe. 

4. 	 1t uses 4 K by one 22 pin TMS- If these work out over the next few 
4060 memories or sim ilia r. months, I wi ll reconsider committ ing 

5. 	The cost (wire wrap model) with Kompuutar to printed circuit boards. 
new chips is $ 180. Readers have freq uently asked about 

software. The TIM chip has many sub­
have been asked about printed c ir· rout ines which can be tapped if y ou are 

cuits for Kompuutar. I did a cost anal· coding in assem bly language. A 2.2 K 
ysis of the system as designed (ro ugh ly byte Tiny BAS IC is avai lab le from 
$750 with B K of memory and a su rp lus Microcomputer Associates in Santa Cla ra 
rn u ltivo l Lage power supply). and then CA. Other software is advertised in 
a time estimate for the printed circuit publications such as BYTE. 
a rtwo rk. The results caused me to dec ide Talking about T IM, peop le asked 
aga inst putting out the effort for Kom ­ what will interface to it. Any ASCII 
puutar in its prese nt form. I am con· serial input , ASC II seria l output , o r 
sideri ng some modifications to the ASC II parallel input devices, such as: 
design which wi ll be upwa rd compati ble. a Teletype ASR-33 , HP 2644A terminal, 

We've gathered the family to show you why 

PERCOM'sTM Number 1 
in cassette data systems for microcomputers. 

Pardon us for doing a little boasting, but we're proud of our 
family. Proud of each member's reputation for perfor!llance and 
reliability. And pleased that we can offer the best m cassette 
data systems and data terminal interfacing at low, home-com­
puting prices. 

It took more than guts and a little luck to Experience. It's why we developed a 
forge a position of leadership. We're more reliable data cassette for home 
number 1 because you get more when computing. Why our interfacing u!"its 
you buy PERCOM 'M. The reason, sir_nply, provide both cassette an~ data terminal 
is experience. Every product described interfacing. Why you get the fastest, 
in this ad is based on nearly 10 years of most reliable cassette data rates from 
crucial involvement in the design and PERCOM"'. Experience. It's the reason 
manufacture of computer peripherals for PERCOM"'. 
that use cassettes for mass storage. 

·w~-2i_ 
~ 

~ I •• 
For your-dala storage - Pilon·30' " 

CIS·30 + data cassettes 
For vour SS·50 bus computer - the 

• Interlace 10 data lerminal and two cas· For vour S·100 compuler-lhe Ci-812 • Orders·ol·magnilude improvemenl on 
selle recorders wilh a unil only 1110 data inlegrily over ordinary audio cas · • Bolh casselle and data terminal inler· !he size ol SWTP's AC·30 . 	 senes.lacing on one S·IOO bus PC board .

• Select 30 . 60 . or 120 bvtcs per second 	 • Piton-coaled pressure pad ellmina1es
• Interlaces two recorders. Record andcassetle 1n1ertacino . 300. 600 or 1200 	 lint-producing leil pad ol s1andard

playback circuns are independent.baud data terminal Interlacing. 	 audio casseues. 
- Selecl 30. 60 . 120. or 240 bytes per• Oplional mod kils make C1$·30 + work 	 • Smooth piion coaling minimizes erra·

second casselle inler tacing . 110 towilh any microcomputer. (For MITS 	 lie tape motion .9600 baud dala lerminal interlacing.680b . ask tor Tech Memo TM·CIS· 	 • Foam pad spring Is energy absorbing .• KC·Standard/Bi·Phase·M (double Ire·30 + - 09) 	 Superior lo leaf spring mounted padquency) encoded casselle data. De· • KC ·Standard/81-Phase·M (double Ire· 	 which 1ends 10 osclllale and cause liul·pendable sell-clocking operallon .quencyl cassene data encoding . De· 	 ter.
·Optional l lrmware 12708 EPROM)pendable self -clocking operation . 	 • Five-screw case design virtua lly pre·Operating System available .• Ordinary 	 funclions may be accom · eludes delormallon during assemb ly. 

plished wilh 6800 Mikbug•• monilor. • Price ; 52.49 . • Prices: 	 kil, 599.95 ; assembled. 
$129.95 .• Prices : Kit . 579.95 : Assemb led. PERCOM '" products may be purchased599.95 	 Prices include a comprenens1ve instruction trom home compuler dealers nalion·manual. In addition 10 lh• EPROM Operarln~Puces include acomprehensiveinsuucl!on 	 wide , or may be ordered dire cl from lheSys1em. a Test Cassenc. Rtmolc Contfol Kitma11uat . Also availilble: Tt1 sl Cassette. Re · taclory. • 

1 ~g~f~,o~{a~~ec~,~~~~~: ~~~:.rders). ana an IC~~~;d~~~)~~~ ~~c~~[ li i~~~TS ~~og~1l0°J 1 1 
an 

(converts CIS·30 i tor us.e wl1h :1ny com· 	 additional 5% for laclory orders . MC & 
puler) . MIKDUCio Mot orola, in c.. 	 Visa cards honored. 

documcntaoon. Universal Adaptor Kil 	 'Texas residenls must include 

PERCOM DATA COMPANY, INC. 
DEPT. BPERCOM'" 'perfpheralsforpersona/campullng' [ ~EFUJ()MI 318 BARNES• GARLAND, TEXAS 75042 

Phone: (214) 276·1968 
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PCC'S 

lleferenee Book 

of Personal 

and Home Computing 
Ever try to find the addresses of some manufacturers of, say, 
tape cassette or floppy disk in terfaces for micros? Frustrat­
ing, isn't it? Well PCC has done something abou t it. This 
book lists hundreds of companies a nd stores selling hardware, 
software, and services. Survey articles on software, hardware, 
kits, applications and the futu re for the experienced and the 
not -so-experienced use r of micros. Also included in this edi­
tion are bibliograph ies for further reference, book reviews, 
and an index of the articles from the major hobbyist maga­
zines. All for the low price of $5.95, plus 50 cents postage. 

Available through: 

W Master Charge and 
llAHiAl!IRit.IR~ 

BITS, Inc. 6 . I BankAmericard Welcome.
70 Main Street 

Peterborough NH 03458 


In unusual cases. processing may exceed 30 days. 

--A Collect ion of Programming Problems and Techniques, by H A 
Maurer & M R Williams. Here's a book t hat presents you with pro­
blems! Nea rl y 400 of them, in fact: problems in games like chess, 
bridge, and NIM; practical problems such as app licat ions of the law 
of sines, Cramer's rule for sol ving simultaneous equations, and 
app lications of Latin squares to problems in probability; a nd more 
advanced computer science topics suc h as the use of Backus-Naur 
fo rm. One quarter of t he book is devoted to an appendix that gives 
stymied readers hints on how to proceed with solu tions to the pro­
blems. The mos t valuab le feature of the book, though, is its careful 
a nd thorough explanation of the use of algorithms to solve pro ­
blems. No dyed-in-the-woo l programmer or experimenter will be 
able t o read th is book for very long before try ing to solve the 
tantalizing and well-presented pro blems. $13.95, plus 50 cents 
postage . 

BITS Inc 
70 Main StA 


COLLECTION 
 Peterborough NH 03458 
OF 
PROGRAMMING 

PROBLEMS 

AND 
TECHNIQUES 

9 
Use coupon on page 147, writing 
in this books name. 

a homebrew telev ision keyboard ter­
minal, high speed paper tape reader, 
etc, etc.. - . 

Having worked in the d igital e lec­
tronics area for several years, I took it 
fo r granted that anyone could get the 
parts that I could. I goofed! I have 
gotten let ters requesting names of 
sources for some of the parts used in 
Kompuutar. Th is has caused two things 
to happe n. One, I have tried to find a 
source for the "special" parts required . 
Two, I have tried to substitute more 
availa ble parts in the design. 

Two substitutions were decided on. 
T he HP hexadecima l LED displays 
(HP 5082-7340) are rep laced with T l 
L311 hexadecimal LED displays which 
are avai lable and cost less. Th e Intel 
3624-4 PROM is replaced by the Intel 
2704 E ROM. This second substitution 
impacts the powe r supp ly requirements 
and backp lane wiring . With these two 
substitutio ns, I found that Jadc Com · 
pany o f Lawnda le CA (see advertisemc n r 
in November 1977 BYTE, page 243) can 
supp ly all the ICs required, plus program 
the Intel 2704. I am sure other com­
panies can also supp ly t hese items and 
recommend shopping around for the 
best prices. 

The changes to the backplane and 
modifications to wiring, due to the 
substitutions, are ava il able. For t hese 
and a he lpful hints package, send $2 
to the address be low, to cove r the cost 
of Xerox and mailing. 

David Brader 
Ko mpuutar Works Ink 

POB 483 
Electric City WA 99123 

ON COMPUTERS AND DNA 

Have you ever seen a computer re­
prod uce itself? Well, neither have I, and 
that is the crucial difference between 
misapplication of computer technology 
and recombinant ONA research. If a 
computer gets o ut of the laboratory, it 
just sits there. If an organism gets out 
of the laboratory, it might just decide 
to have progeny, and if those progeny 
are pathogenic and can thrive , we're 
in trouble, big trouble. That's wl1erein 
lies the chal lenge of recombinant 0 NA. 
It's the only sc ience that can implement 
itself without intervention of engineer­
ing. Thin k on that. Tha t 's where the 
th reat is. 

I'm writing in respo nse, of co urse, 
to the letter by Mark Blzer in tile 
December 1977 BYTE. 

B I Luberoff PhD 
Editor, Chem tech 

The American Chem ical Society 
48 Maple St 

Summit NJ 07901 

Now That You Bring Up the Sub ject: 

Politically, banning research in a 
given area will only drive the search (or 
truth underground, witness a lo ng series 
of 17istorical martyrs to the under­
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standing of Nature starting with the 
Prometheus legend. The real dangers are 
unknown, in the same way that the 
dangers of alomic energy were unkno wn 
some 50 years or more in the past. Bui 
the potential benefits of genetic en­
gineering mal1e the ris/1 well worth the 
challenge.. .CH 

RAMBLING RUMORS ABOUT Tl 

Recently, in San Diego CA, by one o f 
those rare coincidences, I happe ned to 
fa ll in to conversat ion with a person who 
int rod uced himse lf as a mem ber of T exas 
Ins trumen ts' design section fo r pocket 
calculators. He has read BYTE from day 
one and was fa mi liar with all Tl matters 
therei n , incl uding my lette r about the 
SR-51 worki ng on the PC-1 OOA p rinter. 

IL was a me ll ow evening and a pity I 
did not have a tape recorder and was not 
more alert in my questions to him . As 
for the SR-51 o n the printer, some work 
and some do not. He said the S R-51 A 
was p rima rily a repackaged S R-5 1 for 
cosmet ic reasons. T he pri nter itself has 
ve ry little intell ige nce except for a char­
acte r generator. The decision of what to 
prin t and where is a function of the cal­
culato r tha t is mou nted o n the printer. 

As many of us know, the pr in te r has 
very few moving parts: essen t ial ly a 
steppe r motor that advances the ru bber 
dr ive whee l for paper move ment. The 
pri nte r mechanism can be though t o f as 
a single horizonta l row of do ts, a ltho ugh 
the row is actually stagge red to aid in 
heat dissipat io n. In ternal tim ing in the 
PC-1 OOA com pensates for the staggered 
dot positions. The steppe r steps several 
ti mes in order to work th rough one prin t 
line. 

Q: Can the PC-700A be made into a 
portable printer to work off batteries 
away from a power socket? 
A: Not like ly because of the high cu rren t 
pulses requ ired for its operation. The 
paper used in the PC-1 OOA was purpose­
ly chosen to be insensitive for greater 
permanence . No te the cautions con­
cerning sunlight and fluo rescent light 
for some papers. Since the paper is 
inse nsitive, much greater heat is re­
q uired. An incidental feature of the high 
hea t is that the print head tends to stay 
clea n when compared with other papers. 

The answer to ma ny of my questions 
was, "T l is a very agg ressive company 
with the desire to make lots of money 
by fi lling 1he needs of the marketplace . 
Whe n the bonafidc need for a new pro­
duct arises, If it is in Tl 's area of ex per­
tise, T l wi ll be rhere, front and center," 
for example : 

Q: Wha1 will Tl do to enter the personal 
computer area? 
A: It is a very aggressive company.... 

One interest ing tidbir from o ur long 
discuss ion is rhe fac t thar T l has used the 
same ch ip se t in mos! of rhe ir recent 
pocke t calculators of every so rt. T he 

processor in their new T l-59 is the same 
as was used in the old SR-50 , and even 
rhe S R-50 was not lhe first use. The 
firmware and the firmware chips have 
varied greatly, and it is bas ically the 
firmwa re that determines overt fu nc­
tions and operatio ns. Whe n I asked 
why the T l-59 cannot compute a fac­
torial, he sa id, "Oh , it can compute 
a factorial, but we needed the buuon 
for something e lse . T he factorial is in 
the ROM of the chip, but you can't 
ge t at it. " 

Q: Will there be hidden gold on the 
T/-59? 
A: Probably not. We worked our b ut ts 
off to insure that all features a re overt 
and well-documented . The Tl-59 offers 
much mo re tha n the S R-5 2, hidden gol d 
a nd all. 

Q: Could you have given the TJ-57 more 
than a mere 50 program steps? 
A : Eas il y, but once agai n that was a 
marke ti ng decis ion. More than 50 would 
have helped to compete, but it would 

Can you tell our 

Qreviously-owned

Execuport 3005 


from our new ones? 

(No fair, 


peeking at the price.) 

I . l.J

•'''''''''*'' 

Now you can buy a great refurbished Execuport 300 portable ter­

minal. at a fraction of the price of a new one. 


These units have been rebuilt to " like-new" standards; are covered 

by our standard one-year warranty, and offer the same, solid , de­

pendable performance you expect from an Execuport 300, but may­

be couldn 't afford before. 


For more information call Charles Kaplan , Computer Transceiver 

Systems Inc .. East 66 Midland Avenue. Paramus. NJ c1rs11 

07652. (201 ) 261 -6800. 


Only $1795. (You peel<ed!) 
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have then also impacted the T l-58 and 
other Tl calculators. In the total picture, 
including future pr icing strategy, 50 pro­
gram steps seemed rig ht. The Tl -5 7 is 
pr iced such that stud e nts ca n buy a 
calcu lator good e nough for engineering 

IT TALKS 

The following unusual note appeared in our "in" basket on a "birth an11ounceme11t" 
style greeting cord. 

Fk.1;;;r->D'.> ­
A'l"'-reR 10 MO..lT\-15 

O'F 1-{A~D L.ABoR: ~.I AM 

?t...~5ec -rt::> A»~O<>l'lc.t 
NA/YI[ i:=HA1'.;F 

l}I~ B1RTtt ol= A 130..,r->c..l~G. 

SAB'1' c.,eoo; Kt->A~~ D/11[ "DEC.. I I)\''[)/ 
CAMt ,AL1\l € (?)-roOAi If.. 

W[IGHT ,__ JS LBS ;'_r-.\ 
10 

0?;.
fYl'f TERMINAL- HAO MANY 
DE?F'tC..15 Ai-JO WA.S ~.:ii::: D1 Ge,.::.o'JA 
AL.MO!>T Al3o~-
B<->T At.AS - Wiil-\ -n-tE 

RN TO 

MIAAQ€$ OF r\OD~f'J B.e°~T ~a:.~$ J l(t'CP 
"Tu:.1-\ f..)Ol,.OG.'f -11-l~ uP -nre: FV·YE' ~O~K. 
\3;\B'( TALKS A,_, 0 

L.\Si~t.lS. 

HOBBYISTS! ENGINEERS! TECHNICIANS! STUDENTS! 

Write and run machine language programs at home, display video graphics 
on your TV set and design microprocessor circuits - the very first night 
- even if you've never used acomputer before! 

RCA COSMAC microprocessor/mini­SPECIFICATIONS 
ELF 11 features an RCA COSMAC 

COS/ MOS 8-bi t microprocessor ad­
 computer
dressable to 64k bytes with OMA. in­

terrupt. 16 n:gisters. ALU . 256 byte 
 A THOUGHTFUL GIFT 
RAM . full hex keyboard, two digit hex fOR ANYONE WHO MUST 
ou tput display, S slot plug-in expansion STAY UP TO DATE IN 
bus, stable crystal clock for timing pur­ COMPUTERS ANO 
po~s and adouble-sided plated-through ELECTRON I CS' 
PC board plus RCA 1861 video IC to 

d~s.play an~ segment of memory on a 
 $9 9 95
video monitor or TV screen. 	 [J 

Use ELF II lo ... PLAY GAMES using Elf 

your TV for avideo display ... CREATE 'P- - - - - - - SEND TODAY - - - - - - ,

GRAPHICS plc\ures, alphanumer- I NETRONICS R&D LTD., Dc1n . BY3 

lcs, animated effects ·· · learn how to 333 Litchfield Road New Milford 'r 06i711 Pl1 o nc f'Ol) 154-9375
DES IGN CIRCUITS usi ng 	 a , ' • · - • • 

microprocessor ... the possibilities 	 \'es. I " '""' to rim pro;:rmu.r n1 con~rollcrs, ctl'. (soon to be 
ere infinite! 	 /Jo mt• '"'ti 1111 , . e '' 11 c I o s c.•11 : ava il able as khs) . Manual in­

0 S99.9S plus SJ p&h for RCA dudes ins Iructions for nsse mbly. 

COSMAC ELI' II kit. Featured lcsting. programming, video 


NOW AVAILABLE 	 in POPULA R ELECTRONICS. ~raphics and ~anws 1>/11.< lmw 
Includes all components plus you ca n get ELF 11 User's C lub 
evcryt hi n~ you need lo wrilc bulletins. Kil can be assemb led

ELF II cx_plodes into a giant when you a nd run machine language pro- in a single eve n ing and you'll
plug tho GIANT BOARD'" into ELF's grams p lus the new Pixie cl1ip sti ll have time to ru n programs,
cxpan.sion bus. This powerful board in­ th at lets you display video inc luding games. video ~raphics.cludes ca ...ne 1/ 0. RS 232-CtTI' Y. 8­ graphics o n your TV scree n. De- control lers. ct.: .. before going tobit P 110 and •ystem moni1or/ signed to µivc engineers practice bed! D S4.95 for 1.5 amp 6.3cditor ... mranin,B your ELF II is now the in compu ter programming and YAC power suppl y. required forhcan ora full-me system with unlimi ted 

microprocessor circuit design , ELF 11 kit. O $5.00 for RCA 
~04'\;P~~~i~ r:~t.~~~:~a~l~ ~~ .l'n~4k ELF 11 is a lso perfect for collcµc I K02 User's Manual. 

page to 64k. S89.9S kit . S3 p&h . and college-bou nd s tudent s (who O I want mine wired und tested 

•Prototype (Kluge) Board accepts up to must understa nd compulcrs for '"'ilh the l>OK'er 1ransronner and 

32 l.C.'> of various,;,,, .. S l7.00 ki1 . SI any engincerin l!. scientific or RCA I 802 ser 's Manual for 

p&.h. business career) . fa>Sy instruc- Sl49.9S 1.ius SJ 11&h. 

• E~an1ion Power Supply. S34.95 kit . 	 tions gc1 you Slancd righl away. C1.:mn . res. add sale!' 1:t 
S2 h. even if you've never us.etl a com­
• old plated 86-pin connector. SS.70 puter before! NAME·-- ------­
postpaid. As you r need for computing
Comins Soon! .,, _____,. power grows. five card cxpan- ADDRESS·-------­

sion bus (less con nectors) allows CITY________ 
memory cxpan~ion. prog.rnm Uc-Tiny Basic bugger/ monitor. c:"sellc 1/ 0. A STATE____21P_____ 


ASCI! KEYBOARD" CONTROLLER to D a nd [) to A converters. D Send info o n o ther kii.! 

BOARD• D-A. A-D CONVERTER• 
CABINET 	 L~~·~~~b=~=·-~~c~~1~~·,!....J 
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use. The Tl-57 docs not suffer in com­
parisons until it is compared with cal­
culators costing much more . 

Q: Can you confirm tire rumor that the 
calwlator division of Tl will even tual/y 

be as large a all other Tl divisions put 
together? 
A: Tl is a very aggressive company ... . 

Q: Shall we have another rou11d o( 
drinks? 
A: You arc in very aggressive company 
.. ..YES . 

San Diego is seldom foggy, but it gal 
foggy that night. 

Webb Simmons 
1559 Alca la Pl 

San Diego CA 92111 

ON SOFTWARE PROTECTION 

Mr Mirsich, in his "Opinion on Soft­
ware and Patentability, 1977 ," 	Novem­
ber 1977 BYTE , page 162, is short­
sighted in placing reliance on the la w of 
t rade secrets to protect "software" 
inventions. 

The major use of m icroprocessors 
will be not in personal computers, but 
rather as logic replacements. Trade secret 
law will ge ne rally offer no protec tion 
against legitimate reverse engineering. 

Consider, for examp le, a washing 
machine which, as a result of a new and 
nono bvious cycle sequence, provides an 
improvement over the prior an. Instead 
of imp lementing the new 	control with 
conve ntional logic, a microprocessor 
may be used instead. There is abso lu te ly 
no reason why the ne w method of was l1­
ing clothes, ie : the new mach inc cycle 
sequence, ca nnot or shou ld not be pro­
tected by a patent. On the other hancl, 
lhcre is no way to "hide" the invention 
once it is embod ied in the mac hine , 
and thus the law of trade secrets offers 
no hope for protection . 

As for "software packages " sold in 
the form of tape cassettes, for example, 
it is true that patent protection is 
probably not avai lable. But the law of 
trade secrets will be of equally little 
use. It is copyr ight protection which 
will probab ly be the best 	approach in 
such cases. 

Michael I Rackman 
Gottlieb, Rackman & Reisman 

260 Madison Av 
New York NY 10016 

At BYTE, we put all our software 
eggs in the copyrigh t basket. 

AUDIO CASSETTE COURSES 

WANTED 


Should you know of any institution 
or compa ny offering microcompu1er/ 
microprocessor instruction on audio 
cassettes, please let us know. 

Richard A Polacsek, MD 
Director, Welch Medical Library 

J ohns Hopkins University 
1900 E Monument St 
Baltimore MD 21205 

Con any readers supply this infor­
mation? • 
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Let's Get Personal 

in Anaheim 


June 6-8, 1978 

A rewarding personal experience is in store for you 

June 6-8 at the NCC '78 Personal Computing Festival ... 
the most comprehensive personal computing event ever 
held. The Festival, a separate feature of the National 
Computer Conference, will include approximately 30 
program sessions, commercial exhibits of consumer 
computing products and services, plus a contest and 
exhibit of microprocessor systems and applications. All 
Festival activities will take place in the Disneyland Hotel 
Complex, just a few minutes from the Anaheim Con­
vention Center, site of this year's NCC. 

Plan now to attend the big, new NCC '78 Personal 
Computing Festival. The program will include special 
paper, panel, and tutorial sessions on such topics as 
speech synthesis and recognition, computerized music 
systems, hardware and software design, computer 
graphics, and small business systems. All papers will be 
published in a softbound volume, Festival Digest '78, 
which will be available during NCC. 

Festival exhibits will provide an extensive display of 
commercial offerings by organizations serving the per­
sonal computing field. More than 100 companies, occu­
pying over 175 booths, will display systems, compo ­
nents, terminals, software, kits, disc and tape cassettes, 
relevant publications, and related hobby items. 

Rounding out the Festival will be a contest featuring 
microprocessor systems, devices , and applications 
ranging from home-brew DOS and graphics terminals 
to educational applications and computer games. Prizes 
will be awarded for the 
best exhibits. 

Don't miss the year's most exciting personal comput­
ing event. For more information, return the coupon or 
call AFIPS at 201/ 391-9810. 

,---- ----­
1 D Please keep me up-to-date on Festival plan:; and 

activities. 
D My company is interested in exhibiting at the Festival. I 
D 	Please send me information on the special NCC 

Travel Service. I 
I Company ----------Division ____ 

I Street ----------------- ­

I City _______State _____ Zip ___ 

W~CC'78
Jiff(. Per~onal Computing 

Festival · BYT 

c/ o AFIPS. 210 Summil Avenue 
Montvale. N.J. 07645 
telephone: 201/ 391-9810 
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21 START·AT·HOME 
COMPUTER BUSINESSES 

in the shoestring, start-at-home 
computer business hand book 

CONSULT I NG e PROGRAMMING • SOFTWARE PAC KAGES • COM 
FREELANC E WR I T l -NG e sEMINARS • TAPE/OISC CLEANING 
FI ELD SERVI CE • SYSTEMS HOUSES • LEAS I NG 9S UPPL I ES 
PUBLISH I NG • T I ME BROKERS • HARDWARE DISTR I BUTOR S 
SALES AG ENC I ES • HEADHUNT I NG . TEMPORARY SERVICES 
USED COMPUTERS • FINDER ' S FEES • SCRAP COMPONEN TS 
COMPUTER PRODUCTS AND SERV I CES FOR THE HOME 

Plus - - hundr e d s o f ide as on 
moonlight i ng, go ing fu ll - ti me, 
i mage building, re ve nu e bu i l d in g , 
biddin g , contra c ts, ma rk et i n g , 
pr o f ess ional i s m, and much more. 
No c aree r pl a nning to o l l ike it 
e ver publi shed. Ord e r now a n d i f 
you'r e not completely satisfi ed , 
send It back •ii th in 30 d a ys for 
a full and immediate r e fund . 

•	 six 11 r ingbound • 113 pp . e s12 . oo 
Call 312-945-2940 or mai l coupon 

D A T As E AR c H 730 WAUKEGAN ROAD • SUITE 108 

OEERFIELD. IL LINOIS 60015 111 (;0 r l)Or;ttC CI 

Rush_copies of " T he Shoest r i ng Start-At-Home 
Computer Busin e ss Ha ndboo k t o me r i g h t aw a y ­

NAME/COMPANY~~~~~~~~~~~~~~~­

ADORESS~~~~~~~~~~~~~~~~~~ 
C I TY/STATE/Z I P 

D c H E c K EN c L 0 s"""E"'"o0;=;-,B'""'ACCNCCK'""'A-,,M"""E"""R..,. R""" A_R_G-E
l ""C-:-A-::-oo=M-A~S~T~E~R~C~H_

#~~~~~~~~~~~~~~~ 

t1P I 
QUAL ITY CONTROL TEST 

l'£YS010°·o TEST :'. [·~ BHl.O F$232 ~F: J At F"l)(T 
ITo't')kl'iJ TE! T "lOO Bl<'J8 Wf'Y.EllT LOOP 
•'ti '- !l<l T E~T ~)<:" E'11!D f:S21? SE Irt. ~"OP. I 

E•J F EF" l~F~ (-'fF" AROU N D 
t.:.:·; · '· 7:- ..... .::.:.o: ·::-~~)1~34~tll~ 1 2'3456789'3 

·~~~~;~~t'.;r.~~~;.~~~~1-~i;j 


Meed Hard Copy? 
TRY OUR SOFT PRICES 

5 425 
Comple te s1andalon 0. 40 co li1mn 11np;ic1 rlCJ I malnx pnn lN w1111 ;i 6-1 
c 1rnr;ic1e r A SCI I se l Includes power supply c.1 sPwor~ ;inrt 1111 Pil'1<'P 
r lrc tronics fo r con n f'c1ton to l't m in i m ic ro p(OC<'sso1 p:ir:-111 01 POl' I 
S0r1al intcrf ttcc vers ions for RS232 c111 r0n 1 loop ,1 pp ll \.,11 1on~ " t ,1 11 .1 1 
SS75 on sinq lf' qw1n l1 ly 

~l lllSENDFO R FREE ~~T:~:~URE 
~ 	 Sall Lake City. Ulah 841221 1 8 2

---	 (801) 364-2411 

Continued from page 6 

The urge to solve the problem of auto­
mated editing tools with a smal l system has 
been growing within me for some time. Prior 
to starting this publication, I had often used 
the text editor of IBM's TSO software in 
preparation an d testing of programs and job 
control in a large system timesharing en­
vironment. Earl ier I had some experience 
with a more sophisticated ed ito r, TECO on a 
DEC PDP-6 . As a resu lt of th is experience, 
I dreamed of the possibility of a multip le 
window dis pl ay, upper and lowe r case 
graph ics, and lots of characters. Since then, 
as I found myself getting into word pushing 
with a vengeance as a daily way of life, the 
need for a practical approach to automated 
editing of ma nuscripts has become more 
important. I have seen examples of what a 
fa t computer and good software can do in 
demonstrations of some automated editing 
tools used with PDP-10 hardware at Stan­
ford Research Inst itute (now know n as SRI 
International). Rece ntly I have seen similar 
examples at Massachusetts Institute of 
Technology's Artificia l Intell igence Labor­
atory. Ah, the frustration mounts! When 
wou ld I find the time or money to dupl icate 
such too ls? 

In many respects, I feel like the prover­
bial "shoemaker's child," ru nning around 
"barefoot" with respect to the ve ry tech­
nology about which I am most concerned . 
To be sure, I am a little hypocritica l when I 
make th is comment, for I do have a quite 
complete experimental laboratory in my 
basement : it currently has a loose federation 
of four different microcomputer systems 
talking to each other with programmed 10 
thi-ough parallel ports, each system spec ial­
izing in a part icu lar phase of the music 
control problems I spe nd my spare time 
upon . But th is home brew system is not a 
production tool for dai ly use in the office. 
Its status is anythi ng but frozen, and as I 
experiment with the system it begins to 
resemble a bar of butter on a hot summer 
day. I am loath to use it as a production 
tool , for its very charter as a test bed fo r 
exper iments is inconsistent with using it 
for regular work. Ou r p1·esent concept 
of automation in the edi toria l office has 
consisted of an IBM Correcting Selectric JI 
typewriter on each editor's desk, the 
best electromechanical system, but far 
short of a com pu ter text editing system. 

Knowi ng fu ll we ll that my persona l 
homebrew system had limitations, I started 
a process of defi ning the req uirements of a 
production text ed iting system which would 
fit my needs at the office and would be 
consistent with a "low" price tag usi ng pro­
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ducts drawn from the smal l systems fie ld . 
It is in this act ivity of defining an editing 
system with as much standard hardware and 
software as I cou ld get, that I found myself 
examining that class of complete systems 
characte r·ized by extensive system software, 
extensive memory, video displays and mass 
storage on floppy disks. The activity of 
specifying such an editing system is the ex­
tent to which I have carried the search as of 
this writ ing in early December 1977. Du ring 
1978 1 hope to see a practical fulfi llment 
of this concept in one system . Th e resu lt 
will no t come up to th e level of what I have 
seen at SRI in the way of high resolution 
displays and interactive text manipulation 
concepts, but l ex pect to ge t a workable 
and .useful approx imation at a price which 
I can afford. The requirements of the 
minimum system which wi ll meet present 
goals are fair ly si mple to state : 

• The editing software must have a 
sophist icated programmable nature 
allowing definit ion and execution of 
macroopera tions (with multiple levels of 
conditional execution). 
• The edi ti ng hardware and software 
must support upper and lower case video 
displays with enough capacity to allow 
multiple simultaneous "windows" of 
information about the artic le file being 
edited. Initial ly, a command langu age 
orien ted to an ASCII keyboard will 
suffice for interactio n. 
• The editing system must support 
so ftwar-e of a good floppy disk oper­
ating system with all the usual uti lities, 
a macroassembler and one or more 
compilers. 
• The editi ng system must read, convert, 
edit, reconvert and write IBM compatible 
EBCD IC text fi les on floppy disk media. 

These requ irements are based upon what I 
thi nk I can get within the constrai nts of 
price (un der $8000 to $"!0000 per system) 
and little or no software development or 
engineering design t ime on the part of my ­
self and my associates at BYTE. Let's 
explore some of the reasons why these fea­
tures might be importa nt. 

Programma ble Editing . . . 

As a in dividual thoroughly schooled in 
the uses and abuses of algorithms, one of 
my dearest wishes is to be able to specify 
procedures fo r the alteration of manuscript 
text, rather than mere "find" or "find and 
r·eplacc" or "delete" as fo und in most crude 
character oriented text ed itor programs. 

IDS!~~:~~~!!~.~e~it~~:~ c~~~~!~~~4!~:.. 

Telephone (703) 536-7373 

88-MODEM A complele serial 1/ 0 oorJ and an OriginaJe/ Answer MODEM on an 
StOO bus cornpalible board The 8B·MODEM lealures au1oma1oc au lo· d1aler (no! 
soliware 1omed). operates at any software selected baud ra1e belween 66 and 600 
baud. has separa1e 8-pole 1ransrn11 and receive ac11ve l1 1iers. and all lunct1ons are 
soliware selecied The 88-MOOEM provides commun1ca11on to ·58 dbrn and 1s onlended 
lor use wllh e11her a CBS ( I OOt 0) or CBT Oala Access Arrangemenl lor connec11on 
10 !he Jclephone syslem The k1 l prrce •S 5245.00 

88-UFC Uf\IVERSAL FREQUENCY COUNTER: The 88·UFC is an S100 compa11ble 
lrequency and perrod rneasuremen1 module. The 88 -UFC has lour sollware selecled 
1npu1s. Frequency measuremem to above 600MHz and period measuremenl lo 1/ l 0th 
microsecond are slandard The counter provides nine d1g11s of readoul and rs prrced 
al SI 79 00 1n k1I lorm 

88-SPM CLOCK MODULE The 88-SPM provides a time ol day clock and an inde· 
pendenl rea111me clock on one S100 compallble module. Provisions are included lor 
banery backup so me 88-SPM can mamlain lhe lime during power-ofl condilions 
59600 kl! 

tOO t D (Type CBT) Oa1a Access Arrangemem Sl 25.00 
88-RCB 16 Channel Relay Comrol Board Ki t s179.00 
MCTK Morse Code Tra1ner / Keyer Kii 29.00 
TSM Tempera1u1e Sensing Module Ki l 24 00 
OAC·8 8 -Bil 01g11al 10 Analog Converler K11 t 9.00 
88-TCXO Ternperalurc Cornpensa1cd Crys1at 

Ose11la1or for 88-UFC t4S.OO 
88-XTAL Cryslal Timebase op1mn !or 88-SPM 25.00 

TEAMS Paymenl wi th order shipped prepaid. added lor COD. Mas1er Charge accep1ed 
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And at an affo rd abl e price . The 
Madu-Learn '"' home study course 
lrom Logical Services. 
Now you can learn micrncomputer 
programming in ten comprehensible 
lessons At home. In your own time. At 
your own pace . 
You learn to solve complex problems 
by breaking them down into easily 
programmed modules. Prepared by 
proless1onal design engineers. the 
Madu-Learn'"' course presents sys­
tematic software design techniques. 
structured program design. and prac­
tical examp les lrom rea l 8080A 
mic ro-compu ter applica tions. All in a 
modular sequence of 10 lessons . 
more than 500 pages, bound into one 
practica I notebook for easy reference. 
You gel diverse examples, probl ems. 
and solulions. With thorough back­
ground material on micro-computer 
archi tecture. hardware/software trade­
offs. and usefu l reference tables. All 
for only $49.95. 
For $49.95 you learn design tech­
niques that make software work for 
you . Madu-Learn"' starts with the 
bas ics. Our problem-solut ion ap­
proach enables you to "graduate" as 
a programmer. 
Circle the reader service number be­
low to receive our free descriptive 
brochure and cou rse outline . 
Use your Master Charge or VISA 
ca rd lo orcier today. Call Pat at (415) 
965-8365. 

Circle 63 on 1nqu1ry carcl. 

711 St ierl in Road 
Mounta in View, CA 94043 
(415) 965-8365 

LOGICAL 

SERVICES INCDRPCRATEC 

Art icles Policy 

OYTI_ is cunrinuollJ• St!t J.:ing qutJlilJ ' 
monuscripu \vr/1te11 by lndfvlduols whfJ 
are apply ing pt•rt.onol compu11•r S> .stems, 
designing such f>'S tems, or who huvt• 
knuwltdge which will prove uuful to 
our rtodu~. Tor " mar~ fomral dturip · 
tiol1 of proudu1es and reQuirtmenfi, 
port:r11 ial Ollthots should Jcnd u self· 
oddresse:d, stomprd em•L'/opr 10 8 YTL 
Authors' Gulf.It, 70 Main St, IJt' t t• r ­
borough N H Q]4 5 8. 

Articles which ur~ 0Ct' 1.'P ft'd ure 
purt host•rl with u rott• of 11p 10 $50 pt,>r 
mo1.1atine pagt, buSt!ll on ru lwlrul 
Qualily tJnd sulte1bllity tor 8)' TE'1 
reud,,.r1lri'p. loch monll1, th e uu 1hors 
of thl! two leodlr.g orticlc"s in lh~ n•odu 
poll (8 l' Tl 's Ongoin9 Monitor Bo:.: or 
.. BOM B..) 01~ presenttd with bonus 
ch1•cks of S100 and SSO. Unsollcll cd 
marerials should be auompanltd b>· full 
nam,• am.I 11ddres~. us well us tetvrn 
po11ag~. • 

<inch-expression> 

<inch-units> 

<inch-cm-expression> 

<metric-inches> 

As noted earlier, I was spoiled at one time in 
my life when I had about six months ex­
posure to Digital Equipment Corporation's 
TECO text editor on a PDP-6 at the Uni­
versity of Rochester, Rochester NY. That 
taste was enough to convey the power of an 
editor in which I could compose conditional 
text al teration procedures, and execute them 
in real time to ed it my files. (The files I was 
editing were a number of FORTRAN pro­
grams for j ohn Conway's game of Lire, 
implemented at the expense of my grades 
as a physics graduate student.) 

For those unfamiliar with TECO, which is 
stil l used in a number of forms on Digita l 
Equipment Corporation 's computers, all I 
can say is that it is addictive. I had no such 
fee lings for the I BM TSO editor which I used 
later in my experiences, or for the quick ly 
implemented and quite crude text eel itoi­
1 have since written for my homebrew 
system. The TECO I used six years ago has 
probably evolved considerab ly since I used 
it, but that one taste was enough to leave me 
in love with the method. 

The idea of programmable character 
oriented text editi ng language is simple: the 
ability to program use of primitives for 
scanning text in search of matches to a 
syntax pattern, and conditional ly modify 
the text based on local context. A clas ic 
example with which I deal al l the time at 
a manual level is the case of a decimal 
number followed by zero or "n" blanks, 
then a double quote mark ("), or one or 
more variation s of th e abbreviations, and full 
spell ings of the singular or plural form of 
the English language word "inch ." In 
Backus-Naur form, this syntax might be 
noted: 

<num ber> <blanks> <inch-uni ts> 

inches 

in 

inch 

The object of the macro to be composed for 
this case is recognition of this syntax or 
approximations of it, and rep lacing each 
instance with a standard representation of 
the measurement which includes metric 
equivalents calculated from the or iginal 
English measurement. Ignoring the semantics 
of the transformation, the resulting syntax 
should be: 

<number> <blank> <inch-units> <metric-inches> 

<number> cm 

This "inches to centimeters" transformation 
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Printed circu it modem for customer mount­"CHEAP TALK" The $115.00 
ing within terminal. Board dimensions: 4112'' x 

Modem from Phone 1 now 5" x 3.4 " ... . ....... ... ..... ... . .. $115.00 

Packaged modem with above printed c ircu it comes fully packaged! 
in table top cabinet and DB-258 connector 

Packaged Modem and 6' telephone line cord. (Specify ter­
Printed Circuit Modem 

mination for Ii ne cord . Either quarter-modu­
lar or spade lug). Cabinet dimensions: L.71.4'' 
W.5%'' H.31/s'' . ........ .. ........ $133.00 

• Two week delivery • Fu ll duplex 
• 0-300 baud • 103 type modem 

Call or write us today. 

PHOnE I 
1330 East State St. 
Rockford, Ill inois 61108

Telephone 
Phone815/962-8927Line Cable 

is the prototype of a number of similar 
operations which convert any one of the 
usua l English system units to metric within 
text. At present I do this manually wit h a 
pocket calcu lator featuring metric conver­
sions, and a blue pencil for recording the 
resu lts. With some ingenuity, a text editor 
of the son I am looking for can probably 
hand le most such conversions semiauto­
matica ll y with interactive apprnval of the 
results dur ing execution of the macro. 

As frost in g on the whole macro text 
edi ting capability, it would be most useful 
to record a library of symbolically refer­
enced procedures such as " inches to centi­
meters" as they are developed, so that they 
can be called as needed through a simple 
seque nce in the text editing command 
language. Th is may not be achievable 
through standard softwar·e whic h is used 
honoring the principle of "no software 
development" on my part. 

Capacious Upper and Lower 
Case Di splays . .. 

An editi ng system for manuscript ma­
terials without upper and lower case faci­
lities is a contrad iction in terms as far as 
I am concerned. One can certainly put up 
with upper case onl y text editing ha rdware 
in the context of any one of a number of 
existing high level languages and assemblers. 
But th is abse nce of upper and lowe r case 
capabilities in such systems' software and 
hardware is an arch iac carry-over from the 
ear-l ier days of data processing and com­
puting, when keypunches and Teletypes 
dominated the technology. The job of 

manuscript editing is impossible without 
a full upper and lower case capabi lity. In 
judgi ng art icles fo r the magazine, I often 
wil l not accept a manuscript from an 
author which is typed upper case only, 
unl ess one or more exceptional conditions 
exist. 

The use of video disp lays rather than hard 
copy is also crucia l. I have no in tention of 
waiting for a slow mechanism and creating 
mounds of waste paper as a result of the 
ed itng process. To be sure, hard copy wi ll 
be used, but on ly in the form of a confir­
mation printout of the or igi nal state of the 
fi le suppl ied after the act of keying a manu­
scrip t to disk, and possibly as a fina l rev iew 
of the results of the technical edit ing. An 
electron ic disp lay is essential to allow quick­
ly scanning and exam ining detai ls of text 
without the speed limitations of mechanical 
displays. The displays must be capacious 
also, since a mere 12 lines by 80 char-acters, 
or 16 lines by 80 characters, does not give 
a big enough field. 

The idea l goal, which I have seen in the 
systems at the artifici al intell igence labora­
tories mentioned earli er, is at least one fu ll 
page of text, where a "ful l page" means 
perhaps 50 to 60 lines of text. This is the 
rough equivalen t of the capacity of a page of 
single spaced typewritten copy. This capa­
city is then allocated to multiple logical 
windows on the data us ing the sytems soft­
wa re of the text editor. Such a display does 
no t ex ist in any inexpensive practical form 
fo r the small system fie ld, although it can of 
course be sim ulated. There are severa l Altair 
(S-100) bus prod ucts on the market wh ich 
put up 24 or 25 line disp lays of 80 char-
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acte r·s; so if I purchase two such boards and 
two video monitors side by side vertical ly 
(or hmizontally), I can come close to that 
design goal using standard off-the-shelf 
components. 

The concept of assigning logical "w in­
dows" on the file's data is esse ntial. In each 
article I ed it, I have numerous categories of 
information which are logically separate, 
though related by be longing to the same 
entity. There is always th e main body of 
text of the article; there is the captions list 
with subcategories based on the type of 
il lustrative material being captioned; there is 
always a set of summary information such as 
the author's name, "about the author," the 
author's address, etc. There are sometimes 
additional opt ional materials such as glossa­
ries, boxes of text which are auxi liary argu­
ments not part of the main text, etc. Ofte n 
it is necessary to scan one suc h logical 
subset of the art icle whi le reta in ing a 
segment of another such subset in view. 
For examp le, when check ing a glossary 
item, the main text might be scanned 
while the glossary is maintained on the 
disp lay . Or, when mak ing a change of 
phrasing to clarify an author's point, the 
origin al text shou Id remain on display 
wh il e the mod ification is being made, just 
as I can always see the original text when 
I make penci l correctio ns in the manual 
method of ed iting. Th e abil ity to al locate 
multiple windows pointing to the sa me 
data set is onl y effective when the display 
area is big enough so that each window 
is of nontrivial size. 

IBM Compatible Media.. . 

The re quirement of IBM compatib le 
floppy disk media is the on ly one wh ich is 
dr iven by an external consideration specific 
to the context of BYTE pub lications. If 
the edit ing software were being used by an 
indiv idual in an iso lated situation, there 
might not be a need for either I BM compati­
bi lity or full size flo ppy disks . Bu t here at 
BYTE we have an exist ing system of pro­
duction which emp loys eq uipment that 
is SL1p pl ied by I BM which uses floppy disk 
med ia for temporary storage of man usc ript 
info rmation during the typesetting and 
production process which happe ns after 
the technical ed iting of art icles. The cleanest 
interface to this existing sys tem is to have 
the input keying operations performed prior 
to the technical ed iting, then physically 
transport one floppy disk alo ng with the 
sour·ce documents of the article to th e 
ed ito rial offices. Afte r the tech ni cal edit 
is completed, the flop py disk is then re­
turned to the production department along 
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·.vith the source documents, with all tech­
nica l changes effected by the technica l 
editors, rather than tran cribed by pro­
duction editors from penciled or typed 
corrections to a printed man uscript. 

An Approach to Selecting 
Such a System 's Hardware 

With this rough functional description of 
what I want, how do I go about converting 
the idea into a worki ng system with off-the­
shel f hardware and software? This question 
is what caused me to begin a process of 
examining some of the more complete 
product offerings by various manufacturers 
which had the potential for meeting the re­
qui red specification . The fact that I wi ll 
even co ns ider several of the former kit 
manufacturers for the personal computing 
marketplace as the principal suppliers is 

ev ide nce of the maturi ty of this field as 
it has grown over the past few years. 

My fi rst and most important criterion 
is that the system must be purchased in 
complete fo rm from one manufacturer 
(complete meaning "assembled, tested and 
demonstrated"). I do no t want finger 
pointing (at least in itially) due to conflicts 
over the ambiguous definitions of different 
manufacturers' hardware and software co n­
ven tions. In my case, this wi ll probably be 
accomplished by dealing directly with the 
manufacturer since we already have an 
·estab lished business re lationship as a maga­
zine; for readers of the magazi ne this can be 
accompl ished by using a computer store 
as the local eq uivalent, with the proprietor 
se lling a complete and working system 
demonstrated in the store before purchase . 
I may mix and match perip herals from 
other sources at a later time, but such 

MORE 6800 SOLUTIONS: 

FOR SWTPC 6800 

AS-1 ANALOG INTERFACE MODULE 
• 	 FAST, ACCURATE AID, DIA 

CONVERSIONS 
• 	 EIGHT ANALOG INPUT CHANNELS 
• 	 ONE HIGH-SPEED ANALOG OUTPUT 
• 	 OCCUPIES ONE 110 SLOT 
• $87.50 KIT $115.00 ASSM. 

SC-1 SERIAL INTERFACE CARD 
• 	 RS-232 SERIAL INTERFACE 
• 	 FULL CONTROL SIGNALS 

IMPLEMENTED 
• 	 MOST VERSATILE SERIAL 110 

AVAILABLE 
• 	 $30.00 KIT $40.00 ASSM . 

U.S. Orders Postpaid 

FOR MOTOROLA "02" 

DA-1 UPGRADE KIT 
• 	 CONVERTS D2 TO TERMINAL 110 
• 	 RETAINS FULL CASSETTE 110 

CAPABILITY 
• 	 INCLUDES RTl 68MX ROM ­

MONITOR/ O .S. 
• 	 ALLOWS USE OF BASIC, EDITORS, 

ASSEMBLERS, ETC. 
• 	 RS-232 SERIAL INTERFACE 
• 	 DA1 w/ 70 p. MANUAL $69.95 

MOTOROLA MMS68104 16K RAM 
• 	 16K BYTES DYNAMIC RAM 
• 	 ENGINEERED SPECIFICALLY FOR " D2" 
• 	 EXORCISOR - TYPE BUSS 
• 	 $395.00 ASSEMBLED 

Master Charge & VISA Welcome 

M6800 SOFTWARE 

A/BASIC COMPILER 
• 	BK EXTENDED BASIC COMPILER 
• 	 CONVERTS BASIC PROGRAMS TO 

FAST, MEMORY EFFICIENT 
MACHINE LANGUAGE 

• 	 DESIGNED' FOR RT/ 68 - SUPPORTS 
M ULTl PROGRAMMING 

• 	 EXTREMELY VERSA TILE 1/ 0 
• KC CASSETTE + MANUAL - $49.95 

RT/68MX OPERATING SYSTEM 
• 	 EXPANDED CONSOLE MONITOR ROM 
• 	 REAi. TIME OPERATING SYSTEM 
• 	 DIR[CT MIKB UG REPLACEMENT 
• PIA OR MULTl -ACIA 110 
0 RTl 68MX ROM wl MANUAL $55.00 

Write or call for Free Catalog . 

MICROWARE SYSTEMS CORPORATION 
P.O. BOX 954 • DES MOINES, IOWA 50304 • (515) 279-9856 
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incremental additions or modifications will 
only be done with the backup of a known 
working configuration . 

The second and eq ually important cri­
terion is that the supp lier must be able to 
supply a complete set of systems software, 
al ready developed and operation al, at the 
time of delivery of the system. Th is soft­
ware inc ludes a disk operating system, th e 
text editor framework for the manuscript 
editing operations, and the usua l macro ­
assemb ler, linking loader and compi lers of 
a "minicomputer-like" small system. 

I highly recommend that potentia l users 
of a system either purchase or examine the 
manuals of the system th ey intend to buy , 
going over the manuals fo r purposes of 
evaluating completeness and quality of 
hardware and software support. In the past 
month or so, two examp les of exce ll ent 
documentation in a small computer system 
have come to my attention. One examp le is 
the so-called "preliminary" (but not very 
"preliminary" by most standards of docu­
men tation) manual of the Apple-I I com­
puter, discussed in the review appearing 
separately in this issue. A second examp le is 
provided by a system l am examining as a 
potential candidate for the editing function: 
the Technical Design Labo ratories' Xitan 
product wh ich has been seen publicly at a 
number of shows and computer stores. I 
recently travelled to New Jersey to visit 
TDL at the invitation of Roger Amidon. 
During tha t day long visit, aside from the 
usua l rituals of visi t ing a company manu­
facturing for this fie ld, I had oppor tun ity 
to examine much of their software in 
operation, and to examine their version of 

a high capacity 80 by 25 character display 
with upper and lower case graphics. I picked 
up a pi le of approximately 3 inch thickness 
filled with the excellent manuals for their 
software, which includes a FORTRAN IV 
with nearly complete ANS l features plus 
ex tensions, a macroassembler, CP/M by 
Digital Research as an optional operatin g 
system, a data base management system for 
the FORTRAN programmer called "Micro­
SEED," and the ZTEL text editing language 
which was the most important attraction of 
the trip . From the documentation, I was 
able to learn that much of the capability l 
would like to have for a text editing system 
used with manuscrip ts is likely to be avail­
able more or less off-the-shelf in ZTE L. 
Th ere will be some custom work required, to 
be sure: for example, the editor does not 
support multiple editing windows, an d will 
not be ab le to symbolically store debugged 
text editing macros on the flop py disk 
without some thought. But it may prove 
to be most of what I was looking for, 
especially with the use of two of the 80 
character by 25 line display boards TDL is 
now man ufacturing. 

At the time of this writing, no decision 
has been made yet as to the details of such 
as ed iting system, nor have we purchased 
any eq uipment. I intend to review the 
manuals of a number of the manufacturers 
who offer good combinations of hardware 
and software which are potentially usable 
in this system co ncept before any fin al 
decision and purchase is made. But now that 
l have made the investment of reading the 
manuals, TDL seems to be a company which 
is well worth looking at. 

ALPHA z- ao* $ 495 

ASSEMBLED 

• 	 12 SLOT MOTHER BOARD 

• 	 12 CONNECTORS (S-100 BUS) 

• 	 17 AMP POWER SUPPLY 

• 	 HEAVY DUTY CABINET WITH FAN 

• 	 Z ·BO CPU BOARD: All Sockets Included, Gold Con· 
tac t Fingers, High Quality Glass Epoxy PC Board, 
Double-Sided, Plated Through Holes, Requires Only 
+ s voe I soo MA. 

NOTE: 22 SLOTS/30 AMP POWER SUPPLY · $595 . 
ADS also sells IMSAI and NORTH STAR Assembled at Kit Prices + LEAR 
SIEGLER ADM 3A Assembled at $888 .00 . TERMS: Cash with Order. 
Prices include Freight. (N.C. Residents add 4% Sales T ax.I 
* Z-80 is a reg istered trademark of X i log Inc. 

ALPHA DIGITAL SYSTEMSADS 0 Ju A-:quisirion, Computation ant! Control 

ROUTE 4 BOX 171A 
BOONE. NORTH CAROLINA 28607 lllm 
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Which Brings Me Back to My 
Original Point .. . 

The theme which introduced th is digres­
sion into editing hardware and software is 
that ther·e are machines in existence righ t 
now, wh ich are marketed as finished pro­
ducts, and which, with various degrees of 
software support, can be had at moderate 
prices in the $3000 to $8000 range through 
computer stores. Th is class of mach ines is 
what is needed to do "serious" perso nal 
computing. The characteristics of th is class 
of machines, which has been maturing late ly 
in the marketplace, might be given as : 16 K 
bytes of programmable memory and up, 
dual floppy disk drive, terminal, optionally 
some form of printer, and availability in 

a fu I ly integrated form which needs no 
assembly from kits. Styles and conf igur­
ations vary, of course, but the important 
point is that for the price of a good pickup 
truck, one gets a computer wh ich can be 
effectively used for both utilitarian and 
frivolous computationa l uses at the whim 
of its owner. If the processor is an 8080 or 
Z-80, then Gary K il dal l 's CP/M operating 
system sold by Digital Research is frequent ly 
used with this kind of system, and often 
there is both a compi led high leve l language 
(for example TDL 's or Cromemco's 
FORTRAN IV compi lers) an d a macroas­
sembler. Rumor has it that PASCAL com­
pi lers exist which wi ll be avai lable shortly 
for this type of disk based system. • 

Your Microcomputer 
can be a Money-Making 
Machine with SOFTWARE 
from SYNCHRO-SOUND 

Here are two Software packages that enable you to profitably make 

fu ll use of the potential in you r smal l computer system: Synchro­

Sound' s interactive business systems designed for use on an 8080­
or Z80-based microcomputer with fl oppy d isks and a hard-copy 

pri nter. Written in Microsoft Basic (known as Altair Basic *), the soft­

ware supports fi le maintenance, query and reporti ng fu nctions. This 

support includes creation, modification and delet ion of customer 

records and processing of transactions to be posted against the 

fi les. 


ACCOUNTS RECEIVABLE PACKAGE INVENTORY PACKAGE 
The A/A module creates a history file of charges, credit and pay­ The inventory system maintains a current listing of stock items 
ment records for audit purposes. Payments can be applied to a featuring on-line transaction processing. Reporting functions 
part icular invoice, or to the oldest open items ..Batch Mode for include a master inventory listing wit h price and cost data, 
monthly statements, aged receivables schedule, and delin· reorder alerts, vendor specification, and summary valuations. 
quency notice as well as on-line inquiry mode for specific infor­ Year-to-date usage records are kept for each inventory item to 
mat ion are both fully implemented. facilitate sales analysis. 

Operators Manual & Disk- Single Copy $500.00 Operators Manual &Disk-Single Copy $500.00 
Operators Manual only- $35.00 refundable upon purchase of Software Package. 


Microsoft Disk Bas ic-Single Copy $350.00 


- -~------------------------...
SYNCHRO·SOUND Enterprises, Inc. 
FOR FURTHER 

WRITE OR CALL 

193-25 Jamaica Avenue INFORMATION 
Jamaica, New York 11423 

Additi onal Software 212/468-7067 TWX 710·582-5886 
Packages w il l be 

avai lab le in the 
 Hours 9-4 Daily Working Systems 

near fu ture and Saturday on display 

Dept. BS BankAmeri card/Master Charge •Allair is a trademark of MITS. Inc. 
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Subscribe to CONIPUTER 
AUTOMATICALLY 

• • • 

... with a membership in the IEEE Computer Society 

CO\'IPUTER the basic membership journal of the IEEE Computer Society ­
carries over 40 pages of tutorial and survey papers each month, 
providing lively coverage of the entire range of hardware and soft ­
ware design and application, with each issue focusing on a sing le 
major theme. Typical special issues zero in on such topics as 
Computers in Automation, Computers in Medicine, and Computer 
Networks. 

In addition to these timely, readable technical articles, COMPUTE R's 
regular features inc lude 

• 	 conference and workshop reports 

• 	 book reviews 

• 	 new products and applications 

• 	 cal ls for papers 

• 	 Computer Society Repository - a unique microfiche and hard ­
copy collection of nearly 4000 papers on computer research 

• 	 Open Channel - a unique forum for gripes, new ideas, and oddball 
proposals 

• 	 Microsystems, a new section devoted to the low-cost yet powerfu I 
computer systems that have appeared over the last two years 

SPECIAL BONUS OFFER 
through February 1978 
Microprocessors and Microcomputers, 138 pages of selected reprints 
from COMPUTER, together with an introduction by our technical 
ed itor. 

If you jo in the I EE E Computer Society between now and Febru­
ary 28, 1978, you will receive free this handsome 138-page volume. 

Complete application form on reverse of this page. 
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membership application 

First name Middle initial(s) Last name 

Street address 

City 	 State/ Country Zip 

Full signature Date 

OCCUPATION 

Title or position 

Firm name 

Firm address Street 

Ci ty 	 State/ Country Zip 

IEEE membership no . or effllla te society Grade 

membershi p no . (if app licable) 


EDUCATION (h ighest level completed) 


Name of educationa l institution 

Course Degree received Date 

Male 0 Female 0 

ENDORSEMENT (Name one indiv idual. preferably an 
IEEE member, who knows you professionally .) 

Name (p rint in full ) 

Street address 

City State Zip 

Use the ntJmbers to identify your plant activity a nd your own 
work , I f more than one activity is i nvo lved , use the code number 
for the most prevalent. Note : if you select " other" for work and 
plant code or " other personnel " for job func t ion code, be sure to 
e>eplain on the lines provided. 

WORK AND PLANT (Enter codes) Plant _ _ Your own work __ 
1. 	 Large computers 
2 . 	 M inicomputers 
3 . 	 M icrocomputers 
4 . 	 Computer peripheral equ ipment 
5. 	 Data processing systems (system i ntegration) 
6 . 	 Office and business machines 
7 . 	 Test. measurement, and instrumentation equipment 
8 . 	 Communicat ions systems and equipment 
9 . 	 Navigation and gu idance systems and equ ipment 

10. 	 Consumer entertainment electronic equipment 
11 . 	 Consumer e lectronic applianc es 
12. 	 Other consumer electronics 
13. 	 Industrial controls, systems, and equipment 
14. 	 Components and subassemblies 
15. 	 Mater ia ls and hardware 
16. 	 Aircraft , missiles, space and ground support equipment 
1 7 . 	 Oceanography and support equ ipment 
18. 	 Medical elec tronics 
19. Industrial compan ies within OEM incorporat ing electronics 

equipment in their end product, not elsewhere classified 
20. Independent research , test, and design laboratory and con ­

sultant (o nly if you are not connected with a manufacturing 
company) 

21 . 	 Government agency and mi l itary 
22. 	 Industria l companies using and/ or incorporating any elec · 

tron ic products i n thei r manufactur ing. research , or develop­
ment activities 

23. 	 Communication (radio. TV, po l ice} 

If you are : your rates* will be: 
HALF FULL 
YEAR YEAR 

(3/1178 to (9/1178 to 
8/31 /78). 2/28179) • 

e an IEEE member who wishes to 
join the Computer Society 0 S 3.00 0 S 6.00 

• 	 an ind ividual who wishes to join both 
the IEEE and the Com p uter Society•• 0 $35. 50 0 $61 .00 

e 	an individual joining the Co mputer 
Society as an affili ate member • • • 0 S13.00 0 S26 .00 

PUBLICATION OPTIONS 
If, in add it ion to your automatic 
subscription to COMPUTER Magazine, 
you would also like to receive: add:• 

e 	IEEE TRANSACTIONS ON 
COMPUTERS (1116) 0$ 3.00 0 S 6.00 

e 	IEEE TRANSACTIONS ON 
SOFTWARE ENGINEER ING (1117) 0 $ 3.oo 0 $ 6.00 

e 	JOURNAL OF SOLID STATE 
C IR CU ITS (1410) Os 2.00 O s 4.00 

e JOURNAL OF OCEANIC 
ENGINE ER ING (1420) OS 2.00 O S 4.00 

e 	PROCEEDINGS OF THE IEEE (1101) 
(not available to affiliate members) 0 S 4.50 Os 9.00 

Otiservc half vear & full vea r r,11es during pe11ods 11Hhca1ed 

ll you iom both IEEE a11rl th e Coinpuier Sot1PIV. yuu are en 111led tu all IEEE benelm, 
1nclurlmg au10111a 11c sullsc11p11011 10 SPECTRUM Rates shown refl ec t SIO IEEE euua(lce 
l e~ IomH1me asseumen ll for all regions. Rates also rnflec1S10 per year regional amm 
men l fur Regions 1-6 lco n1111 ental U.S) and 57 per year regional asses.sm enl tar Re91011 7 
ICo:inada) Members m Al!y1on 8 lWe~ 1 ern Europe & M d·Eas:ll . 9 lla1111 Arne11ca). & 10 
ffar Eas t ~ deduct SS Imm hnl l i,oear rates. SIO h am lull ·yea1 r:ues. Members in Re-~ 1 011 7 
dl!' tJUC:I Sl 50 from hilll ·vear f31eS, SJ from full -year 1ues. AC~. memb~rs deducl s2.sa 
!rum hall ·vei!r f,HeS. $~ lrom lull ·yeat 1a1es 

• • • AC.M rhsrnunt does no 1 3\)Jllv 10 afl1l 1a1e mernbe1sl110 wh ich is already d1scou111ed 

Hardcopy Dulk air Option for members •n Regions 8 · 10 
1\41(1tr'lr1a1to.....•"fl' u1T1 c u 1•"1\1 to• 1 ......... ~ dehvt'• v Wester n All other 
tw Compurl."' i 10 6 .... H ... (le lo...~rv f o r Tto1n1.a~rro1t1 Euro pe regions 

Half 	Full Hail Fu ll 
year year year year

Compure' . .. . ............. . .... . _J $5 ::J $9 ::C $10 ~ $20 
/ £££ Trimsac r ions on Computers ... . ... . . :._:: s4 ~SB 
 ;:J $12 0 $23 
Journal of Soltd·Stale C1rcwts . . . .... .... =$2 0 $3 .] $7 0 $13 
IE££ Tran1act1ons on Sol1ware Engineering . = s2 :JS3 __j $5 ::J $9 
Journal of Oceanic Engineering . . .. .. . . .. ~·$1 0 $2 ;:] $6 
Proceedings of rhe IEEE . . .... . .. . .... . . ~~ $4 _ $8 

:::J $3 
:::: sis ::::: $31 

D~;1~~;~n ~.~r~~; ~~;~:esE~~~~~m~~;1 '~es~~~~~~;,~u~~1:t1~Y~r~~c; 1~~~~~~~kia 
Ho11ana Hunga1y 1ce1and trelanCJ Italy Ucn tenstein lute-noourg Malta Monaco Norway 
Polano P04 tuga1 1ana A;ores l Ruman1a Spain tana Cana1y 1s1anasJ 5'Neden Sw1tzer1anc 
Tu rke~ . Unnea Kingdom USSR Yugoslawa AU omer reg ions ' includes au 01ne1 
couniues ou!s1ae the US &Canaoa 

24. 	 Transportation services (a i rline. railroads, etc . ) 
25. Computer and data process ing services : service bureaus, soft ­

wa re services, timesharing, consulting 
26. 	 All other commercial users 
27. 	 Power generation equipment manufacturer 
28. 	 Power productio n (atomic, electrical , etc . ) 
29 . 	 Power generation 
30. 	 Power tra nsmiss ion 
3 1. 	 Power distribution 
32. 	 Utilit ies, except power (telephone, teleg raph, pipel i nes. etc .) 
33. 	 Distributor 
34. 	 School, un iversity, or library 
35. 	 Others (explain) 

JOB FUNCTIONS (Enter code) __ 
1 . 	 Gener'a l and corporate management 
2 . 	 Design and development engineeri ng (circuits , components, 


equipment systems) 

3 . 	 Engineering services (evaluation, qua l ity control . rellability 


standa rds. test) 

4 . 	 Basic research 
5 . 	 Manufacturing and production 
6. 	 Engineering support (draftsman, lab assistant, techn ician) 
7. 	 Purchasing and procurement 
8 . 	 Marketing, Including sales 
9. 	 Computer systems operat ions 

10. 	 Engineering systems plan n i ng and design (ut i l ities) 
11 . 	 Operatlons i nclud ing construction & mai ntenance (utilities) 
12 . 	 Dean, professor, instructo r, etc. 
13. 	 Student 
14. 	 Other personnel (e.xplain) 

JOB CATEGORY (Enter code) __ 
1 . 	 Management 
2. 	 Engineering 

Mail the completed application and lull remittance (check payable to IEEE) to: IEEE Service Center, 445 Hoes Lane, Piscataway, NJ 08854. 
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r--------Favor1tes--1ro-m-tiie_____________ _ 

BITS Library 

__Introduction to Microcomputers, Volume 0, by Adam Osborne. $7 .50 
__Introduction to Microcomputers, Volume I, by Adam Osborne. $7.50 
__Introduction to Microcomputers, Volume II , by Adam Osborne. $15.00 
__Computer Power and Human Reason, by Joseph Weizenbaum. $5 .95 
_ _ Dictionary of Microcomputers, by Phil ip E Burton. Hardback, 169 pages. $12.50 
__How to Buy and Use Minicomputers and Microcomputers, by Wi lliam Barden . 240 pages. $9 .95 
__The Underground Buying Guide, by Dennis A King. $5.95 
__PCC's Reference Book of Personal and Home Computing. $5.95 
__Understanding Microcomputers and Small Computer Systems, by Nat Wadsworth. $9.95 
__The Thinking Computer, Mind Inside Matter, by Ber tram Raphae l. 322 pages. $6.95 
__Microcomputer Handbook, by Charles J Sip p!. Hardbac k, 454 pages. $19.95 
__Computer Lib, by Theodo re Nelson. 126 pages. $7 .00 
__Microcomputer Design, by Martin Research . $14.95 
__ Introduction to Computer Programming, by Rudd A Crawford and David H Copp. $4.35 
_ _ Payroll With Cost Accounting, by Adam Osborne. 365 pages. $12.50 

Praised by many cri t ics as t he best books in their field, The Art of Computer Pro· 
gramming, Volumes 1, II and Ill , are part of a p rojected seven vo lume omnibus su rvey of 
compute r science now bei ng completed by Donald E Knuth. 
__Volume I, Fundamental A lgorithms. begins with a tho rough discussion of the 
mathematics used in computer programming, followed by a trea tment o f in fo rmation 
str uctures, stacks, ar rays, li nked l ists, dynam ic storage al loca tion, and t rees. 634 pp ; 
$21.95 . 
_ _ V olume II, Seminumerical A lgorithms, is concerned with random nu mbers, stat isti · 

cal tests, random sequences, as well as ar ithmetic (floati ng poin t and mul t iple precision) , 

pol ynomials, and rational arithme t ic . 624 pp ; $21 .95. 

__V olu me 11 1 deals with Search ing and Sorting, and as the name imp lies, the emphasis 

is on algorithms for sorting, including com bi natoria l properties of permutations, interna l 

sorting, optimum sort ing, and external sorti ng. Also included is a sec t ion on sequen tia l 

searching , hashing, digital searching, and mo re. 722 pp ; $21 .9 5. 


A hy pothetical assembly language ca lled MIX has been developed by the author t o 
illustrate p rogramm ing examples throughout the series. M IX is easi ly convertible to other 
assem bly Ianguages. 

Prof Knuth writes w ith style and wit (am ong many memorable quotes is one f rom 
McCall's Cookbook!). Th is classic work bel ongs on the reference shelf of everyone 

l_::~~~y- i~:~~·:~~~:~~u~:~~~n~~ - - -- -- - __ ---- ___ _ _ - - ________ 

Art of Computer 


Programming 


· 
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·--------------------------------------------------------­
__Projects in Sight, Sound and Sensation F -----d---G----------------------1 
by Mitchell Waite. Dedicated to "al l space un an ames 
cowboys. " Detai led theory and pract ice of 

seven fasc inat ing amateur electronic pro­

jects, along with a detai led appendix on how 

to make PC boards. $5.25. 


__What to Do After You H it Return or 

PCC's First Book of Computer Games. This 

is PCC's first book o f compute r games, a 

compend ium which inc ludes descrip tions of 

numerous games, and listings of 3 7 selected 

BASIC games. $8 New Second Ed i ti on. 


__Game Play ing With Computers by 

Donald D Spencer, published by Hayden. 

Topics include numerous mathematical 

problems, casi no gam es, boa rd ga mes, 

unusua l gambling games, and miscel laneous 

logic ga mes. Numerous BASIC language 

programs and list ings are included to show 

detai ls. $1 6.95. 


__The Best of Creat ive Comput ing V olume I. 
_ _ Chess Sk ill in Man and Mach ine edited __The Best of Creative Computing Volume 11. Culled fr om pages of Creative Com ­
by Peter W Frey . This is a most fascinating puting Magaz ine, these two volumes provide f ic t ion, fun, foo lishness, and plenty of nuts 
book, concern ing itself w i th the when, how, and bo l ts comm entary and p rogramm ing informa t ion for anyone curious or ser ious 
and why of computer chess. $ 14 .80 . about the wonderful wor ld o f personal comput ing . $8 .95 per volume. 

New! 
__The BOBOA Bugbook is an excellent source book covering al l aspects o f the 80 80 A 
processor ch ip . Hardware and sof tware are discussed with equal thorough ness. Chapte rs 
cover what a microprocessor is. generating a device select pulse, clock cycles and timi ng 
loops, input and ou tput, subroutines, in terrupts, ex ternal flags and stacks, and the 
8080A instruction se t . Numerous examples are included to aid the reader in under· 
standi ng the materia l . Each section conc ludes with a ser ies of thought provoking ques ­
tions. $9.95. 

The BITS Catalog 
At last! The BI TS catalog is herel We've carefully screened 
and evaluated scores upon scores o f microcomputer books 
and reference texts. Now we o ffer w hat we believe to be 
the most au thoritati ve, most comprehensive catalog of 
personal computing publi cat ions available anywhere . I t 's a 
reference work in itse l f . Catalog sent w ith every o rder. Or 
si mply circle the B IT S number on y our BYTE reader service 
card. 

Order by Telephone 
WATS up? The B ITS toll free hotli ne is now available for 
custom er orders. Dial y our bank card orders Monday through 
Fr iday be t ween 9 :00 a.m . and 5 :00 p .m . Eastern Sta ndard 
Ti m e. 1-800-258 -5477. In New Hampsh i re, cal l 924-3355. 
Before you dial, please have ready y our BankA mericard or 
Master Charge credit card number and expiration date, the 
tit les of the books you wish, and your shipping address. 
To call about an order - please dial (603 1924-3355. 

DI AL YOUR BANK CARD OR DE RS ON TH E BITS TO L L FREE H OT LI N E: 1-800-258-5477. 

In New Hampshire, cal l : 924-3355 Check Payment method 

Send to : __My check os enclosed 

BITS, Inc. --Bill my MC No. ___,____.___.___Exp . da1e _____ 
,_,. 

70 Ma in Street - •- __ Bil l my BAC No. Exp . da te - --- ­-
Peterborough NH 03458 

$Total for al l books checked ___ 
m 

Address Postage, 50 cen ts per book l or___ books s _ _ _ 

Coty Stat e Zop Code Overseas . 75 cents per book for ___ books S 

Grand To1al 5 ___ 

1 na tur e 
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SAVE 10-20% 
ON LEADING LINES 

FLOPPY DISKS 
Best price & delivery on 
floppy disk interfaces 

North Star Micro Disk , kit List s699 $ 599 
Above, assembled List S799 699 

Vista Micro Disk, k it List $649 549 
Above, assembled List S749 649 

New Micropolis MacroFloppy 
1143 kilobytes), assembled 695 

Dual Micropolis MetaFloppy 
!630 kilobytes) 1895 

(MICROMATION, TARBELL. & other interlaces and drives 
also available.) 

Z-80 S-100 CPU BOARDS 

Digital Innovations reg. st69.95 $ 129.95 
Nonh Star 4 MHz reg. $199.00 169.95 
TDL ZPU reg . $269.oo 229.00 
Assembled and tested (any of above) ­

LIM ITED TIME SPECIAL ADD $ 40.00 
(CROME NCO, ITHACA AUDIO, and others available.) 

S-100 ADAPTERS for Heath 

H-8, Radio Shack TRS-80, or 

Intel SBC - Introductory offer: 


ONLY $49.95 


S-100 MEMORY BOARDS 

North Star 16K Dynamic RAM 
Kit List $399 	 $ 329 
Assembled List $459 379 

Dynabyte 16K Dynamic RAM, 
Assembled & Tested List s399 319 

SD 32K Dynamic w/8K, kit 149 
SD 32K Dynamic w/16K, kit 249 
SD 32K Dynamic w/32K, kit 449 
Cybercom ISSMl 16K Static w/4K. kit 139 
Assembly !for any of above items) ADD 50 

MAINFRAMES 

North Star Horizon 1, kit us1 s1599 $1349 
Above, Assembled & Tested Lists 1099 1599 
Nonh Star Horizon 2, kit Lists1999 1699 
Above, Assembled & Tested List S2349 1939 
I MSAI 8080 w/22-slot, ki t List S699 584 
IMSAIPCS80/30L1s1Sl199 1018 
I MSAI PCS 80115 699 
IMSAI VDP 8011000 L1s1S5995 5094 
TDL Xi tan 1 us1 s769 654 
(Also save on CROME NCO. POLYMORPHIC, & SOLID 
STA TE MUSIC. ) 

NAKED S-100 SYSTEM 
Z-80 CPU . 8K , 16x64 Video Interface 

and interface to keyboard, kit $ 595 
Above, Assembled 745 

Add SI.SO per board and/or S10 per system /or handling, 
shipping, and Insurance. 

SEND FOR FREE 64-PAGE CATALOG. 

MiniMicroMart, Inc. 
1618 James Street 

Syracuse, New York 13203 
(315) 422-4467 
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The Altair 

(S-100) Bus 


Forum: 

PCC 77 

John Mccallum 
Compu ter Science Dept 
York University 

Downsview, Ontario M3J I P3 
CANADA 

An Altair {S-100) forum was held at 
Persona l Computing 77 in Atlantic City NJ 
in August 1977. The forum, led by William 
Goble, dealt with some of the problems of, 
and the future of the Altair (S-100) bus 
structure. As secretary for the group, I have 
tried to collect the ideas from the forum. I 
have also taken so me liberties in add ing addi­
tional information gathered at PCC 77 
relat ing to the di sc ussions. 

Expansion of the Bus 

1. 	 Eight extra lines are not available on 
the bus fo r a 16 bit data bus. 

2. 	 16 standard address Iin es are avai lable 
plu s fo ur semistandard (A16 to A19) 
li nes used by Technical Design Labs 
{T DL). 

3. 	 Expansion to a 16 bi t data path can be 
ach ieved by: 
a. 	 Ignoring conflicts on som e Altair 

(S-100} lines, using th em and en­
suring your system wi ll work (12 to 
17, 59 to 66) . 

b. 	Multip lexi ng data down the present 
data lines a byte at a time (the 
Alpha System does this, as does the 
8080, etc, duri ng a multibyte 
instruct ion): this entails a smart 
processor board. It could slow the 
processor tim ing or cause speed 
limi tation problems with the bu . 
(Th is can also be used with 12 bit 
processors.) 

c. 	Using two para llel Altair (S-100) 
boards : a wasteful techn ique, but 
one which simplifies some problems. 

d. 	 Us ing a ribbon connector on the 
top of the cards to con nect extra 
data and address lines : this means 
that only the expanded precision 
cards are affected. Noise problems 
can be reduced in the connector 
by alternating grou nd I in es an d 
power lines wi th data and address 
lin es. (32 data and 32 address lines 
would all ow for any foreseeab le 
expansio n.) 

Method b is most practical for imm ediate 



expansio n. Method d is needed fo r long ­
range expansio n for 32 bit microprocessors 
(perhaps as a 16 bit path used in conju nction 
with b to achieve 32 bits) . 

Problems with the Altair (S-100} Bus 

1. No ise 
Two exam ples of bad Altair (S-100) 

bus layout were ci ted . The noise on 
these buses was such that intermittent 
operatio n of the system resulted. 
Noise on the bus can be caused by the 
fo llowing: 
a. Crosstalk 

Crosstalk occurs between ad ­
jacent lines along the length of 
the bus. The bus consists of the 
mother board plus the traces 
before ending at ind ivid ual com­
ponents on all boards in the system. 
High frequency signals are likely to 
be transferred from line to line. 
Spacing layout, construction mate­
rials of the mother board, and 
reflections (see next section) can 
all serio usly affect cross ta I k. 

b. Reflections 
When a signal reaches the end of 

the bus, part of the signal is reflec­
ted . [Reflection can occur with any 
wavel ike phenomenon, including 
l ight waves, sound waves, or high 
frequency electrical signals. It hap­
pens when the wave strikes a 
medium of different characteristics 
than the original medium (differ­
ent density, for example, in the 
new medium}.] Reflection can be 
stopped by proper termination of 
the line. Two types of termination 
devices are in use in some Altair 
(S-100) bus designs. The effect 
of present terminators has not 
been studied in detail (even by 
the designers) to get comparat ive 
effects. However, the general con­
sensus is that any attempt at ter­
mination is good. 

2. Speed 
There is a limit to the Altair 

(S-100) bus's speed. Th is occurs due 
to a propagation de lay of from 1 to 
10 ns down the bus, and as a result of 
noise from reflection and the increase 
of crosstalk with speed. The speed 
limit changes with diffe rent design 
layouts. One manufacturer who had 
run computer simul ations on their 
design would claim only 4 MHz with 
complete confidence (it was the 
cleanest system 1 saw). With at least 
two other systems running into trou-
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Novice Lurk• a 
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Help free the novice in your life w i th 
two outstand ing selec tions f rom BI TS ... 

Your Home Computer, by Jam es 
Wh ite, is a clearly wr itten nontechn ical 
description of personal computers tha t 
requires no prior knowledge of computers 
or electronics. The emphasis is on under ­
stand ing ; over 100 illustrati ons are included . 
Top ics include : comput ing and you ; com ­
municat ion inside a computer; computer 
thought processes; fixed memory ; inpu ts 
and outputs ; peripherals; systems com­
ponents; how co choose a microcomputer; 
and so on. Your Home Computer Is the 
ideal book fo r readers who thought they 
cou ld never understarld how computers 
work . And the best part is that it's easy 
and .fun to read . Yours for $6. 

The perfect book for the layman or 
woman, How You Can Learn to Live With 
Computers is a lively account of these 
ubiquitous machines and their role in 
present soc iety . Author Harry Kl ei nberg 
begins w ith some elementary logic and 
shows how a simple hardware circuit can be 
used to illustrate l og ical concepts. $8 .95. 

BITS Inc 
70 Main St 
Peterborough NH 03458 

For ease in ordering, use the coupon on 
page 147, writing in the name(s) of the 
book(s) you want. 

Please note that p rocessing may exceed 30 
days in unusual cases. 

Ci rc le 1 0 Orl inqui ry card . 

bles even at 2 MHz, there is a real 
question of bus design and proper 
termination . Claims of some manu­
facture rs with fast buses were in open 
question. 

Conclusions were that if you have 
noise problems, add a terminator 
(terminator boards are available) and 
see what happens. On a well-designed 
system with proper termination and 
shielded layout of the mother board, 
the real speed lim it should be about 
10 MHz. On nonterminated unshielded 
systems, the speed limit wil l probably 
be about 3 MHz. Some study is needed 
to know more exactly, however. 

3. Incompatibility 
Several of the original ly undefined 

pins have now been multiply defined 
{12, 13, 14, 56, 57, 58, 59 ' 60 , 62, 
63, 64, 65, 66, 67). These al l have 
various definitions. There is no real 
way to correct or prevent these in­
co nsistencies, since the individual 
designer can arbitrarily use the lines. 
For the user, however, we need to 
know the exact bus structure for each 
board so we can check for compatibi l­
ity with our own systems. Thus all 
Altair (S-700) bus products should 
include a bus description showing 
which leads used on their individual 
boards are input, output , bidirectional, 
unused and speed (if clocks). A list of 
compatible and incompatible boards, 
and perhaps some outline of how to 
achieve compatibility would also be 
helpful. 

In any case, the following de facto 
standard usage of lines is building up 
due to usage : 

Pin 14 	 Battery backup (Seals, Ithaca 
Audio} (also being wired to top 
of board by most battery backup 
boards} 

Pi n 60 	 A16 Address (TDL} 

Pin 61 A17 (TDLl 

Pin 62 A18 (TD L) 

Pin 63 A19 (TDLl 

Pin 66 RFSH Refresh for dynamic mem ­


ory (Z-80 systems} (Cromemco, 
SD Sales) 

4. Electrical 
Some mention was made of govern­

ment regulatio ns and lack of shielding 
and interlock devices on boxes housing 
microprocessors. A question of UL 
ap proval of a device with different 
vo ltage sources on adjacent connectors 
was also raised. No one knows the 
status of the rumors, but it cou Id 
cause problems for commercially pack­
aged devices in the future. 



5. Duplication of data lines 
With bid irectional bus drivers read­

ily avai lable, the use of eight extra 
lines for data in an d data out is ques­
tionable. Some manufactu 1-ers are 
moving from data in and data out to 
bidirectional usage. This can cause 
diffi culties in some des igns of memory 
in a system . Alt hough separate data in 
and data out I ines cause inefficient use 
of space, th ere is so me use in board 
design. Also, despite any inefficiencies, 
it is th e standard; but on any bus 
expansion to 16 or 32 data lines, 
a bidirectio nal bus wou ld be best. 

General Comments 

The Altair (S-100) bus has its problems. 
However, it is widely used (over 100 manu­
facturers produce prod ucts for it). It is 
speed limited , but then, the PDP -8 has no t 
changed speed much in a decade . (The 
PDP-8 sti ll compares well in benchmarks 
too!) Inco nsistency in Altair (S-100) line 
definitions has usual ly caused few pro blems 
to users. Noise probl ems on the bus can 
usually be cleared up by adding termina t ion 
or shielding, or by getting a new mother 
board. It has proved to be a workable basis 
fo r many design applications_ 

However, many designers wi ll see its 
obvious faults and readily define a simpler 
bus, so we wil I see new buses in the futu re. • 
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D 	 Denney and J Broom, "Why Not a Standard 
100-Wire Bus Structu re," 1£££ Computer, 
October 1976, pages 57 to 58. 

WM Gob le, " Introducing the S-100: Standard 
Small Computer Bus Structure," Interface 
Age, June 1977 , pages 66 to 79 . 

The Passing of a Pioneer 

It is with some sadness that we note 
the pass ing of one of th is cen tury's 
gre ate r innov ato rs, Dr Peter Goldmark 
Sr. Included in more tha n 150 inventions 
were pio neer ing co ntr ibu tio ns to prac­
tica l long play ing record tecllno logy. 
Dr Golclmark's rece nt work s ince be ing 
ret ired from CBS Laboratories conce n ­
trated o n innovative uses of cable te le­
vision, domest ic satell ites and e lectro nics 
publishing - all areas wh ich border on 
many of our reade rs' in terests as users of 
computers. • 
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CIE Net: A Design for a Network 


Mike Wilber 
920 Dennis Dr 
Palo Alto CA 94303 

The Cl E Protocols 

Overview of the Protocols 

Two kinds of protocols are needed to 
transm it messages from one Cl E to the 
next. First the stations that want to talk 
to one another must agree on the language 
they wil l use for talking to one another, and 
second , the stations along the path between 
th e two stations must agree on the language 
they wi ll use among themselves for trans­
mitting messages between the end points. 
For brevity, we can call the first one an 
end-to-end protocol and the second an 
interstation protocol. Al l these protocols 
sh are an important property that can be 
used to help th em coexist with o ther non­
Cl E Net protocols, be they experi mental 
variations or comp lete ly different proto­
cols: each interstation transmission and each 
end-to-end message starts with a code that 
identifi es the protocol set being used. In 
addit io n, each of the d ifferen t end-to-end 
messages contai ns a crucially placed param­
ete r line that identifies which (of a possible 
set of variations) is the approp riate way to 
interpret it. 

The interstation protocol itse lf breaks 
down into two parts. When the stations 
fi rs t es tab I ish a connection, they must 
first negotiate the parameters th ey will use 
to initia li ze themselves. Once the stations 
are prepared to proceed, then they need a 
protoco l that is adapted to the transmi ssion 
of network traffic an d addit ional inter­
station control in for mat ion. For brevity, we 
wil l call the protocol in which the init ial 
nego tiations are transacted the initial con­

nection pro toco l. Simil arl y, the pro tocol 
fo1· transmitting interstation cont rol in­
for·mation wi ll be called the station control 
pro tocol. Since netwmk messages will 
typically be so long that stations wil I gen­
erally wish to subdivide them in to trans­
mission blocks, we will call the main in ter­
station protocol for hand Ii ng network traffic 
the bl ock framing prn toco l. 

Most interstation traffic will be co n­
cerned with the t rans mission of network 
messages, so I propose optimizi ng the inter­
station pro tocol toward the block framing 
protoco l in this fashion. When two stations 
are first co nnected, they wi ll use the in itia l 
connection pro tocol to esta bl ish the pa ram­
eters for all fut ure conversations over the 
connection. The initial connection protocol 
is not very highly coded an d so gains a very 
wide accessib ility to a wide variety of pro­
toco l in terpreters at the cost of inefficient 
uti li zation of the interstation channe l. 
(Thus, the initial connection protocol can be 
used to establ ish the iden tity of the pro tocol 
set to a protoco l in terpre ter that is pre­
pared to handle protocols quite different 
fro m those I am proposing here. In fact, the 
ini tia l connection protocol identi fies itsel f 
in the first four characters transmitted over 
the co nnectio n.) At the end of the initial 
connection pmtoco l, the stations agree to 
subsequently use the block framing pro toco l 
for all future transmissions. Th at protocol 
is quite high ly coded for efficient uti liza tio n 
of the channel bandwid th and is optim ized 
to handle transmission blocks of network 
messages; the station control protocol is 
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of Community Information Exchanges 


Part 2: Protocols 

< BNF description> .. 
<equation > .. 
< formal word> .. 
< alternatives> " 

< sequence> .. 
<. item> .. 

< informal description>:: 

< literal item> 

< double quote> 

< optional item> 

< equation> r < BNF description> I 
< formal word > ":: =" < alternatives> 

" < " any text not including a right pointy bracket" > " 

< sequence> l " !" < alternatives> I 
< item> l < sequence> I 
< formal word > ! < informal description> ! 

< literal item > ! < optional item > ! 
" { " < alternatives> " } '' 

any text (possibly including < formal word> s or < double quote> s 
within parentheses), but otherwise including none of the (six) 
brackets used in this definition , no exclamation point (nor any 
< double quote- ) 

< double quote> the text to be used (including no < double quote> s) 
< double quote> ! 
a sequence (of three < double quotes> s) representing a single 
(< double quote>) 

"[" < alternatives>" I" 

Figure 7: Backus-Normal Form (BNF} Notation. I occasionally show the format of network 
messages, etc, in a slightly formal language very close to BN F In this notation I present a bunch 
ofequations that define formal words (enclosed in <pointy brackets>} in terms of other formal 
words, things that must appear literally in the thing being defined {enclosed in "double 
quotes") and informal English descriptions (not enclosed in anything at all}. Each equation 
has a formal word on Its left side, the definition sign (:: =}, and the definition on the right 
side. A definition can include a list of a/ternalives (separated by exclamation points), of which 
exactly one must be chosen. Each alternative is a sequence of items that appear in the thing 
being defined (in the order they are indicated). Each item can be a formal word (whose de fini­
tion is given in another equation), an informal description, a double-quoted literal item, an 
optional item (enclosed in (square brackets}) or a list of altemati11es (enclosed in { curly 
brackets } ). (Also note that, In spite of the fact that all literal items in my BNF definitions will 
be given in lower case, the distinction between upper und lower case is to be ignored. Thus, 
the literal "reply" should not be distinguished from "Reply," "REPLY" or "rePIY. ") For 
example, my version of BNF can be defined by the above equations by using these same con­
ventions. 
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ha nd led by the block fram ing protoco l as 	 The fi ve different types of messages are 
disti nguished by a characte ristic word just a special case. 

The end-to-end pro tocol also breaks al the point where thei r formats diverge. 
down into two parts. There is a common Finall y, the message fra me prov ides for 
message fra me, and the1·c are five kinds of encry ption, compression or segmentation 
en d-to-end messages that shai-e it. The of the message contents. Encryption is 
message frame shows, al the very least, the especially important if people are to trust the 
seria l nu mber of the prntoco l set in use and network to transmit thei r private messages 
the address Lo which th e message is being th rough an unkn own num ber of com pu te rs 
sent. It can also inclu de some information belonging to peopl e whose in tentions arc 
for error detec tion, ack nowledging intact unknown. Compress ion is prov ided just to 
receipt or both . The message frame can also economi ze the use of narrow channels. A 
include a uniq ue identi rier for the message. uniform means of segmentation lets people 

< interstation transmission> 

: : = < initial connection transmission> ! 


< interstation message block> 


< initial connection transmission> 
. . < greeting > ! < offer> ! < acceptance> ! < denial> ! 

< error report> ! < reset command> ! 
< final initial connection transmission> 

< greeting> .. "hiya" < protocol number> "," (the sender's < net address> ) 
":" (a < number> giving the maximum number of characters 
the sender can accept in an < interstation transmission>) < crlf> 

< offer> .. " lets" < short addr part> < offer tail> 

<short addr part> .. ":" <short sender addr> " ,' ' 

< offer tail> .. " maxbui -"<number> < crlf> 

< short sender addr> .. = " O" 	(if the sending station's <net addr> has a lower ZIP code than 
the receiving station's < net addr> or if their ZIP codes are the 
same anq the sender's < ZIP code suffix> is the lower) ; and 
"l" otherwise 

< acceptance> " yeah" < shor t addr part> < offer tail> 

<denial> " nope" < short addr part> < offer tail> 

<error report> " oops" < line> < crlf> 

< reset command> " tilt" < line> < crlf> 

< final initial connection transmission> 

: : = " doit" < line> < crlf> 


< interstation message block> 

. . < block head> < block tail> < crlf> 


< block head> .. (the radix-41 representation of a < ct! wd> ) 

(the < ct! wd> 's I -digit radix-41 checksum) 


< block tail> .. < block body > < block body checksum> 


< block body> .. (the radix-41 representation of the < block contents> ) 


< block contents> .. <special contents> ! < data contents> 


< data contents> .. the data the sender wants to send 


< block body checksum> 

(the < block body > 's 2-digit radix-41 checksum ... 


see the text) 


< ct! wd> (a 16-bit word laid out as follows ; see the text for explanations 
of the fields) --3--­ ---3--­8- ­

bits bits bits 
--1--­

bit 
----1-­

bit 

< block length> < acks> < block #> < xmitdir> < special > 

< special contents> (a sequence of 16-bit words , each having an operation code in the 
more significant 8-byte and perhaps some data in the less 
significant 8-bit byte ; see the text fo r more details) 

Figure 2: lnterstation transmission formats. The interstation transmissions o f a CIE Net use 
the syntax of this definition. The two main components o f the protocol are initial connection 
transmission used to negotiate parameters o f initializa tion between the two stations, and the 
interstation message block or block framing protocol which is used for the bulk of network 
traffic. The design is optimized for the block framing protocol (end to end message frame), 
since this will be the predominant form o f transm ission on the network. 
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send files that are much longer than the 
network can graceful ly handle as single 
messages. The five different kinds of mes­
sages sharing the message fra me are: 

• 	 mail for people; 
• 	 file retrieval and storage; 
• 	 messages directed to other nets; 
• 	 messages containing or req uesting 

statistical information; and 
• 	 replies to the other four classes of 

messages. 

The Block Fram ing Protocol 

The block framing protocol provides a 
number· of features to ensure that messages 
are reliably transmitted between adjacent 
stations. (It bears some resemblance to the 
ARPA Net's Very Distant Host protocol 
and to a protocol known as DDCMP of 
Digital Equipment Corporation's DECnet.) 
It provides for error detection and retrans­
m1ss1on . It provides for the proper se­
quencing of blocks in the face of lost or 
duplicate error-free transm issions. It wil l 
accommodate the half-d uplex line discipl ine 
where it must, and it will capitalize on the 
full-dup lex line discipli ne where it can. It 
uses the radix-41 representation for arbitrary 

binary data so that the programs that re lay 
message blocks can be written in string 
BAS IC. It also provides facilities to al low 
adjacent stations to test the ir co nnection 
and programs. 

Message blocks have a format that is 
shown in figu re 2. A block contains a head 
and a body; Lo provide error resistance on 
the telephone line, the head and body are 
each represented in a special radix-41 code 
(to be described in the third part of this 
series next month), and are separately 
protected by check digits. The block head 
has a 1 digit checksum, which is the sum 
(mod ulo 41) of the three (radix-41) digits 
representing it The body, on the other 
hand, has a 2 digit checksum that makes the 
sums of the odd numbered (ie: fi rst, third, 
fifth, etc) and even numbered (radix-41) 
d igits o f the <b lock Lail> both zero. For 
example, if there are an odd number of 
digits in the < block body>, then the firs t 
<block body checksum> digit protect the 
even numbered < block body> dig its. (Thus, 
the checksum calcul ation can proceed in­
dependently of the <block length>.) This 
interlacing helps resist noise that comes in 
bursts, as is most often the case with phone 
li nes : noise is relatively unusual, but when it 

Note: The thi rd part of th is 
ser ies contai ns full bib lio· 
graphic citations of se lected 
cogent references, such as 
ARPA Net specifications. 
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occurs, it typically lasts long enough to wipe 
out several consecutive characters. With the 
transmission coded as several interlaced 
groups of digits that are separately pro­
tected , the chances are quite good that a 
burst of noise wil I be detected in at least one 
of the groups. Berlekamp observes that no 
error detecting code can resist more errors 
than can be represented by the check digits; 
two radix-41 check digits can detect 1681 of 
the possible error combinations. The particu­
lar scheme mentioned here is optimized to 
detect errors that are confined to two adja­
cent digits, but it can also detect isolated 
errrors. 

Transmission blocks have numbers, as­
signed by counting (modulo 8) from zero; 
blocks going in each direction are numbered 
independently. Each transm 1ss1on block 
includes its own number and the number of 
the next expected block in the other di­
rection. Each station remembers the block 
number its partner most recently expected 
and takes care to get no more than four 
blocks ahead of its partner. Any arriving 
block that is in error is rejected, and th us 
treated just the same as lost transmiss ions. 
A station that has four unacknowledged 
blocks outstanding can then conclude that 
the first of them was in error and should 
attempt to retransmit it. The duplicate 
transmissions resulting from this procedure 
can be detected because the window is half 
the size of the total space of block numbers: 
if an arriving block has the number of a 
block that has been received since the last 
time it was expected, it is a dup licate and 
can be discarded. 

The fields of a <block head>, then, are 
as follows: 

• 	 The <block length> is the number of 
16 bit words in the <b lock contents>. 

• 	 The <acks> field is the number of the 
next expected block . 

• 	 The <block #> field contains the 
number of th is transmission block. 

• 	 The <xmitdir> fie ld is the <short 
sender addr>. 

• 	 The <special> flag is a 0 if the <block 
contents> are <data contents>. or a 
1 if they are <special contents>. 

A special block contains a number of 
16 bit words that are used for maintaining 
the in terstation link. They are distinguished 
by an operation code in the more significant 
8 bit byte and can optionally contain data in 
the less significant 8 bit byte. They are: 

0 - The message is complete, ie: the next 
data block starts a new message. 

1 - Turn the line around. This one is 
used when the line is a half-duplex. line , 
and so the stations must take turns 
transmitting. 

2 - This block is just an acknowledge­
ment; don 't reply to it. 

3 - I have buffers for some more data 
blocks; please send them. The number 
of data blocks that can be accommo­
dated is given by the optional data and 
overrides all previous al locations. 

4 - Goodbye, I' m signing off. Don't 
expect any more transmissions from 
me. 

5 - Please reset yourself, I'd like to 
go back to the state of swapping 
<greeting>s. 

6 - Echo this message, please, J'd like to 
see if it got to you OK. (Only the 
<b lock contents> are echoed.) 

7 - Th is is the echo you requested. (All 
echo request bytes in the block are 
changed to echo reply bytes when the 
block is echoed.) 

8 - Ignore the data part of this word. 
9 - Something is wrong. 

10 - Discard this block (but acknowledge 
it). 

11 	 - Selective negative acknowledgement: 
the optional data part gives the number 
of a block whose head arrived intact 
but whose body did not. 

12 - Ignore the <block #> of this block 
and process its <special contents> 
immediate ly. (This word must be the 
first in the <special contents> to 
assure proper processing of the block.) 

Note that these protocols say nothing 
about certain necessary operations. They 
are the steps by which the adjacent stations 
rendezvous and include operations Iike 
phoning a station's host computer, logging 
into its operating system and provoking the 
appropriate programs. The detai ls of these 
operations are idiosyncratic to the host sys· 
terns and cannot profitably be specified 
here. These protocols only cover the com­
munications between the stations after 
their rendezvous has been established. 

The End-to-End Protocol 

The end-to-end protocol specifies that an 
end-to-end message consist of a uniform 
message header and one of five different 
kinds of message contents; the formats are 
shown in figure 3. In addition, the <message 
tai l> (wherein resides the message contents) 
can be encrypted or compressed, or can 
co ntain only part of a long message. The 
<message head> contains al l the informa­
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The ultimate book 
about microcomputers. 
Written by experts 
... SCELSI and BYTE. Over 
400 pages. A collector's item, 
featuring The Basics 
from the first 16 issues of BYTE and SCELBl's 
classic library of books. Your microcomputer 
bookshelf is incomplete without this priceless edition . 

Y
ou can't buy information 
organ ized like this any­
where. This is the book 

that everyone who is into micro­
computers needs for reference, 
for ideas, for clues to problem 
solving. It is a truly authorita­
tive text, featuring easy-to-read, 
easy-to-understand articles by 
more than 50 recognized pro­
fess ional authors, who know and 
love microcomputers from the 
ground up. Logical and com­
plete, it features many glos­
saries, and is illuminated with 
profuse illustrations and photo­
graphs. 

The Scelbi/BYTE Primer is 
divided into four logical sec­
t ions, that take you from point 
"O" through building and pro­
gramming your own computer ... 
step-by-step-by-step. 

What can you do with a micro­
computer? Checkbook balanc­
ing. Recipe converting and food 
inventory. Heating and air condi­
tioning control. Home and busi­
ness security and management. 
Play ing the ponies. Analysis of 
the stock market. Maintaining 
massive data banks. Self-instruc­
tion. Toys and games. Small 
business accounting and inven­
tory. And lots, lots more. 

Circle 101 on inqui ry card . 

How does a microcomputer do 
it? Lots of " how to" theory. In­
troduc ing you to microcomputer 
operation. 6800, 6502, Z80 CPU 
chip capab ilities. RAM and ROM 
memories. Addressing methods. 

Over 400 pages. Selected articles 
from BYTE and SCELSI books. 
Profusely illustrated. Many 
photographs. $10.95, plus 50 ¢ 
shipping and handling. 

How to control peripherals. 
Transmission of information to 
and from computers. Magnetic 
recording devices for bulk stor­
age. Analog to digital conver­
sion. How a computer can talk. 
Other 1/0 techniques. And more. 

Order your copy today! 
SCELBI COMPUTER 
CONSULTING INC. BITS 
Post Office Box 133 PP STN 70 Main St ree t 
Dept. B Peterborough, NH 
Mi i ford, CT 06460 03458 

1·800-258-54 77 

Prices shown l or North American customers . 
Masier Charge . Postal and bank Money 
Orders pre ferred _ Personal checks de lay 
shipping up lo 4 weeks . Pric ing, specff ica­
l ions. avai labl l lly subject lo change wi thout 
notice . 

All about building a micro­
computer system. Over 12 com­
plete construction art icles. Fli p­
flops. LED devices. Recycling 
used ICs. Modular construction. 
Making your own p.c. boards. 
Prototype board construction. 
Make your own logic probes. 
Construction plans for 6800 and 
Z80 computers. Build ing plans 
for I/Os - TV and CRT displays, 
cassette interfaces, etc. Mathe­
matics functions. ROM program­
mer. Plus much, much more. 

How to program a micro­
computer. Programming for the 
beginner. Assembling programs 
by hand. Monitoring programs. 
Number conversions. Game of 
Hexpawn. Design your own as­
sembler. Lots more. 

And that 's only the beginn ing! 
Others have spent mill ions ac­
quiring the type of microcom­
puter information found with in 
the 400 pages of The Scelbi/ 
BYTE Primer. But, it costs you 
only $10.95, plus 50¢ for postage 
and handling, complete ! You 
know the quality of Scelbi and 
BYTE. This is your assurance of 
excellence throughout this MUST 
text. Order your copy today! And, 
get one for a friend! 
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Figure 3: End to end 
message frame formats. 
This BNF text describes a 
syntax for data sent using 
the interstation protocol 
for each link of a trans­
mission. No te that buried 
in the message protocol is 
the address Information 
for both the source and 
the destination. All mes­
sages passed along the Cl E 
Net are strings of data 
created according to this 
format. 

t ion necessary fo r the automatic generation 
of replies in the rep ly pro toco l. Repl ies are 
at the option of the send ing CIE. The first 
word of the < message tail> shows which of 
the fi ve ki nds of message tai l it is, and the 
rest of the < message tail> is co mplete ly un ­
spec ified in top leve l of the end-to-end 
protocol. Otherw ise, the first word of the 
<message tail> indicates that the ta il is 
en crypted, compressed or partial, and a 
simi lar uni for m fo rmat shows the t rue 
co ntents. Encrypted and compressed tails 
al so contai n a parameter line givi ng details 
of the procedure used, so that the source 
and destination of the message can agree on 
a num ber of alte rnative procedures. 

It may no t be obvious at f irst glance why 
message replies should be optional. Actu all y, 
the re are two reasons, both of wh ich derive 
fro m a desire to reduce network traffic by 
el imin ating superfluou s repli es. Sin ce the 
overal I design for a Cl E Net includes a very 
real possib ility of lengthy transmissio n 
delays, the sending Cl E may have lost 
interest in proper transmission of a message 
long before its rep ly arrives. Thu s, the send­
ing CIE is all owed the option of omitting 
any request fo r a reply jus t to simpli fy its 
own boo kkeeping. On the other hand, many 
ARPA Net messages are sent that don't need 
rep I ies on the lowest level either because 
they are acknowledged on a higher level, or 

<message> 


< message head> 


<protocol number> 


<message length> 


< number> 


< crlf> 


< dest net addr> 


< net address> 


< gap> 


< ZIP code suffix> 


< reply head> 


< sou.rce net addr> 


< message i.d. > 


< date> 


< message tail> 


< encrypted tail> 


<parameter line> 


< line> 


< compressed? tail> 


< compressed tail> 


< partial? tail> 


< partial tail> 


< real tail> 


< reply tail> 


< stats tail> 


< gateway tail> 


.. < message head> < message tail> 


.. < protocol number> "," [ < message length> " :" < gap> ] 

< dest net addr> ( < reply head> ] <crlf> 

.. = < number> 

.. the number of characters (in the < message> expressed as a 
<number> and counting each < crlf> as two characters) 

.. a decimal number 

.. a carriage return immediately followed by a line feed 

.. the address of the destination (expressed as a < net address> ) 

.. [" usa"] < gap> the ZIP code for the station's address "-" 
< ZIP code suffix> 

.. = any sequence of zero or more tabs and blanks 

.. a 3·digit number from 000 to 999 inclusive 

.. "" "(" [{"~svp" ! " later"}" :" < gap>] < source net addr> 
[":" < messagei.d.> J " )" 

.. the address of the message's sender (expressed as a 
<net address> ) 

.. < date> {"," ! " "} any text that (taken together with the 
< source net addr> and the < date> ) will uniquely identify 
the (< message> ) and that includes neither a carriage 
return, a line feed nor a parenthesis 

.. the month (expressed as a <number> )"/" 
the day (expressed as a < number> )"/" 
the year (expressed as a <number> with two or four digits) 

.. < encrypted tail> ! < compressed? tail> 

.. " crypt" < parameter line> < crlf> <compressed? tail> 

.. parameters for the indicated process (expressed as a <line> ) 

.. any text including neither a carriage return nor a line feed 

.. <compressed tail> ! <partial? tail> 

.. "crunch" < parameter line> < crlf> <partial? tail> 

.. < partial tail> ! <real tail> 

.. "partial(" < source net addr> ":" <message i. d.> " )" 
{ 

1'section" < gap> < number> ! 

"bytes" < gap> <number> <gap> 

" thru" < gap> <number>} 

< gap> " of" < gap> < number> < crlf> 

the indicated piece of a (<real tail>) 


<mail tail> ! < file tail> ! < reply tail> ! <stats tail> ! < gateway tail> 

"reply" 
~."mail"! " file"! "reply " ! "stats"! " gate " 1 
('ok" ! " bad" ! " please" ! "unknown" ! "echo.I ! "discard"} 

:" < gap> [ (the original message' s 
< source net addr> or < dest net addr> )] 
(the original message's < message Ld. > ) 
< crlf> (any text) 


"stats " any text 


"gate" any text 
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because the sender real ly cares very little 
whether they arrive at all. It would seem 
that, on the assum ption th at the same 
phenomemon will arise in a CIE Net, the 
sending process should be allowed to tell 
its Cl E not to request a rep ly to be sent 
wi thin the end-to-end protocol level. Note 
that a <reply head> conta in ing a < message 
ID> must be included in a message fo r 
which a re pl y is ex pected at al most any 
level. 

End-to-end messages shou ld be arbitrarily 
lim ited in size to faci litate their transm ission 
through volunteer re lay stations and inter­
medi ate Cl Es that are only loosely organ ized 
into a highly va riable network. The con­
sideration here is buffer all ocat ion in the 
intermediate Cl Es because th ey must handle 
whole messages rather th an the smaller 
transmission blocks that are the concern of 
the relay stations. (Note that messages of 
any length can stil l be accommodated by 
several messages containing the appropriate 
<partial tail>s.) Probab ly the appropriate 
size would be somewhere between 1000 
characters and 8000 character.s; the lower 
limit is that of a single packet in the ARPA 
Net (which, according to Kleinrock, et al, 
can entirely co ntain 89% of the ARPA Net 
messages}, and the upper limit is about the 

6800 AUTOMATIC TELEPHONE DIALER 
PROGRAM .... .•........ .. $9.95 postpaid 
Have your 6800 system dia l your phon e • Uses 
onl y 5 ex ternal componen t • Sto res 650 var iab le 
length phone numbers • Opera tes in less than 1K 
bytes of memory 

point at wh ich operating systems begin to 
hassle their users. Message sizes in a CIE Net 
wil l probably be longer than in the ARPA 
Net because of the absence of the flurry of 
messages the AR PA Net needs to set up (and 
delete) the connection needed for the "real" 
message. The statis tics of ARPA Net mail are 
probably a better indication of what to 
expec t in the Cl E Net: those messages 
typica ll y run from 600 to 1400 characters. 
However, a CIE Net wil l probabl y contain a 
lot of messages that ar·e even longer for two 
reasons. ARPA Net mai l statis t ics excl ude 
the transfer of fi les containing comp uter 
programs or extended documents; both of 
those tend to be longer than the insta ll ­
ments of a running dialogue. Also, people 
who are re lat ively unfamiliar with the ARPA 
Net mail facilities tend to send messages that 
are 3000 to 8000 characters long, rather 
than the more usual shorter messages; those 
peopl e are probably mor·e representative of 
th e parti cipants in a Cl E Net, at least when 
it first becomes operational. Thus, the 
standard maxi mum message size in a CIE 
Net should probably be somewhere between 
5000 and 8000 characters. 

The Mail Pro tocol 

The mail proLocol wi ll look famil iar if 

Includes: Paper tape in Mikbug ' formal and ob­
ject code • Circu it diagram and instructions 
•I nstructi ons fo r adapt ing lo o th er 6800 systems 

6800 TELEPHONE ANSWERING DEVICE 
PROGRAM ......... . ...... $4.95 postpaid 
Have your 6800 sys tem answer your phone and 
record messages automati ca ll y. Compa tib le with 
any 6800 system. 
Include : Assembly l isting and ob ject code • ir­
cuil diagram and instructions 

Write to : SOFTWARE EXCHANGE 
2681 PETERBORO 
W. BLOOMFIELD, MICH. 48033 

Circle 107 on inquiry card. 

PDOS 

OPERATING SYSTEM 

PDOS - The PROFESSIONAL DATA OPERATING SYSTEM 
uses 1he upper 24.000 Bytes of memory (9UOO·D000) lo bring full 
Disk Operaling System capacity to any SWTPC Mini ·Floppy System. 

• 	RELOCATED FDOS - lnit. Test. Purge. Rename from 
Basic.TSC EDITOR files saved and loaded from Disk . 

• 	Compuler controlled VIRTUAL TERMINALS - Basic ca n 
modify itself. FOOS can automatically run programs. 

• Seria l and Para llel INTERRUPT PRINTERS - Prin t w hile 
you program or run applications. 

• 	HARDWARE JUMPERS - To free up the upper memory. 

• 	Package of ASSEMBLY LANGUAGE PROGRAMMING 
UTILITIES.ASCII Typing . Transfer. Compare. Search . Pre· 
sel. Dump. etc . 

Users Manual & Floppy Disk 

$4995 
PROFESSIONAL DATA 

392 State S tree t. Suite 14L 
North Haven . CT06473 (203) 281 -3286 
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Figure 4: <.mail tail> 
formats. Within the mes­
sage frame protocol the 
type of message is de­
termined by the type of 
tail applied to it. This 
<.mail tail> enters the 
syntax of figure 3 as one 
of the options for a <Jeal 
tail>. Mail messages con­
tain the <.mail body>, 
which is the message being 
sent, along with a variety 
of items specific to elec­
tronic mail activities car­
ried over the net. 

you know about the ARPA Net mail pro­ < mail body> by an empty line. The headet" 
tocol. The protocol (sec fig ure 4) is a com­ lines are suggestively titled, but two of them 
promise between the current ARPA NeL should be explained somewhat further. The 
mail protocol, its proposed replaceme nt "rrom:" lin cs serve as signatures, and the 
and the different requirements of a CJ E "sender:" (or "sent-by:'') line te lls who 
Net. It specifies a <mail tail> to consist actuall y sent the message ; the <mail sender 
of a bunch of header line , a blank line, and line> can start with "from:" if the pe r·son 
then the text of the mail. The header lines sending the message also signs it. The "e n­
are intended to be in tel ligi ble both to a closmes:" line indicates the parts of the 
human and to an automatic message han­ < mail body>; that can profitably be 
dling progr·am; the text of the message is thought of as separate enclosu r·es, such as 
only intended to be in telligible to a human. other mai l messages DI' files being forwarded. 
The < user name> in a < mail add ress line> The <number>s are offsets into the <mail 
is intended to be a name that is intelligible body>, with the first character· of the 
to the appropriate destination CIE , and th e <mail body> being numbered ze ro. Any 
< user name> in the <mai l sender li ne> is enclosure whose end is imp lied by the be­
intended to be intelligible to the sendi ng gi nning of the next enclosure or the end of 
CIE if a response is generated by a hi gh ly the message can be indicated by a single 
automated mail processing program. The number; other enclosures must be indicated 
only reservation is that a di stingui shed user by a hyphenated pair of number·s. Then, the 
name, manager, is to be reserved for mail automated mail systems have the in fmma­
sent to the people operating the CI E by tion they need to help the r·ecipient detach 
people who don 't know their names. the enclosu res. Any enclosure can, at the 

The header lines are gro uped at the front sender's option, be described by a parenthe ­
of a mail message and are set off from the sized comment to further aid the recipient. 

< mail tail> .. = < mail head > < crlf> < mail body> 

< mail head> .. "mail" < gap> < mail address lines> 

< mail sender line> 

I < optional mail headers> I 


< mail address lines> .. < mail address line> [ < mail address lines> I 

< mail address line> .. { "to" ! " cc" ! "bee"} < colon> < addresses> < crlf> 


< colon> .. <gap> ":" < gap> 


< addresses> .. { < individuals..- ! < group> } I " ;" < addresses> 


< individuals> .. < individual> I " ," < individuals> I 

< individual> .. < mailbox> l "(" < personal name> ")" I 

< mailbox> .. < user name> { "@" ! < gapl > "at" < gapl > } 


< net address> 

< user name> < nan1e > 

< personal name> < name> 

< gapl > (a < gap> containing at least one character) 

< group_. . . < name> < colon > I < individuals> I 
<name> : : = (any sequence of letters, digits, blanks, periods and dashes, but not 


containing the string" at ") 


< mail sender line> { "from" ! "' sender" ! "sent-by" } < colon> < individual > < crlf> 

< optional mail headers> 

< optional mail header> < crlf> r< optional mail headers > 1 


< optional mail header> 
<date header> ! < enclosure header> ! 

"in-reply-to" < colon> < source net addr> < colon > < message i.d. > ! 
{ 

11 from" ! lj keywords" ! 0 passwordu ! 
" precedence" ! "authentication" ! 

(any sequence of letters and dashes not otherwise specified here for 

the left end of a line in a < mail head> ) } 

< colon> < line > 


< date header> "date" < colon> { < date> ! < line> } 

< enclosure header> "enclosures" < colon> < enclosure list > 

< enclosure List> < enclosure item> [" ," < enclosure list> 


< enclosure item> < gap> < number > [ " - " < number> 

I < gap> "(" < name ? " )" I 


< mail body> the mail 's body 
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THI BISI OF THI FUTURI 


• 

I 


AVAllABll NOW.•• 

There is a new direction in the field of Science Fiction. The early period , 
the time of Gernsback , Burroughs and robots , gave way to the middle 
period of interstellar travel , Russell and Campbell . Now a new wave of 
authors , led by the most farsighted of the 'old timers' is taking Science 
Fiction into its young adulthood . Experimentation is now mixed creatively 
with the tested craftsmanship of the masters . The great work of the past is 
now the foundation of the future . The best is yet to come , and GALI LEO is 
where you ' ll find it. 

Our stories are chosen for quality of theme, plot , and characterization 
from authors both new and established. Regular features include 'The 
Aleph ' : a preview of coming books, the only advance list ing of its kind 
avai lable anywhere (H ow's that for future fict ion!) , and 'Pro-File: short 
biographical sketches of the men and women who have created each issue. 
Special feature articles attack such provocative issues as the fears of 
nuclear energy , the blessing or curse of genetic research , and the true 
unl imited potential of private exploration and exploitation of space . Edited 
and published by a staff of dedicated professionals and idealistic 
volunteers, each issue has been specially illustrated by many of the 
outstanding artists in the SF fie ld today, taking full advantage of our large 
format. 

Our intention in publish ing GALILEO is to pick up where editors like 
John W. Campbe ll left off. Science Fiction is-or shou ld be-quality 
entertainment and literature. It is the most important literature of our time, 
or any time .. . History teaches, science leads. Our GALILEO offers a vis ion 
of mankind's future through the eyes of the poet and the scientist. There 
can be no true appreciation of the present , or the past , without the 
perspective of the future . 

But the most important difference between GALILEO and other SF 
magazines, .. is care . GALILEO is the carefully crafted product of 
individuals working to the best of their ability to offer you the finest Science 
Fiction magazine of ou r age-your age. 

Science and theory are the raw materials , .. what mankind might do with 
them is Science Fiction. You can indulge your love for Science Fiction 
with as little as $6 for 6 issues (our special introductory offer) , or $10 for 12 
issues (about 83 cents per copy). Get the best of the future, now! --- -- ------ ..
This is one voyage I don ' t want to miss . Sign me up for the special 
subscript ion rate I have marked below. My check is enclosed . 

[ ] 6 issues for $6 (saving $3) [ ] 12 Issues for $10 (saving $8!) I 
Foreign subscriptions: 50 cents per issue additional. 

I 
Name ... . . .. . .. ... . .. . . . ..... ... . . . ... ............ ...... . .... .. . 


IStreet: . . .... . . . .. .. ....... . . . . . . .. Town : ........ . . . ....... . ... . . . 

State: . ...... . .... . . .. . . . . . . .... . . .. . . .... . . Zip:.. .. . . . ....... . . . . I 
Send to: Galileo , Dept. 1B, 339 Newbury Street , Boston MA 02115 

·----------- .. 
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Large amo unts of junk mail can be a real 
prob lem when the reci pient must pay to 
store it for th e time before examining it. 
There is, however, a par tial solution tha t 
involves a novel use of passwords. A Cl E 
cou ld offer its users the option of splitting 
their file for incoming mail into two pieces, 
one having a negotiated maximum size and 
the other requiring a negoti ated password 
for admittance. Then, an incoming mai l 
message would be placed in the "goodguy" 
mail file if it included the proper password 
in its header; otherwise it wou ld be placed in 
the junk mai l file if there was room; other­
wise it would be rejected. Presumably, 
people using such a faci lity would spread 
their goodguy mail pass word around and 
occasionally change it when it eventually 
spreads too far. 

The most glari ng flaw in this scheme is 
that a single energet ic source of junk mail 
could prevent people from receiving legiti­
mate mail from people who, for any of a 
large number of conceivable reasons, didn't 
happen to know the appropriate goodguy 
password. 

The File Protocol 

The file protocol il lu strated is not too 
wel l thought out and should be taken as 
an extremely skeletal suggestion of what a 
file protocol should look like. Its main 
notable features are that it leaves file name 
format and user access assertion largely 
unspecified so that idiosyncrasies of diverse 
host systems can be accommodated grace­
ful ly. It allows a CIE to tell a second CIE to 
move a file to a third Cl E in a manner simi­
lar to the DAP portion of the Digital 
Equipment Corporation's DECne t. Its most 
obvious shortcoming is that it treats fi les as 
indivisible atoms ; perhaps it should also in­
clude a faci lity to subdivide a file like 
DECnet does. This would help conserve 
transmissio n bandwidth an d buffer space 
by allowing people to selectively move small 
parts of files when appropriate. However, 
that would commit the <fi le tail> format to 
some particular file structure, and that com­
mitment wou ld be stronger than th e com­
mitmen ts imp licit in the < partial tail> or 
<enc losure item>. I omit that facility be­
cause it will be of limited utility at firs t, it is 
well-isolated fro m the rest of the protoco ls, 
it is highly arbitrary, and it can be added 
later. 

One should note that the fi le protocol 
involves sending informat ion {eg : passwords) 
through the net that, one might think, was 
better kept out of hands that are not com­
pletely trusted. That's not qu ite the case, 
however. Those passwords shou Id more 

properly be thought of as very highly 
specialized tokens of limited utility. For 
example, a process requesting a file re­
trieval could arrange with its CIE for the 
storage of one file of a specified maximum 
size by fi le retrieval from a particul ar foreign 
CIE. Part of the negotiation would involve 
the fi le requesting process and the Cl E 
agreeing on a password to be used just for 
that purpose {and then discarded by the 
CIE). Then, that password would be in­
cluded in the fi le retrieva l request and used 
in the fi le storage request it sends back with 
the requested file. The negotiation process 
would presumably also include the choice of 
an account to which the required fi le space 
should be charged; then the <fi le store 
info> wouldn't need to contain account 
names. 

The file protocol includes a couple of 
things that can be id iosyncratic to the Cl E's 
host system. The information (and its for­
mat) contained in <file access> and a <file 
name> varies widely between operati ng 
systems, and so it would be inappropriate 
for these protocols to say anything more 
about them than that they cannot contain a 
<crl f>. By the same token, a fair portion of 
the operating systems in captivity cannot 
gracefully append information to a file that 
preex ists; a CIE with such a host should feel 
free to reject a file message whose <file 
store info> contains the "appe" verb. In 
other words, even though this specification 
gives the format of a request to append 
information to an extant file, it does not 
requ ire that such requests be acceptable 
toallCIEs. 

The Reply Protocol 

All repl ies in the end-to-end protocols are 
sent via the reply protocol. This is al vari­
ance with both the ARPA Net and DECnet, 
which extend each of their other protocols 
to include a se parate id iosyncratic reply pro­
tocol. The reason fo r the difference is that 
both the other nets are oriented toward 
connections, over which flow many related 
messages, rather than being oriented toward 
the messages themselves. (Of course, the 
message orientation of a Cl E Net is derived 
from the way it allows for very long trans­
mission delays, wh ich wou ld require much 
longer connection lifetimes.) The < reply 
tail> can optional ly include a word (eg: file) 
giving the ge neral area of its relevance; it 
then contains more specific inform ation on 
the disposition of the message for which it 
is replying or requesting a reply. 

The reply prowcol covers use of the 
<reply head> and the <reply tail>, whose 
formats are shown in fig ure 3. A <message>'s 
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.&IU 1cnrc.tLC c.l~C MAGAZINE PRESENTS 

MICRO BUSINESS '78™ 

CONSUMER 


SHOW 


MICRO BUSINESS '78™ will provide a series of market ing 
forums and exhibits to introduce the small independent busi­
nessman to the new low-cost , high-power business microcom­
puter that will reduce his company 's costs , place him in a more 
flexible marketplace and provide timely data information . 

Emphasis will be on the small budget requirements for pur­
chase of an in-house computer. The show will demonstrate the 
latest systems, exhibiting complete hardware and software 
from small hand-held programmable calculators to lull turn -key 
computers. 

• Latest in Word Processors 
• Newly-Released Business Software 
• Low-Cost Text Editing Typewriters 
• Modularized Computers 
THE LOW COST, dependability, simplicity of operation, and 

cost savings advantages of microcomputers will be discussed 
In a series of lectures to remove the many misconceptions the 
average businessman may have about the microcomputer 
technology. Lectures by such companies as IBM , Commodore 
Business Machines and Radio Shack w i ll present the 

DATE: 	 MARCH 17, 
18, 19, 1978 

PLACE: PASADENA 
CONFERENCE 
CENTER 
PASADENA, CALIFORNIA 

businessman with the latest information about application, 
service and investment. 

Author Adam Osborne will discuss business software. 
OTHER LECTURES on the program include: 

• Small Business Computing Systems 
• Evaluating Your Business Computer Needs 
• Software Companies 
•The Mainframe Companies & The Small Computer 
• The Small Business Computer Company 
• Computer Stores and the Small Business System 
• Retail Mass Marketing of Microcomputers 

Sponsored by: INTERFACE AGE Magazine 

EXHIBITORS: PLACE YOUR RESERVATION NOW! 
Produced & Managed by: 

Show Company International 
8687 Me lrose Avenue 
Los Angeles , Californ ia 90069 
(213) 659-2050 

Ed Tavetian 
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Figure 5: <file tail> for­
mats. Another option for 
<real tail> in figure 3 is a 
<file tail>, used when the 
data sent in the end to end 
message frame is an arbi­
trary data file . 

< file tail> 

< file commands> 

< file retrieve> 

< file access> 

< file name> 

< file store info> 

< file store > 

< reply head> gives 

.. = " file " < line> < crlf> < file commands> 

< file retrieve> < crlf> [ < file commands> ] 

! < file store> <crlf> 


< file access> < crlf> 

"retr" < gap > < file name> < crlf> 

" dest" < net address> < crlf> < file store info> 


"acce" <gap> (a < line> that will convince the recipient of this 
< message> to grant the required access, typica.Jly containing 
a subscriber name, password and account) 

< line> 


< file access> < crlf> { "stor" ! " appe" } < file name> 


< file store info> < crlf> 

"data:" < line> < crlf> {the file's contents) 


it a "name," which it 
needs if it is ever to be acknowledged in 
the end-to-end protocol; it also provides 
a concise means by which an immediate 
reply can be requested at the top level of 
the end-to-end protocol. All end-to-end 
acknowledgements arc carried in < reply 
tail>s. A <rep ly head> can contain one of 
the words " rsvp" or "l ater"; the former 
requests an immediate reply, and the latter 
mere ly informs the destination CIE that a 
reply may be requested at some later time. 

A <rep ly tail> also provides a means by 
which rep Iies can be requested at a time 
after the original <message> was sent. This 
part of the <reply head> is much more 
portentous than the previous paragraph 
indicates: when a CIE receives a message 
with a <reply head>, it must remember 
sufficient information to generate a reply 
upon a later request. Having sent a reply, it 
must still hold th e releva nt information 
against the reply's getting lost in the ne t. A 
<reply head>, then, means that the dest i­
nation CIE must keep a permanent record 
of the <message> co ntaining it! Clearly, 
that is too much to ask of any practical 
cheap CIE ; the remedy is to permit the 
destination CIE to flush its records after an 
unspec ified retention period, most likely 
ranging from a few milliseconds to a few 
weeks. If it is asked to rep ly to a message 
of which it has no memory, it can re ply 
"unknown." Of course, end-to-end acknowl­
edgement will be impractical for<message>s 
sent to a CIE with a very short retention 
period, but that is a mat ter more properly 
left for a Cl E's subscribers to work out with 
the operators of their own and competing 
Cl Es. 

The < reply tail> also provides a means 
for replies to be sent from (or reques ted of) 
other levels in the end-to-end protocol; the 
optional qualifier (such as "file") gives that 
detai l. Thus, an unqualified positive rep ly 
(ie : "reply ok") to a mail message needn't 
mean anything more th an that the message 

arrived at the CIE and was dispatched to the 
program that handles mail. A positive 
reply qualified as corning from the mai l pro­
gram (ie: "reply mail ok"), however, neces­
sarily means that it was intelligible to the 
mai l. program and that it was correctly 
placed in the proper mail file. The echo and 
discard verbs are included to provide a 
method to detect and localize bugs in the 
general framework of programs comprising 
a Cl E; for instance a "reply reply discard" 
message containing a <message ID> in its 
<rep ly head> will elicit a "rep ly ok" mes­
sage from a CIE that exists and believes 
itself to have a reply program. If a "reply 
reply echo" doesn 't elicit an echo, then the 
reply program itself co uld be malfunctioning 
in some basic way . 

This flexibility allows the user to decide 
the appropriate level at which repli es should 
be generated or whether they should be 
generated at all. (Presumably the appropriate 
programs wil I have user interfaces that 
don't turn the flexibility into a burden on 
the user.) Two restrictions should be ob­
served, however, to avoid loops. The first is 
quite intuitive: the reply to a "rep ly [xxx] 
echo" shou ld be embedded in the appropriate 
type of "rep ly [xxx] ok" message. The 
second restriction is that all "reply [xxx] 
please" messages should refer to the original 
message of concern; if a " reply reply please" 
message inadvertently gets sent that doesn't 
refer to itself, then the receiving CIE shou ld 
feel free to discard it without comment. 
Also note that a "reply [xxx] echo" mes­
sage is the only one that can elicit a reply 
without itself containing a <message ID> in 
a <reply head>. 

This completes the presentation of a 
sketch of a design for the communications 
protocols of a CIE Net. The BNF-like nota­
tion of figures 1 to 5 defines the grammar of 
the message protocols; some more of the de­
details of the design and its operation wil l 
provide the substance of the third and final 
part of this series next month.• 
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CONFERENCE PROCEEDINGS 

of the largest convention ever held 

Exclusively Devoted to Home & Hobby Computing 

over 300 pages of conjerence papers, including: 

(Topic headings with appr>aximate count of ?"xlO" pages) 

Friday & Saturday Banquet Speeches (16) 

Tutorials for the Computer Novice (16) 

People & Computers (13) 

Human Aspects of System Design (9) 

Computers for Physically Disabled (7) 

Legal Aspects of Personal Computing (6) 

Heretical Proposals (11) 

Computer Art Systems (2) 

Music & Computers (43) 

Electronic Mail (8) 

Computer Networking for Everyone (14) 

Personal Computers for Education (38) 

Residential Energy & Computers (2) 

Systems ·for Very Small Businesses (5) 


Entrepreneurs (6) 

Speech Recognition & 


Speech Synthesis by Computer (14) 
Tutorials on Software Systems Design (11) 
Implementation of 

Software Systems and Modules (10) 
High-Level Languages for Home Computers (15) 
Multi-Tasking on Horne Computers (10) 
Hornebrew Hardware (8) 
Bus & Interface Standards (17) 
Microprogranunable Microprocessors 

for Hobbyists (18) 

Amateur Radio & Computers (11) 

Commercial Hardware (8) 


plus --- ­
Names & addresses of the 170+ exhibitors at the Computer Faire 

Order now from : Proceedings : $12.00 
Computer Faire Shipping & Handling: __.&!! 
Box 1579 $12.§~8~!~de 5:alifu~a;
Palo Alto CA 94302 __.7_ 6 Sales Tax 
(415) 851-7664 $13.40 Payment must accompany the order. 

a ri.l, ~77 · •a.:n :f':ra.:nci.•co 
©7 7-1 -10 by Compu ter Faire BOX 1579, PALO ALTO CA 94302 oOo (415) 851-7664 
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Microchess 1.5 versus Dark Horse 


Peter R Jennings 
27 Firstbrooke Rd 
Toronto, Ontario M4E 2L2 
CANADA 

When the Second World Computer Chess 
Championships w·ere held in Toronto last 
August (see January 1978 BYTE, page 108), 
the opportunity arose to challenge one of 
the best chess programs in the world to a 
friendly match against my microcomputer. 
A match was arranged between Microchess 
version 1.5 and Dark Horse for the day after 
the tournament. 

Dark Horse is a program written by UI f 
Rathsman of Stockholm SWEDEN. It is 
written in FORTRAN IV and occupies 24 K 

words of programmable memory with 60 bit 
words on a CDC 6600 computer. On aver­
age, it is capable of ana lyzing 12,000 posi­
tions per move made . In addi tion , it utilizes 
its opponent's time by preparing rep li es to 
expected moves. Although Dark Horse is 
considered to be a small program by classical 
mainframe computer chess standards, its 
strategy is efficient and it fi nished in sixth 
place at the World Computer Chess Cham­
pionships. 

Microchess is a program I wrote for the 

White: Microchess Black : Dark Horse 29. N -03 P-R6 
30. R(N2)-02 PxP 

It was decided by a coin toss that Microchess 31. NxP R-85 
would play white. Since neither program makes use 32. N-84 P-R7 
of an opening book, the opening is a little unor­
thodox . However, by move 3 the position looks Dark Horse, which prints out the expected contin­
like a normal opening. uation, expected 33. RxP RxR, 34. RxR RxN, 35. 

R-K2, winning a knight for the pawn. It did not 
1. N-083 P-K3 foresee 35. R-R8 (mate in one) because it trun ­
2. N-K83 N-083 cated the analysis at 6 ply on this continuation. A 
3. P-K4 N-KB3 search to 9 ply would be necessary to determine 
4. P-K5 N-KN5 t he threat. 
5. P-04 P-04 
6 . B-KN5 8-K2 33 . P-83 
7. 8x8 Ox8 
8. B-K2 O-N5 Microchess did not take the pawn because it ex­
9. R-ON1 0 -0 pected the same continuation that Dark Horse 
10. P-OR3 O-K2 projected, with the loss of a knight. The threat 
11 . 0 -0 P-ON3 of P-R8ch was not evaluated correctly due to a 
12. P-OR4 O-N5 bug in the program. This blunder resulted in a loss 
13. P-KN3 8-N2 for Microchess. 
14. 8 -N5 P-OR3 
15. N-OR2 O-OR4 33. P-R8 (O)ch 
16. BxN 8x8 34. K-N2 NxP (KS) 
17. P-N3 P-ON4 35. N-N3 0-86 
18. O-K1 OxO 36. K-R3 RxN 
19. R(81)x0 PxP 37. PxR OxPch 
20 . N-N4 PxP 38. K-R4 O-N5 Mate! 
21. Nx8 PxP 

Microchess took 4 7 minutes while Dark Horse 
Dark Horse evaluates the pawns captured plus the required only 11 minutes of processor time for the 
resultant pawn on the seventh rank as more valu­ game. Part of this difference is explained by Dark 
able than the lost bishop. Horse's abil ity to compute responses on its oppo­

nent's time. 
22. N-K2ch K-R1 A l though Microchess was defeated by Dark 
23 . R(N1) -81 R(81)-K1 Horse, it was not as one-sided a game as might be 
24. N-86 K-N1 expected given the difference in computing power. 
25. RxP P-OR4 Further improvements in Microchess will probably 
26. R(K1 )-K2 P-R5 bring it close to the playing level of Dark Horse 
27. N-N4 R(K1 )-081 and other programs in its class, but at a slower 
28. R-N2 P-084 speed. 
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Circle 48 on inquiry card . 

DARK HORSE 

MICROCHESS 

Position after 32 . . . . P-R7. 

KlM-1 in 1976. Commercial versions are 
avail ab le for the Kl M-1, and a translated 
version is available for the 8080. Version 1.5 
is an extended version of the original pro­
gram. It occupies 2.5 K of programmable 
memory and runs on a KlM-1 with expan­
sion memory. Although it plays better chess 
than the first version of M icrochess, it is 
incom plete and requires f urther develop­
ment. 

Because of the com pl exity of chess 
analysis, time becomes an important factor 
both for micro and mainframe programs. 
One expected solu tion to the problem is the 
use of multiple microprocessors to process 
portions of the analysis in parallel. Such a 
distributed network can reasonably be 
expected to play as well as Ch ess 4.6, if 
not better, provided the heuristics used are 
equally powerful. I would not be su rprised 
to see this type of equipment in use at the 
Third World Computer Chess Champion ­
sh ips in 1980 to be held in Tokyo and 
Melbourne.• 

The following programs are available from Micro· 
Ware Ltd, 27 Firstbrooke Rd, Toronto, Onta rio 
M4E 2L2 CANADA : 

Microchess, A Chess Playing Program for the 6502 
processor. Price: $13. 

Microchess, A Chess Playing Program for the 8080 
processor. Price : $18. 

KIMSI 

~-

"""' 

The KIM to S-100 bus 

Interface/Motherboard 


• Combines the power of the 6502 with the flexibility of 

the S-100 bus 


• Attaches to any unmodified KIM 
• 	Complete interface logic and fully buffered motherboard ,~ 

in one unit "' 
• On-board regulation of power for KIM i:j 
• 	Eight slots of S- 100 compatibility for additional RAM, s 

Video and 1/0 boards. PROM Programmers, Speech 
processors ... 

•Includes all parts. sockets for ICs, one 100 pin connector. 
and full Assembly/Operating documentation 

•Kit $125, Assembled $165 
•All units shipped from stock 

FORETHOUGHT PRODUCTS 
P.O. Box 386-F ~ 

Coburg, OR 97401 ~• 

canada Boards DO Something
s )l'sfe m 11:, Inc. 

CL2400 
Real Time Clock 

$98-Kit $135- Assem bled 

II your system needs to know what time it is , our CL2400 is 
the board for you . The present time in hou rs . minutes. and 
seconds is always available for input. and is continuously 
updated by the highly accurate 60 Hz power li ne freque ncy . 
Need periodic in terrupts? The CL2400 can do that , too . at any 
of 6 rates . Reference manual with BASIC and assem bly 
language software examples included . 

PC3200 
Power Control Syslem 

PC3232 $299- Kit $360- Assm . 
PC3216 $189-Kit $240- Assm . 
PC3202 $39 .50- Kit $52- Assm . 

If your system needs on / off control of lights , motors , 
appliances , etc ., our PC3200 System components are for 
you . Contro l boards allow one 1/ 0 port to control 32 (PC3232) 
or 16 (PC3216) extern al Power Control Units. such as the 
PC3202 which controls 120 VAC loads to 400 Watts. Optically 
isolated . low voltage . cu rrent- lim ited contro l line s are 
standard in this growi ng product line . 

P.O . Box 516 
systems, Inc. La Canada , CA 91011 

(formerly comptek) (213) 790-7957 

canade__ 

Circle 14 on inqu i ry card . 	 BYTE Mmh 1978 167 



Take a Course 


Richard Mac Millan 
19104 Alpeng!ow Ln 
Brookville MD 20729 

As is becoming the case fo 1· more and 
more people, my job is bring ing me into 
contact with the quickly evo lving field of 
microprocessors and their applicat ions. This 
I find fortunate because for several years I 
have had an in tense interest in these gadgets 
and thei1· potential use in certa in hobbyist 
appl icat io11s. 

My employer and I agreed that it would 
be useful for me to learn as much as poss ible 
about microcompute1·s in order to evaluate 
their Future impact upon the transportation 
field. (1 'm an engineer in automotive elec­
tronics.) To Lhat end I started looking 
around for a seminar that I might atte nd . 

One that caught my eye, a cou 1·se given 
by Wintek Inc, offered a "free" micro­
computer to each participant. The 3 day 
seminar that was being offered inclu ded a 
discussion of microcomputer hardware and 
software as well as hands on exper-ience 
in a laboi-atory. The program was based on 
the 6800 processor fam ily for illustrative 
and tra ining purposes. 

Having signed up for the Wintek course 
in advance, I presented myse lf at the 
appointed time and place (a meeting room 
at a local Sheraton Inn). The Wintek pro­
gram was presented by Dr Pau l Wintz and 
Jim Wi lson, the founders of the compa ny. 

Of the 35 partic ipants, most we1·e either 
engineers who, like myse lf, wanted to 
broaden their know ledge of microcomputer 
programming, or they were professio nal 
programmers looking to increase their 
unde1·stand i ng of smal l systems app li catio ns. 
Several turned out to be compute1· hobbyists 
as we ll . Most seemed to be lured to th is 
particu la1· course by the offer of a free 
microcomputer. 

Mate rial for the course was 01·ganized into 
a large 3 ring binder which provides an 
excel lent reference after the course is co n­
clud ed. The first morning (Tuesday) we 
spent learning our way around the 6800 
system. The bus structure was described in 
some detai l as was the addressing of 10 and 
memory. The 6800 instruction set was 
in traduced as well as the various addressing 
modes that may be app li ed to each instruc­
tion. 

Wintek has deve loped its own read on ly 
memory monito1· program which it calls 
FANTOM II. FANTOM II is resident in a 
1 K read only memory on the 1 card com­
puter Wintek gives its students, and is 
socketed so that it can be replaced with 
either a 2704 or a 2708 if desired. 

FANTOM 's use was 1·eviewed before 
lunch on the first day. After lunch the class 
broke in to two groups wi th one going into 
the first lab session and the other continuing 
in a lecture. 

Lab co nsisted of a cluster of video ter­
minais each connected to a Wintek 1 card 
microcomputer. Students worked in pairs 
on p1·oblems outlined in the cou rse notes. 
An instructor was always availab le for 
assistance . Th e first afternoon in the lab 
was spent using the monitor program to 
load a simple routine into the computer and 
then debug it. 

At coffee break, the two groups 
switched: students coming out of th e 
lecture took a turn at the lab work. The rest 
of the course was spent alternately in the 
lab and in the class. 

The Wednesday lecture discussed the 
various types of memor ies, their appl ications 
and trends to look for in the Future. The IO 
devices of the 6800 family were also 
covered. The 6850 seria l 10 port (really an 
inte lligent UART style interface device) 
was presented both as hardware and in 
terms of its use when programming to 
communicate with external equipment. 
The 6820 was then discussed. This device 
is a dua l programmable 8 bit para ll el IO 
port. Both the serial device and the para I lei 
device interface directly with the 6800. 
Final ly , time was spent learning the various 
ways that interrupts can be handled. 

On e of the best featu res of this course 
was the lab work. Worki ng from simple 
programs to ones of more complexity 
with the aid of an instructor he lps to 
bui ld co nfid ence in oneself. My lab partner 
and I worked our way through a progrnm 
that ge nerated a time de lay vi a a count 
down loop, then used the loop as a basis 
for a timekeeping function. The terminal's 
bell fu nction was used to mark the seconds 
and then the whole thing was integrated 
into a program that performed a digital 
clock fu nction. 

By the time Thursday rol led around we 
were trying to service interrupts from the 
video terminal in the middle of the ti me­
keeping program. For those with more 
proficiency at machine language program­
ming, there were more challenging projects, 
inc lu ding a program to decode Morse code. 

Lecture for Thursday turned to a com­
parison of the various microprocessor 

in Microprogramming 
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families currently available. The advantages 
and drawbacks of each were compared. 
The area of applications that each is best 
suited for was discussed. Software aids 
to programming such as assemblers, editors, 
debuggers and compilers were explained 
and their operations were illustrated. 

While understandab ly Wintek's products 
and services were mentioned at appropriate 
places throughout the course, no real hard 
sell was used. Their products were used 
primari ly as an illustration of what is avail­
able to the user and as such was a useful 
part of the curriculum. 

The Wintek computer given to each 
cou1·se participant consists of a 6800 pro­
cessor, a 6820 peripheral interface adapter 
(P IA), a 6850 asynchronous commun i­
cations interface adapter (ACIA) (serial 
JO for communication with a Teletype 
or RS-232 compatible terminal), two 6810 
128 by 8 random access memory chips, 
a 1 K read on ly memory contain ing Wintek's 
FANTOM 11 monitor, a 600 kHz clock and 
a bps rate ge nerator. Providing power 
(5 V, 12 V, -12 V), a reset button and a 
terminal is all that is required to be up and 
running. 

Extra memory is available from Win tek 
but it is dynamic, requiring an extra card 
just for the refresh circuitry. The hobbyist 
would probably want to use a handfu I of 
2102s instead. Provision is made on the 
Wintek card for two more memory chips, 
bringing the total read/write memory to 
512 by 8. 

I mentioned at the beginning that several 
of us in the class happened to be hobbyists. 
By the time we all had had a chance to 
actual ly work on the computers, most of us 
who were at first uncommitted became 
converts. We left clu tching our microcom­
puters with thoughts of borrowing a ter­
minal and writing our own programs. 

Now, most hobbyists would hesitate to 
spend $500 of their own funds to attend a 
course like this. That much money would 
buy a lot of goodies or even a basic home 
system. Happily, many emp loyers are willing 
to invest in such a program where there is a 
likelihood that the participant will bring 
state of the art knowledge and very useful 
experience back to work. 

People who, like myse lf, are looking for a 
generali zed survey of the current state of 
the art, in addit ion to some actua l program­
ming experience, might do well to seek 
a group such as Wintek in order to take a 
course. While I may not have fi nished the 
course an expert microprogrammer, I 
certain ly have learned the basics necessary 
to know where to start on nearly any 
microprocessor project. • 

Software 


Gomes • CRAPS (Los Vegas style) $6.00 
• 	 MULTIPLE LUNAR LANDER $8.00 
• 	 SLOT MACHINE $6.00 
• 	 GAME PACKAGE: Russian Roulette. Mod 

Scientist. and ABM $8.00 
Graphics • PICTURE MAKER with AMP'L ANNY $12.00 

• 	 GRAPHICS PACKAGE I: Loser Beam. Space 
Shuttle. and Blast Off $10.00 

• 	 GRAPHICS PACKAGE II: Rain in Greece, Flea. 
Textwriter. Random Wolk $10.00 

Scientific • FOURIER FIT: Does CUNe fitting $15.00 
Systems • RANDOM NUMBER GENERATOR TEST $5.00 

• 	HEX MEMORY LOADER $10.00 
• 	 MEMORY DUMP PROGRAM $10.00 
• 	 MEMORY SEARCH $5.00 

All Programs Written in BASIC 

Complete Easy to Read Documentation 


Programs Completely Tested 


SOFTWARE RECORDS 
P.O. BOX 8401-B 

UNIVERSAL CllY, CA 91608 
(cal residents odd 6% sales tax) 

MINATURE SOLID STATE 

202 VIDEO CAMERA KIT 
FEATURING A . . 100 x 100 BIT SELF SCANNING CHARGED COUPLED DEVICE 

THIS UNIQUE UPDATED CAMERA KIT 

FEATURES THE FAIRCHILD CCD 202C IMAGE SENSOR 


FEATURES 
• 	 Senslllve lo infra red 


as well as visible ligh1 

• 	 May be used In a vacuum, 


umler wal er and l1 igh alll tude 

• 	 May be used In a magnelic 


en-vlronmenl because there Is 

no high vollage 

• 	 All compononls mounled on 

parallel 3 '1• • x 6'1.!" single 

sided boards 


• Tolal we1gh1 under 1 lb. 

ADVANTAGES 
• 	 IN THE FUTURE 


WE WILL SUPPLY A 

COMPUTER VIDEO INTERFACE CAA 


• All clock vo11ages operale al 6V 
regui rlng no adjustmen ts 

• Hlg l1er video oulpul signal 
• 	 We supply lhe power board. so only 


a 5V I Amp power source is needed 

• The clrcul lry has been simplified tor 


easier assembly 

• Two leve l TTL ou1pu1 is supplied lor 


In terlacing 
 $J4900 
We supp ly all semiconduclors. boards, dala sheels, 

dtagrams, resistors, capacitors, and SMM lens. AdC S2.00 Po.stage 
Sorry we do nol supply lhe case, balleries and 5V supply_ and Handling 
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The Capital of New Mexico is 


WARBLE ALARM 
CAR-VAN CLOCK 

WITH HEADLIGHT ALARM 

COMPLETE KIT $35.95 • 
ASSEMBLED $45.95 

El.A1'SEDTIM[R 

SEC01'0SD1$t'Uti Y SWITCH 

umwTE SNOOZE Al ARM 

StMPll 4 'A'IAt HOOK ·UP 

JUMID w· LED DISPL AY 

I ro S9MINUTE COUNTDOl\'N 
TIME'" "'11 NS SIMUL TA~lOUSl Y 
WIUI ClDCK! 

AUGCiED AI SCASE 

QUARTZ CRYSTAi. 
ACCURACY 

DIGITAL AUTO INSTRUMENTS 
• I TA CHO..,ET£ R SEVEN MODELS! 
..2 Wl\ TER TE MP. Kit IN CL UD ES: 
• l FUEL tEVEl 
. 4 SflEEO OME TER" 
• !io CUl PRESSU RE 
• & OI L TtMP, 

• tA.Sl &&tl llARUN.r.111( 
• PRFS.SUllf#.H~!.l'SlNOIH 

• AUlMBL£Qt.ti\lNPC10Alltl 

rEATURES-

· 1 BAn ER'i P.10141 TQ R • ~ - o.... t~I'.;[ lfD0S 
• ' '1- .~- · l ' AUCA.SC 

'AD O $1 0 FOR f'!EOUI R. EO SP-1!.EO SENDER , Sl 5 FOR SPEEO SENDER ALON[ 

KIT: $49.95... . . ..ASSEMBLED: $59.95 

ELECTRONIC 'PENDULUM' CLOCK 
• SW ING PENDULUM 

• 7'" HOURS AND MINUTES DI SPLAV 

• TIME SET PUSH BUTTON S 

~ Al.ARM FE ATUR E 

KIT-UNFINISHED CASE .... ..• . ..... S59.95 
ASSEMBLED-STAINED CASE ....... . . . S69.95 

QUARTZ DIGITAL AUTO CLOCK 
OR ELAPSED TIMER! 

ELAPSED TIMER : HRS, MINS& SECS 
SIMPLE PUSHBUTTON RESET & 
HOLD TOGGLE SWITCH 
KIT INCLUDES [ VC RV THING. 
~OTWNCCt.SE TOHU'r'f<rl,(D$t 
1 rvr~liNAI. t;IA T1f R 'r' BA CKCJP/ 
NC)N PO(.A R INPVT' 

11OA1• t1 R MODf 

KIT: $27.95.•.....ASSEMBLED: S37.95 

NOW WITH 
. : . :ELAPSED 

TIME! - - ~---

3~ DIGITAL CLOCK 
• l\OtG IT KIT 
• ijQl(ill K IT 

$49.95 • • O•G IT ASSEMBLED $59.95 
$69.95 • G OOGITASSEMOLEO . S79.95 

LIt VA( 11 OR 'lt. HR MOOE t:: 1T c;or. £$ CO r.I Pl UE! 
&DIG1ll/UIS1D r~ 21"~s·· x Hi" ~ DHH1VERSION . l !"x 5''• 1W ' 

TV-WALL CLOCK 117 VA C 

• 15' VIEWING DIST MICE 

• .6" HOURS& MIN UTES 

• .J" SECONDS 

• COMPLETE WITH WOOD CASE 

KIT : S34.95 . .... ..ASSEMBLED : $39.95 

ECONOMY CAR CLOCK 
:h'' l ED MODU l El 

COM PLETE WITH CASE. 
BRACKET & TIME SET 
PUSl lBUTTO NS 

• ALARM OPT ION 

KIT: S19.95 . .. ....ASSEMBLED : $26.95 

PEND U l UM G1vE vou1~o:g 1,',"J ~~o~:,':J~~P~~LUM SW1 No 
$ 1,..l/lf.£ HOOK Vf' TO AN V CLOCK. 

S14.95 CASE WIT H ORACK ET $3. 75 

MARK FOSKETS'•1 SOLIDSTATETIME 
P.O. BOX 2159 
DUBLIN, CALIF . 94866s ORDERS (415) 828-1923 

• 24 HR 1·l•!M "31 Iii 
PHONE - T 

CA LIF 0 ANIA RESIDENTS · AOC 6% SA LESTAX 

Santa Fe 
Th is art icle demon strates how software 

can be written to al low your computer to be 
Loring C White used as an educational device. Having just 
26 Boswell Rd go ne through the exercise of helping my 
Reading MA 01867 children learn al l the states and their capi­

1 PRINT CHR$(26) :PRINT CHR$(7) :PRINT CHA$(7) 
5 CLEAR 1000 
10 DIM A$(50) , 8$(50) 
20 FOR l=O TO 49 
30 READ A$(1), 8$(1) 
40 NEXT 
50 PRINT "THIS PROGRAM WILL TEST YOUR KNOWLEDGE OF THE STATES AND" 
60 PRINT " CAPITALS. AFTER EACH STATE (SELECTED AT RANDOM) PLEASE TYPE" 
70 PRINT " IN THE APPROPRIATE CAPITAL FOLLOWED BY A 'RETURN' " 
80 PR INT:PRINT 
90 N=O:C=O:W=O 
100 N=N+1: IF N> 10 THEN 400 
105 1=49 " RND( -1) 
106 l =INT(I) 
108 O=O 
110 PRINT "WHAT IS THE CAPITAL OF ";A$(1) ;:1NPUT Z$ 
120 IF Z$=B$(1) THEN 200 
130 PRINT "NOT CORRECT!. ..TRY AGAIN ":W=W+1 
140 0 =0+1 :IF 0 > =2 THEN 800 
150 GOTO 110 
200 R=4*RND(-1 )+1 :C=C+1 
201 R=INT(R ) 
210 IF R=l THEN 300 
220 IF R=2 TH EN 301 
230 IF R=3 THEN 302 
240 IF R=4 THEN 303 
250 PRINT "CORRECT..YOU'RE A GENIUSll":GOTO 100 
300 PRINT "CORRECT. . YOU'RE EXCEPTIONALl!":GOTO 100 
301 PRINT " CORRECT. . AMAZING ABILITYl!l":GOTO 100 
302 PRINT ''CORRECT..YOU'RE TOO MUCHl":GOTO 100 
303 PRINT "R IGHT ON!. .CARRY ON l" :GOTO 100 
400 PRINT "YOUR SCORE IS ";C;"CORRECT" ;W;"WRONG" ;"RATING ";C/(C+W) " 100; 
401 PRINT"%" 
402 PRINT " DO YOU WISH TO CONTINUE THE LESSON (TYPE YES OR NO)?" 
403 INPUT C$ 
404 IF C$ ="YES" THEN 90 
405 IF C$ ="NO" THEN 830 
406 GOTO 402 
600 DATA MASS.,BOSTON,MAINE,AUGUSTA,VERMONT,MONTPELIER 
610 DAT A NEVADA,CARSON CITY.NEW HAMPSHIRE,CONCORD,NEW YORK.ALBANY 
620 DATA NEW JERSEY,TRENTON,CONN.,HARTFORD,VIRG INIA ,RICHMOND 
630 DATA W .VIRGIN IA,CHAR LESTON.MARY LAND,ANNAPO LIS,N.CAROLINA,RALEI GH 
640 DATA S.CAROLINA,COLUMBIA,F LOR IDA,TA LLAHASSE E,GEORGIA,ATLANTA 
650 DATA ALABAMA,MONTGOMERY,ARKANSAS,LITTLE ROCK,MISS.,JACKSON 
660 DATA WASHINGTON,O L YMPIA,N .M EXICO,SANTA FE ,N.DAKOTA,BISMARCK 
670 DATA S.DAKOTA,PIERRE ,IDAHO,BOISE,ILLINOIS,SPRINGFIELO 
680 DATA OHIO,COLUMBUS,INDIANA,INDIANAPOLIS,IOWA,DES MOINES 
690 DATA KANSAS,TOPEKA,MISSOURl,JEFFERSON CITY ,OKLAHOMA 
700 DATA OKLAHOMA CITY,COLORADO,DENVER ,UTAH,SALT LAKE CITY 
710 DATA HAWAII ,HONOLULU,A LASKA,JUNEAU,TEXAS,AUSTIN,LOU ISIANA 
720 DATA BATON ROUGE,PENN.,HARRISBURG,RHODE ISLAND,PROVIOENCE 
730 DATA WISCONSI N,MADISON,MINN.(ABBR EV .),ST. PAU L,MICH IGAN,LANSING 
740 DATA KENTUCKY,FRANKFORT,TENNESSEE,NASHVILLE,NEBRASKA,LINCOLN 
750 DATA MONTANA,HELENA,WYOMING,CHEYENNE 
760 DATA DELAWARE.DOVER 
770 DATA CALIFORNIA ,SACRAMENTO,OREGON,SALEM 
780 DATA ARIZONA.PHOENIX 
800 PRINT:PRINT :PRINT " WELL, I GUESS YOU REALLY DON 'T KNOW ITl l (SHAME)" 
810 PRINT " THE CORRECT ANSWER IS' ";8$(1);"' NOW I WI LL ASK YOU AGAIN.I " 
820 GOTO 108 
830 END 
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tals, it occ urred to me chat th is might be 
readily automated usi ng a computer and 
BASIC. 

The program in the listing is written to 
run in MITS 8 K BASIC in about 3 K bytes 
of memory. It easi ly fi ts in to my Altair 
system wh ich has 12 K by tes of memory. 

All the states and their capitals are listed 
in the DATA statements beginning on line 
600. The arrays A$ (I) and B$ (I) arc initial­
ized with the BA SI C RE AD statement em­
bedded in a FOR. . . NEXT loop at lines 20 
to 40. As you can see by the log ic, each 
state and its correspondi ng cap ita l are listed 
as a pair of strings in the DAT A statements. 
As the variab le I goes from 0 to 49 the first 
state name wil l be in A$ (O) and the capital 
of the first state will go into B$ (O); the nth 
state name will go in to A$ (n) and the nth 
state capital wil l go into B$ (n) . 

In operation, the program is a loop which 
keeps generating random state selections 
and qu izzi ng the student. A nu mber I 
between 0 and 49 is chosen at random in 
line 105 using the RND fun ction, which 
returns a value fro m 0 to 1. The corres­
ponding state A$ (I) is selected and the 
quest ion is generated. The student answers 
with an input wh ich is stored in Z$. If the 
input from the student in Z$ is equal to the 
cap ita l B$ (I) of the selected state the 
program wi ll execute the "reward" subrou­
tines. If the answer is not correct, then the 
question is repeated one time. If the correct 
answer is not give n the second time, the 
compu ler then provides the correct answer 
and repeats the question in order to aid in 
the lea rning process. If the correct answer 
is given, the student is rewarded with a 
posit ive response, such as " Right on; carry 
on" or "You're exceptional. " Th is response 
is also selected using a random number 
generator in order to provide a bit of 
variabi lity in the reward statement. After 
ten states and capita ls arc provided, the com­
pu ter gives a score summary with a percent 
evaluation of the student 's responses. 

The above programm ing concept can be 
applied to almost any teaching situation 
where an answer word or phrase can be 
directly associated with a question. The 
quest ions and answers are conven iently 
stored in the data lines wich in the program 
and are separated on ly by commas. 

We have had fun making up th is program 
and managed to learn a few of the states 
and thei r capitals in sp ite of it al l!• 

Circl e 8 on inqui ry card. 

MAKE YOUR COMPUTER 

PRODUCTIVE 

WITH SOFTWARE WRITTEN 

IN NORTHSTAR BASIC 

REM General Ledger 
and Statements $75 

REM Mailing Labels $50 
REM Word Processor Program $35 
REM Pay roll System Coming $95 
REM System Descriptions $2 each 

REM 	System supplied on Diskette 
with Program Documentation 
and Operating Manual 

RUN 	Benson & Costello 
29-02 23 Avenue 
Astoria, New York 11105 
212-932-3316 

ADDITIONAL PROGRAMS NOW IN PROGRESS­
PLEASE WRITE FOR FURTHER !NFORMA TION. 

2708 

~IJPD458 

_. TMS2716 

PRAMMER III 

by xybek 

The Ultimate EPROM Memory Board 
For Your 5100-Bus Computer 

* Accommodates from 1kto30k of the above EPROMS. in 
any combination. each addressable on any 1 k (2k for 
27 16) boundary within the board's 32k address space. 

* 1 k of scra tch-pad RAM. 

* On·board programming for all three EPROM types. 

* Tri-state buffers on all address and data lines. 

* Empty EPROM sockets do not require address space. 

* Assembled. tested. ready to run - only $369.50 

xybek • P.O. Box 4925 • Stanford , CA 94305 
Telephone: (408) 296-8188 
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20th and Olney (12 blocks north of US 1 on 
Broad St). Write to PACS, POB 1954, Ph ila­
delph ia PA 19105. 

NCCS 

The Northwest Computer Society meets 
at the Pacific Science Center in Seattle on 
the first and third Wednesday of each month 
at 7 :30 PM . The first meeting of the month 
is usually formal, involving a featured 
speaker or a demonstration. The second 
meeting of the month is usually more 
informal, with discussion and problem solv­
ing. The group also pub lishes a newsletter, 
Northwest Computer Club News. 

Call Roy Gillette at 524-0596 (evenings) 
for more information, or write Northwest 
Computer Club, POB 242, Renton WA 
98055. 

The New York Amateur Computer Club 

The New York Amateur Computer Club 
is a group of people with varying back ­
grounds, abilities, and interests whose com­
mon goal is "to promote the free exchange 
of information about computers for personal 
use, and to encourage fellowship among 
those interested in computing." 

Club dues are $10 annually, from j uly 1 
thru j une 30, or $5 if you join after January 
1. Prospective members are sent one or two 
issues of The Newsletter free of charge and 
are encouraged to attend club meetings as 
guests. For more information, contact The 
New York Amateur Computer Club, Church 
St Station, POB 106, New York NY ·10007. 

Association of Computer Experimenters 

This group, located in Hamilton, Ontario, 
puts together a huge newsletter, IPSO 
FACTO, which has all kinds of information. 
The last issue I saw had several articles on 
cassette interfacing, including the Kansas 
City Standard, Data Formatting, etc. For 
more information, contact Tom Crawford at 
50 Brentwood Dr, Stoney Creek, Ontario 
CANADA L8G 2W8. 

Central Florida Computer Club 

The Central Florida Computer Club has 
been in existence for over a year and has 
over 50 members. You can contact them by 
writing to john W Neel, 2821 Sunset Rd, 
Apopka FL 32703. 

NCCCCC (NC5) 

On May 5 and 6 the Northern California 
Community College Computing Consortium 
(whew) Spring Conference will be held at 
Sierra College, 5000 Rocklin Rd, Rocklin 

Philadelphia Area Computer Soc iety 

The Philadelphia Area Computer Society 
was formed to educate computer users in the 
Philadelphia area and to inform the general 
public about computer technology and its 
implications ·for the future. Membership is 
open to all persons interested in any aspects 
of the computer arts and sciences. 

Dues are $10 for regular membership and 
$5 for students. Both include a subscription 
to The Data Bus as wel I as participation in 
group purchase prngrams and club projects. 
Members also receive borrowing privileges 
in the Society's software and literature 
library. 

Conducted by PACS meetings are held in the LaSalle 
David Wozmak College Science Building at the corner of 

1 INDEX OF PERSONAL COMPUTING ARTICLES: 
u 

Letters from Readers •Book Reviewsi 
Articles *Editorials*Indexed by Subject"' !5 

~ 
8 1977 Jan ·Dec 25 * Magazines Indexed 

1975·1976 15 Magazines Indexed 
8 
'li 

lij ~ $ 5 each Postpaid Money Back Guarantee :;'. 

* E.BERG PUBLICATIONS 
u 1360 SW 199th Ct; Aloha. OR. 97005 
~ 
8 * .,: SEND FOR BROCHURE 
L ELE CT ROrl!CS - RADIO ELE CTRON ICS - PERSONAL COMPUTING - CREAT liE COMPUTlllG .J 
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CA 75677. Contact Perry Edwards at (916) 
624-3333 for details, or write to him at the 
above address . 

65 Notes 

65 Notes is the monthly publication of 
the HP-65 users club. It contains mainly pro­
gramm ing twists and information concerning 
the HP-65 . Also included are programs and 
club information. Contact Richard J Nelson, 
2541 W Camden Pl , Santa Ana CA 92704 . 

San Diego Computer Society 

This group publishes a well put together 
newsletter, Personal Systems. It contains 
club information, programs and so on. 

The San Di ego based club has special 
interest groups on the Z-80, 6800 and 1802, 
6502, 8080, as well as groups on biofeed­
back, education, graphics, and word process­
ing in the legal profession. The add ress is San 
Diego Computer Society, POB 9988, San 
Diego CA 92109 . 

The Computerist 

This newsletter, edited by Mark Browne 
and Geoff Wattles, covers four different 
clubs: The Minnesota Computer Society 
(MCS) ; Small Computer Engineering Associ­
ation of Minnesota {SCEAM); University 
Microcomputer Group (UMG); and Advanced 
Technology Research Association (ATRA) . 

The newsletter contains information con­
cern ing all the clubs, including meeting dates. 
The March dates are as fol lows: SCEAM : 
March 30; UMG: March 1, 8, 15, and 22; 
MCS: March 5; ATRA : March 7, 14, 21 , 28. 

For more information co ncerning the 
clubs, write to Mark Browne, 3504 Stevens 
Av S, Minneapolis MN 55408. 

Homebrew Computer Club 

The Homebrew Computer Club meets 
regularly at the Stanford Linear Accelerator 
Center Auditorium {S LAC). During the past 
two years, attendance has increased from 
thirty people to over two hundred . The 
Homebrew Computer Club, which also pub­
lishes a newsletter, can be reached at POB 
626, Mountainview CA 94042. 

West Virginia Computer Society 

Oscillations is the name of the West 
Virginia Computer Society 's newsletter, 
which featu res short articles about new 
microprocessor developments, video games, 
local computer news, and so on. For infor­
mation on the time and location of local 
meetings, contact Bill England at WVCS, 
167 Iroquois Trail, Ona WV 25545 .• 

16K STATIC RAM 

THE WAY YOU LIKE IT 

AssemblP<i and tested ..................... .... $595 

GU..r•n1o;.(Jk.f a... 1u1r~., 

16K kit . ..... .... . ...... . ....... . .. . ... .... .. $525 

8Kkit .... . .... ... . .... .... .. ..... ............$295 

Kit with all but 2114 memories .................. $88 

Bl ANK BOARD .. . .... . ............ . ......... $35 


COMPARE THESE FEATURES: 
• S.100 BUS COMPATABlE 
• 	 COMPlETEl Y STATIC WITH NO CLOCKED CHIP·SElECT Oii REFRESH 
• Will RUN ON Z-80 SYSTEMS AT • ""'z WITH NO WAIT STATES 
• Will RUN ON ALPHA MICROSYSTEMS AM-100 AND ON OMA SYSTEMS 
• 	 USES 211 4 MEMORIES-AN INDUSTRY STANDARO 
• 	 HAS INDIVIDUAll Y ADDRESSABLE 4K BLOCKS Of MEMORY 
• 	 SOFTWARE WRITE PROTECTION IN •K BLOCKS 
• 	 PAGING OR BANK SELECT FE ATURE FOR MEMORY EXPANSION AND LOW 

SOFTWAREOVERHEAD TIMESHARING SYSTEMS 
• 	 COMPLETELY BUFFERED ADDRESS AND DATA LINES 
• 	 SINGLE 8 VOlT POMR SUPPLY 
• 	 HIGH QUALITY. LOW PllOfllE SOCkETS FOR All IC'S 
• 	 SOI.DER MASKED P.C. BOARD ANO SCREENED PARTS Pl.ACEMENT LEGEND 

FOR EASE Of CONSTRUCTION ANO 0£PENOABILITY 

S-100 BUS TERMINATING BOARD $25 
Ablotm noi,.,, O\l\'f'Shooc, rinting. l'f&clion. 

S-100 EXTENDER BOARD 	 S16 
Wilh jumpt'~ in ~ supply lintS lot cu r~nl --~nu. Low pmli~ 

IO cord un r<m.11in in lhe machino wilh cowr on. Wide ~ connoctot. 


PRICES SHOWN INCLUDE U.S. SHIPPING. wt ACaPT VISA, MASTER CHARGE. 
CASHIERS CHECK. M.0 . ALLOW TIMl FOR PERSONAL CHECKS TO ClEAR. C.0.0 . 
ORDERS ADOS I. UTAH RESIDENTS ADO 411'1 TAX . 

[)~lJ~Tfll r:IU~Ra SYETEr:lE 
BOX 1212, OREM, UTAH 84057 

(801) 224-2102 

ED SMITH'S SOFTWARE WORKS 

Announces A 


M6800 SYSTEM RELOCATING ASSEMBLER 

AND LINKING LOAD ER 

for SwTPCo or Altair 680b 


ATIENTION ALL NON DISC 6800 OWNERS: Now you can produco larqe object pro· 
grams without the re.strlctlon of requiring enough memory storage to contain the text 
needed for large size object programs. By using our Relocating Assembler and Linking 
Loader you create your programs in smaller , more easily handled segments which can he 
a,nem bled separately and then linked together at load·time . This, in effect, allows as­
sembly of programs whose object codQ alone would require most of your sys tem 
memory . Load-time linking also provides the capability or setting up program libraries 
which can be called by any program without having to Include the text in each iSsembly . 
This as.sembler hu many reatures new to the personal computing muket , such as relo · 
eatable code , a full alphabetized cross reference listing, both local and global labels , 
listing or e>eecution dme, 8 character labels, use or a break character in labels, variable 
column print and ttrminal listing formats, and for all those PR-40 forty column printers 
out there the ability to produce an 80 column proressl onal looking 1ssembly output 
Hsting. The assembler also includes a mini ·editor to allow coresident correction of as· 
sembly errors , load and .save source code, generate new source code. list source code. 
etc. The source code uses the TSC Text Editor format so that their program may be wed • 
to compliment and expand the included editing functions. 

The Relocating Assembler and the Linking Loader are furnished on nuttte In relocat ­
able formatled code, so they may be placed anywhere in memory . A short mlni·loader 
program in standud Mikbug format is supplied to init ially load the Linking Loader at 
any desired address. A comprehensive Instruction Manual and an extensi"'ely commented 
assembly listing complete the M68AS assembler package. 

M68AS ... .. .... . ... . ... . . . . . . $50 .00 


A disc oriented version or the Relocating Assembler and Linking Loader is also available 
from Smoke Signal Broadcasting. 

Other Programs (see Dec . Byte) 	 • 
M6800 Disassembler/Trace ............. M68DT ..•.••••.• . . • • • •• •. ...•$20.00 

M6800 Source Generator.. ....... . . ... . M68SG .... .... .. . •. •. •.•... . . 25.00 

M6800 Roloc>10 .... .... ...... . ... .... M68RL ...... . . ......... . ..... 10.00 

M6800 Bin••v Load .. .. ........ ..... .. M68BL . . . ... ...... .. ...•... . . 10.00 

Package or above 4 proqrams ... . . . . . . ... M68PK ... .. ....... .. ... . ... . . 55.00 


Order direct by check . Specify sys tem configuratjon If other than SwTPCo. California 
residents add 6% sales tax , 

Note : We shortened our address : 

Ed Smith's 

SOFTWARE WDAHS 

P. 0 . Box 339• Redondo Beach, CA 90277.•........•..........••••••••.••.•..••...•.•........ 
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Controlling the Real World 


For many experimenters, the micro­
processor is an excel lent source of mind 
stimulation, and that is a laudable end in 
itself. But afte r you figu re out how a com­
puter works, perhaps bu il d one, and pl ay 
various games with it, you might want to try 
yo ur hand at process control. 

15W 
+5V LI GHT BULB 

MONSANTO 

MCS-1
330 r---------, 

'--~~~~I~~ I 
I I 


I - I
I I r'\J 120VACI I 
FROM 
OUTPUT >-~~~~'~--' I

I IPORT L __ ______ _J 

27 K 

Figure 7: Simple half wave control of AC operated devices using an SCR 
(silicon controlled rectifier) optocoupler. 

15 w 
LIGHT BULB 

+5V 

MONSANTO 

3~0 MCS - 1 
,------­ ---, 

I 
I 

+I 
I 
I 

FROM I 
OUTPUT >-~---;,~---' I 
PORT L ______ -- __J 

27K 

Figure 2: Full wave control of AC operated devices using an SCR 
optocoupJer. 
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Hank Olson 
POB 339 
Menlo Park CA 94025 

Industry looks upon the microprocessor 
as the controller of processes, whether as 
large as a steel ro ll ing mil l or as small as a 
telephone instrument. And, indeed, the 
microprocessor may be one way to help 
so lve the automobi le emission prob lem, 
the fue l crisis in home heating, and a myriad 
of other current social problems. 

The output of an appropriate set of ones 
an d zeros by the microcomputer (after it has 
digested all its inputs and instructions) is all 
that is required to solve the probl em, 
theoretical ly. However, there stil l remains a 
fair gap between the microcomputer output 
and the clos ure of a so lenoid valve in a piece 
of machi nery, for instance . 

Figure 1 shows one such real world 
application, an SCR (silicon co ntro ll ed 
1·ectifier) optocoupler used to control a 117 
VAC line operated device with microcom ­
puter output logic vo ltages. This ci1·cuit 
wil l certainly work, but the light bulb load 
will light only to half brilliance because the 
SCR conducts only on the positive half cycle 
of the AC line voltage. One way of getting 
around this is to modify the circuit, as 
show n in figure 2, by using a diode bridge 
in co nju nction with the SCR photocoup ler. 
Th is is an old trick developed to al low SC Rs 
to be used for full-w ave contro l. It came 
into use before the introduction of the 
Triac. 

There is another way of achieving full 
wave AC control: Use a dual SC R opto­
coupler such as the Monsanto MCS6200. 
Sin ce there are two light emitting diodes and 
two photo-SCRs (each LED contro ls its own 
photo SCR), one can connect the LEDs in 
series and the photo SC Rs in reverse para I le i 
to create the equivalent of a Triac photo­
coup ler. Th is co nnection is shown in figure 
3. (The MCS6200 is useful for other appl ica­
tions, of course, such as polarity reversal.) 



+SV 

15W 
200 LOAD 

"\_, 120VAC 

Figure 3: Using a dual SCR 
optoisolator for full waveFROM 

OUTPUT 
PORT control of an AC operated 

device. 

The MCS-1 and MCS6200 are rather 
limited in their current handling capability, 
however. The MCS-1 wi ll carry 250 mA and 
the MCS6200 will carry only 150 mA . This 
sort of capability is fine for lighting small 
light bulbs, but hardly su itable for the types 
of loads found in real process controls. 

When working with 117 VAC control 
schemes, zero voltage turn on and zero 
current turn off are desirable design goals. 
If we had a logic controlled device capable 
of closing the AC connections only when the 
AC voltage is crossing through zero, a num­
ber of problems would be solved . {AC volt­
age alternates sinusoidally, crossing the zero 
voltage point twice per cycle.) The large 
inrush current that can occur when an AC 
switch is closed at {or near} the positive or 
negative peak of the AC sine wave can be 
eliminated by such a zero voltage turn on 
device . Zero current turn off techniques 
have the added advantage of not interrupting 
large currents in mid flow. If the AC load 
is a pure resistance such as a light bulb or 

heater, the zero voltage and zero current 
points are coincident in time; but, in general, 
AC loads will have inductive or capacitive 
reactance. The current an d voltage wave­
forms will therefore be not quite in phase. 
For general use, we wish our logic con­
trolled AC sw itch to have both zero voltage 
turn on and zero current turn off. Such 
a device is the modern solid state relay. 

The Monsanto MSRlOOB is a good 
example of the solid state relay. As with 
other optically coupled devices, the sol id 
state relay maintains complete isolation 
from the logic level controlling system. The 
MSRlOOB is shown in block diagram form in 
figure 4. Th e device is rated for 10 A at 120 
VAC. So up to 1.2 kW can be controlled 
with only TTL level inputs. The modern 
sol id state relay has a myriad of protective 
features built into it (see figure 4) . The zero 
voltage turn on and zero current turn off 
features contribute most to the desirability 
of the solid state re lay since they can atten­
uate lin e transients and radio frequency 

,---- ---, 
t----~I~~ I ZEROVI-I IN PU T 

ACCONTROL CROSSINGBUFFERVOLTAGE OUTPUTTRIGGER 

t-----,:---~ '--::>'-+---1 CIRCU I T 


FILTERV(+) 

L ________ _j1 

2 
OPTICAL 

ISOLATOR 

Figure 4: A typical solid state relay. Units such as this Monsanto MSR 700/200 have many con­
venient features. The zero voltage and zero current switching abilities eliminate damaging high 
current surges to the load, as well as high voltage transients experienced with inductive loads. 
The input filter prevents short duration noise (<10 µs) of signal strength from falsely switching 
the relay. The output filter suppresses transient signals generated either from inductive loads or 
long fines. 

BYTE March 1978 175 

3 



+5V +ECC 

LOAD 

1­ -­ -----­ --, 
I I 
I I 
I I 

Figure 5: Use of an 
IL I _________ J 

oplocoupler to directly 
control a relatively small 
load. 

FROM 
OUTPUT 
PORT 

:;o 

25 

20 

I C COLLECTOR 
CU RRENT IN 
OETECTOR(mA) 15 

10 

5 

DETECTOR VCE COL LE CTOR VOLTAGE !VOL TSI 
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interference that could get back into the 
processor and unload memories or modify 
programs. Sol id state relays are made by 
International Rectifier Corp (Crydom). 
Amphenol (Ru nker Ramo), C P Clare, 
Douglas Randall (Kidde), Electro!, Gordos , 
Gould (All ied Control), Grayhill , Heineman 
Electric, Potter and Brumfield, Teledyne, 
and Theta-], to name a few. It is a good idea 
to study the features of the various relays 
available, since there are so many variations. 
10 A is a common current rat ing, but uni ts 
are available with up to 40 A current 
capacity. 

We next consider the DC side of things. 
Where is DC used for these types of appl ica­
tio ns? The automobi le is one answe1·. The 
auto industry hopes to use microprocessors, 
but must operate them fro m +12 VDC for 
r·easons of practicality. The SCR opto­
coup ler in figure 1 can not be used for DC 
control, unless one wishes the DC being 
control led to latch "on." That is, once the 
controlli ng diode turns the photo SCR "on" 
(with a DC supply of the proper polarity), 
the SCR will stay on no matter what the 
control current does . In order to control 
DC, it is a better plan to use a more con­
ventional optocoupler, ie: one that has a 
phototransi stor as the output device. Such 
optocoup lers are widely available from most 
of the sem iconductor producers. Among the 
producers of optocouplers are Fairchild, 
Hew lett-Packard, Litronix, Monsanto, 
Motorola, and Texas Instruments. 

An example of the use of optocouplers 
for isolated DC control is shown in figure 5. 
A Monsanto MCT-1 is used in this circuit, 
which has a characteristic like that shown 
in figure 6. The MCT-1 is an early opto­
coupler, and it has a rather low ratio of 
col lector output current to photo diode 
input current (about 35%). Newer opto­
couplers, using photo Dari ingto n transistors, 
can have a ratio of 500% or more . That is, 
for an optocoupler with a 500% current 
transfer ratio, 10 mA of control diode 
current wil I cause 50 mA of current to flow 
in the col lector of the outp ut (Darlington) 
photo transistor. 

Most optocouplers are restricted to out­
put currents of 100 mA or less with photo 
transistor voltage ratings of 30 V or less. 
(There are exceptions, Iike the Monsanto 
MCA2200, which will stand 200 V.) A 
capability of 30 V and 100 mA means that 
optocouplers can hand le re lative! y smal I 
loads of only a few watts. This is not a 
problem, since the optocoupler can be 
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followed by a power transistor whose 
current gain, voltage rating, and current 
rating can increase the capability to con­
trol hundreds of watts. Three ways that 
this can be done are shown in figures 7, 
8 and 9. Note that using an external tran­
sistor to in crease voltage or current cap­
ab iIi ty may cause an inversion of the logic, 
but this can be easily corrected either in 
software or by the addition of a single 7405 
inverter section on the logic side of the 
optocoupler. 

Many devices used in process control have 
inductive reactance as part of their imped­
ance. As a result, when switching relays, 
solenoids or motors with transistors 
(whether directly from the photo transistor 
of the optocoupler or by means of an ex ter­
nal transistor) it is desirable to add "i nduc­
tive kick" protection. The inductive kick 
occurs when the transistor attempts to turn 
off the ind uc tive load. At this point, the 
collector voltage can easily exceed the maxi ­
mum rating. A diode across the inductive 
load will protect the transistor as shown in 
figure 10. 

Another method of protection is the use 
of a thyrite varistor as in figure 11. The 
thyrite va!'istor must be chosen so as to draw 
reasonable current when the normal coil 
voltage is present across it; thy rite varistors 
are nonlinear resistors and draw abnormally 
high current when the voltage across them 
increases (during the inductive kick). 

For general reference on the subject of 
the vario us optical ly isolated couplers dis­
cussed he re, references 3, 4, and 5 are 
recommended . The catalogs of such pro­
ducers as Monsanto are also useful; brief 
application data often accompany the data 
sheets.• 
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Figure 70: Using a diode to protect the drive transistor from an inductive 
kick voltage overload. 
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Figure 77: A circuit which uses a thyrite varistor to protect lhe driver 
transistor from an inductive kick voltage overload. 
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drive a load requiring high 
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Interfacing the Sykes OEM Floppy 


Phil Hughes 
POB 2847 
Olympia WA 98507 

This article shows how I interfaced a 
Sykes 7158 OEM floppy disk kit to a 
SwTPC MP-68 computer system. The system 
presented is not the ultimate design but it 

Photo 7: The interface between the Southwest Technical Products 6800 
system and the Sykes floppy dis/? subsystem was fabricated on this proto­
typing board for the SwTPC bus. The schematic is shown in figure 3. 
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has been built and it operates properly. I 
consider it a good basis for the develop­
ment of a disk operating system. 

First, let's look at the Sykes kit. The 
7158 kit consists of an Orbis disk drive and 
a controller designed and built by Sykes 
which emp loys a 6502 microprocessor. 
This is one of the smarter control lers. The 
interface consists of only an 8 bit bidirec­
tional bus and five control lines for hardware 
requirements. Software commands such as 
track select, read sector X and reset are used. 
Additional commands such as step head in 
and step head out are available but are only 
used for diagnostic purposes. Cost of the 
7158 kit is about $1300. 

Alternatives to the 7158 kit are the 7258, 
7358, and 7458 kits which are similar but 
include two, three or four disk drives. Notice 
that the controller can handle up to four 
disk drives. Another alternat ive is the 9158 
and its multip le drive relatives 9258, 9358 
and 9458. These units offer greater pac king 
density and therefore greater storage capac­
ity. The capacity of a 7000 series drive is 
256,256 bytes and 630,784 bytes for the 
9000 series. If you need the extra capacity a 
9000 series kit may be a better choice. How­
ever, this is Sykes' own format and is not 
like ly to be compatible with anything else . 
The 7000 series units are compatible with 
the IBM 3741 format. 

If you are unfam ii iar with the I BM floppy 
disk format it is composed of 77 tracks 
numbered 0 through 76. Each track is 
divided into 26 sectors numbered 1 thru 26. 
Each sector consists of four fields as shown 
in figure 1. 

Power requirements for the disk and con ­
trol ler are shown in table 1. A commercial 
power supply can be purchased or you can 
build your own supply. Figure 2 is a 
schematic of a power supply which supplies 
the needed voltages, offers voltage adjust­
ment on the +24 and +5 supplies and has 
both adjustable current limi ting and over­
vo ltage protection on the 5 V supply. 

Once the power requirements are satisfied 
we can get to the interface. My design goa l 
here was to build the complete in terface on 
a circuit board which wou ld fit into an 10 
slot on the MP-68 . This feat is shown in 
photo 1. This inte rface was built on a 
Person al Computing Company board using 
quasi wire wrap techniques. This means that 



Disk Kit to a Personal Computer 


Photo 2a: Top view of the 
Orbis disk drive used by 
Sykes in its 77 58 system, 
with the floppy disk 
inserted. 

Photo 2b: Bottom view of 
the Orbis disk drive used 
by Syl?es, showing the 
built in control electronics 
and belt drive for the dis/? 
spindle. The Sykes inter­
face (photo 3) has been 
remm1ed for this picture. 
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Pholo 3: The Syl?es floppy al l the !Cs were placed in wire wrap soc kets 
disk control/er board. This and al l other con nections were soldered. I 
board mounts on the fo und th is to be a very workable 
boll om of the Orbis drive; compromise. 
it contains a 6502 proces- The schematic of the in terface is shown 
sor with read only in figure 3. Th e heart of the interface is a 
memo1y programming 6820 Peripheral Interface Adapter {PIA). 
needed to implement the Support components are needed to inter­
high le vel command face to the disk controller bus. Also I bu il t 
sequences available on the fou r level indicators and permanently con­
bidireclional interface. nected th em to TPl thru TP4. These in­

dicators proved very hel pful during both 
hardware and software debugging. 

Voltage Controller Drive Total 

+24 ± 10% 1.5 A max 1.5 A 
.75 A idle 

- 12 ± 10% 100 mA 100mA 
+5 ± 5% 3 .0 A .75 A 3.75 A 

Table 1: Disk interface DC power requiremenls. The power supply of figure 2 
was designed and built to meet these requirements; for those desiring to omit 
this detail, Syl?es mal?es available a power supply module for the controller 
and drive. 
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IAM I 10 Field DM Data Field 

AM = Address mark . Indicates that an ID field 
follows immedately . 

ID Field = Identifies track and sector number of 

the following record. 

DM = Data mark or delete mark. A data mark 
delimits the ID f iel d and indicates that a good 
record follows. A delete mark delim its the ID 
fi eld and indicates that a deleted record follow s. 
Note that the deleted record flag is a software 
fu nction . A read of a deleted record is processed ; 
just the status is set to indicate that the deleted 
record flag w as set. 
Data Field = Contains 128 by tes of data. If less 
than 128 bytes are transferred the record is fi l led 
by the controller . Note that both the ID field and 
the data f ield are terminated by two cyclic 
redundancy check (CR C) bytes . These characters 
are automatically generated and checked by the 
disk controller. 

Figure 1: Sector layout. The sector layout is 
fixed by the design of the controller. Each 
sector has 7 28 bytes of data, and an identi­
fication number which contains track and 
sector information in the "soft " format for 
floppies. 
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2 fuse holders 

Line cord and switch 

Chassis 

Power terminal strip 

Heat sinks (4) for power semiconductors 


_..>'<....,.......­ ....--+1-+-i : .47Sl 
3.3 150 I 1 IOW 

12 II 10 

723 
VOLTAGE 

REGULATOR 

234567 

K Sl I •L.. _____ J 
+5 

.--------....,,,..,...~.-~-i~REG 

20K 

CURRENT 
LIMITER 

4A 

1oon 

Figure 2: Power supply for disk system. This power supply uses the 723 voltage regulator IC to actively regulate a 24 V 2 A 
supply for the disk motor(s), and electronics supplies of - 12 Vat 0.35 A and 5 Vat 4 A. 

The software which I have developed is 
reasonably primitive but should be a valu­
able too l for use in the development of a 
disk operating system. It performs four 
functions. They are read (R) , write (W}, exit 
(X) and start (S). The read and write func ­
tions transfer the first 8 K bytes of memory 
to and from specified locations on the disk. 
The user is prompted for the location wh ich 
is indicated by one character from A to P. 
Th is character is converted to a track address 
and the 10 function is performed. After each 
operation the disk status byte is returned to 
the control terminal. The exit function 
returns control to the Motorola MIKBUG 
monitor. The start function performs a \MP 
to location 0100, the start address of the 
SwTPC software. 

Hexadecimal 

Condition Value of Bit 


Deleted Record 80 
Fault 40 
Track 00 20 
Disk Protect 10 
CRC Error 08 
Busy 04 
Ready 02 
Data Service 01 

Table 2: Controller status byte. 
this byte determines one flag 

Bit Position 

Bit 7 
Bi t 6 
Bit 5 
Bit 4 
Bit 3 
Bit 2 
Bit 1 
Bit 0 

Each bit of 
signal sent 

back to the computer. Detailed information 
is included in the Users Manual For Series 
7000/9000 OEM Systems Kit which is 
supplied with the drive when it is purchased. 
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Figure 3: Southwest Tech· 
nical Products 6800 com­
puter interface card design 
for the Sykes floppy disk 
/?it. A 6820 PIA part 
determines the state of the 
various interface lines and 
effects the transfers. 
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Us ing these basic functions, programs 
such as the Editor, Assembl er, and BASIC 
can be loaded into memory and written out 
to disk so that they can be subsequently 
loaded from disk . The advantage: It takes 
about 30 seconds to load the disk load 
routine from cassette at 30 cps and then 
disk 10 is perform ed at about 10,000 bytes 
per second . If you modify the Editor, 
Assembler, and BASIC so that they do not 
use the memory where DISKLD is loca ted 
you will be able to load each program 
directly from disk . 

For example, the fo llowing sequence 
can be used to modify 8 K BASIC so that it 

IC Type +5 Gnd 

IC1 6820 20 1 
IC2 8835 16 1 
IC3 8835 16 8 
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will preserve the memory used by the disk 
load routine and save 8 K BASIC on disk . 

• 	 Load 8 K BASIC from cassette or paper 
tape. 

• 	 Change memory location 0044-0045 to 
hexadecimal 2DFF. This is th e upper 
memory limit that BASIC wi ll attempt 
to use. 

• 	 Load DISKLD from cassette or paper tape 
and start. 

• 	 DISKLD should respond with "22LDR> ." 
The 22 is the status as defi ned in 
table 2. If the status is other th an 22 
or 02 you should look it up in tab le 2 
and determine wh at the problem is. 

• 	 In response to "LOR>" enter " W" (for 
write). 

• 	 In response to "ID- " enter the ID you 
wish to save BASIC under. (B is a 
logical choice.) 

• 	 DISKLD should respond with th e status 
again (wh ich should be 02) fol lowed 
by another status and the "LOR>" 
message . 
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If the status is correct from the previous 
sequence you should now be able to load 
BASIC from the disk and start its execution 
by the following sequence. 

• 	 If the system has been powered down or 
DISKLD is no t loaded, load it from 
tape and start. 

• If the status is correct enter " R" for read. 
• 	 In response to "ID-" enter the ID of 

BASIC ("B"). 
• 	 If the status is correct ente r "S" to start 

execution. 

For those who wish to dig in and start 
writing some fancy software DISKLD con ­
tains the following functional units. 

• 	 DCNTRL - Calls the PIA initialization 
routine, prompts the user for the 
desired function (R, W, X or S) and 
transfers control to the requested 
routine. 

• DINIT - Sets up the PIA. 
• 	 DCOMM - Issues the command in the A 

accumulator to the disk and returns 
disk status in the A accumulator and 
PIA address in the index register (X). 

• 	 DIPLR - Prompts for ID and performs an 
8 K byte disk read. 

• 	 DIPLW - Prompts for ID and performs an 
8 K byte disk write. 

• 	 DTERM - Issues a terminate command to 
the disk controller, returns the status 
to the control interface and returns 
control to DCNTRL. Used by DIPLR 
and DIPLW. 

• 	 DISKLD - Designed to work with MI K­
BUG and with the disk interface 
connected to 10 slot 0. The EQUs at 
the beginning of the program set up 
this environment and can be changed 
to meet the requirements of different 
configurations. 

The hardware interface requ irements are 
defined in detail in the documentation 
supplied with the disk kit. These basics 
should make the SwTPC interface more 
understandable: 

• 	 01 to D8 are eight bidirectional data 
lines. Their direction and contents are 
defined by the status of the DOT and 
DATA control li nes. Note that Sykes 
defined the high order bit as 0 1 and 
the low order bit as D8. (Motorola and 
SwTPC define 07 as the high order bi t 
and DO as the low order bit.) 

• RESET is a bidirectional, ground asserted 

Listing 7: Software of the primitive disk 
interface software used to test out the drive 
and provide a minimum level ofmass storage 
function . DSKLD performs four functions: 

R = read a block from disk. 
W=write a block to disk . 
X =exit the DSKLD program. 
5 =start a program at the assumed entry 

point ofhexadecimal 7 00. 

This program was assembled and listed using 
a printer with narrow width, so comments 
are somewhat restricted. The terminal 
command interpretation is done by means 
of a sequence of comparisons at addresses 
2£74 to 2£22. 

on ly the processor can send a reset 
command to the disk controlJer. 

• 	 FLAG is a controller originated, ground 
asserted signal. This signal informs 
the computer that the disk controller 
requires service. 

• 	 DATA is a computer originated, ground 
asserted signal. When asserted, the data 
lines (Dl Lhru D8) will contain a data 
byte. When not asse rted , the data lines 
will contain either a command (from 
the computer) or a status (from the 
disk controller) . 

• 	 DOT is a computer originated, ground 
asserted signal. When asserted it in­
dicates that the direction of transfer 
on the data lines is from the computer 
to the disk. 

• 	 STROBE is a computer generated, ground 
asserted signal indicating that informa­
tion is being transfe rred on the data 
lines. 

Section A of the PIA is used to hand le 
the data lines. The peripheral control line 
CA2 is used to supply strobe information. 
The two low order bits of section B of the 
PIA are used to control the DOT and DATA 
control lines. Bit 7 of the B section of the 
PIA is used to rece ive flag information from 
the disk control \er. In itially CA1 (P IA 
section A interrupt inp ut) was to be used 
for the flag function; however, the current 
design of the DISKLD program can loose a 
flag status change. Using PB7 has proved to 
be easier to handle. 

For those who wish to develop a disk 
operating system from the basic hardware 
and software I have the following 
suggestions. The easiest type of disk all oca­
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208 DHl!T EOU IN!T 
!Fl.lZJITIOll 

2El8 CE 0000 LOX IDP!R 
2ElB 6F Ill Cl.R J. x SO.E 
CT Ill> REG 

2£10 86 Ill LDfl A ISJ SfT 
COITTRa. Lll£5 TO OOTPIJT 
2ElF Al i12 STA R 2,X 
2£41 86 94 LOO R 1Jll4 
2£43 Al Bl STA A J,X SELE 
CT DATA Rl:G 

2£45 20 15 !IRA DSTAT•
<'.H7 OCClll'I Elll.l attl 

00 ISSI!£ . rlf'llT: IFCOllt1I«> 
• Cl.ITPUT: ll=STATUS. : X•P!A fflORESS 

2£47 cr 8008 U>X IDPIA 
2E4A C6 02 Lllfl e 1182 CQrll1 
AfC) l'IXlE 

2E4C E7 i12 STR 8 2,X 
2E4E 6F 01 cu;: LX 
2E5!l C6FF LDA e ISFF S£T 
P!A 

2E52 E7 ee STA 8 o, x FOR 
OOTl'UT 

2£54 C6 2C LOO 8 IS2C 
2£56 £7 01 STA 8 LX lft() 

Slff:E 

2E58 A7 ee STA A ll. X CQrll1 
00 

2E5A A6 00 LOO A e.x STRfl 
BE IT 

DSTAT Cl.R LX = 6F01 
l.DA A H03 STAT 

IU)[ 
= 86 Ill 

2£68 A7 02 STA A 2,X 
2£62 6F ee Cl.R e,x 
2E64 C6 2C I.DA 8 lf2C 
2£66 E7 01 STA B LX 
2£68 A6 ee LOA A e.x 
2E6A 39 RTS 

signal. The in terface is designed so that tion system to handle and integrate into Continued on next page 
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Listing l, continued: 

. 
• iff() 61' ID 

21:'1: OIPI.~· EQO 
2£bl! CE 2010 OllfMI LOX I0!1l15G 
.::l:b(' E;! o (97f. JSlt POMA1 
2Ecl E~ E l~ JSR IfEEE 
2£'7--1 C4 0F ffl> A ISl!f 
2 [?1j. 48 11SL A 

2H 7 48 RSL A 
2E7ll BO .IHI JSR orot1 IRA: 
K 

2E7& f;6 DI LOA A H OI 
2£111 El> 2£47 JSR DCIM' 
2Ell>l ll6 01 LOA A H OI SET 
DATA Liil 

2ES< A1 02 ST A A 2,X 
2E04 EE lFFF l.DS IUFff 
2£01 C6 00 DIUI' Lbfl B 1190 
.1£09 €1> 02 Of'lllIT ISi 2.x 
2ESG 20 re 8111 ONIIT 
2Ellf> R6 00 LOA A e.x 

.? E8F ~(. PSI< A 


2£9'1 SA 0£C B 

2£91 2• Ft; llNE Ofi.1 !1 

2( 93 fE 2£9[ >TS OTEJP 

ZE% <>'! EF BPI 

2E98 OC fe42 l.DS llA042 

2E~ i'E 2EOli Jl'f -OTEIIll 


2£9£ 0000 OTD1' FOO BS 
2£"1 49 ORr!",,G m: I ll)-/ 
.lElll 04 FCB 184. 

• DISK !Pl ll! ITE 
2£A• DIPl.M ElllJ . 

2ER4 CE 2EM Oll(MI lDX l!llltlSG 

W17 80 E01E JSR POA TA1 

2™ 80 E1AC JSR HEE£ 

2£f() 84 llf IN> A IR!f 

?!:A' 48 11SL A 


2EBll 48 llSL A 

2EB1 BD 2':41 JSR orotl 
2Ell4 ll6 21 LOA A 1121 
2£86 BO 2£41 JSR llCOtl 
2£69 fJ 01 cu 1.x 
2£88 ll6 FF LOA A ISFf 
2EBD A1 011 SlA A e.x 
2Ellf 116 2C Lbfl A l f2C 
2£CI A1 01 SlA A LX 
2£CJ fJ S< cu 2.X 
2EC5 Cl: IFFF LOX ISIFFF 
2EC8 R6 00 Oll.tll' LOA A e.x IE 
DAIR 

2ECA F6 e&82 Dll'llT Lbfl B Df'l~2 
2£CD 2B FB 8111 Olf'llT MAii 

FIJI FlJ(j 

2ECF 81 0000 SlA A Df'IA 

2£0~ F6 eeee LOA B Df'IA 

2ED5 09 ot:X 


2£06 2£ re 111£ Dll.OCI' 
2ED8 ll6 Bl DTEIIll ~ A Ital T£Rl1 
FlJCT JOll 

2EOO 002£41 JSli 
2EOO 61> B2 OTMAI T TST 

2EOF 2B FC Biil 

2H1 BD E08F JSR 

2££4 i'E 2£9& JIP 


00 DCHT 
RI. 

nmu; EeEl 
PDATA1 E01E 
!IEEE E.lAC 
ME.EI £!DI 

OUT:i!ll E8CF 

DPIA -OCliTla. 2E8'l 
OCSTRT 2£21 
OCREf() 2E2A 
DC\11 IT 2E20 
OCEXIT 2El0 
OCii;G 2Ell 
OIHIT 21:38 
llCOtl 2£41 
DSTAT 2E5C 
Dll'l.Jl 2E6S 
- 2[!;8DIO!E a:a1 

DFlflIT 2EB9 

OIElf' 2£9E 

O!lltSOl 2EM 

DIPUI 2ER4 

Ofm\'11 <'UM 

(11.l.l)J' 2£C8 

Dll-"llT 2ECA 

DTERr1 1iD8 

Dl i.1 11 2EOO 


TOTfl.~ -

existing programs is allocation of contiguous 
disk space to a given file. This type of 
allocation has the disadvantages of needing a 
di sk clean up routine to compact unused 
space and also results in more wear at the 
beginning of the disk but is much easier to 
deve lop than a system which al lows alloca­
tion by sectors or pages. Because of the 
relative ease of im plementation the fo l­
lowing ideas are based on the contiguous 
allocation design. 

Disk Directory 

Track 0 should contain a directory of all 
the fi les on the disk. I think the fo ll owing in­
format ion should be con tained in each disk 
di rectory entry: 

• 	 File Name : 1 to 6 character name used to 
locate the fi le. 

• 	 Type: An indicator to show if the fi le is a 
source program, an abso lute object 
program, etc. 

• 	 BOE : Beginning of extent. The track and 
sector where the first record of this 
file is located. 

• 	 EOE: End of exte nt. The last track and 
sector which is allocated to this file . 

• 	 EOD: End of Data. The last track and 
sector of the fi le which contai ns actual 
data. The space from EOD to EOE is 
for fi le expansion. 

• 	 Delete Flag : Ind ica tes that this file has 
been deleted . This is used by the com­
paction ro utine to compress out 
re leased space. 

• 	 Creatio of Date and Time: This in forma­
tion is optional but space should be 
allocated for it in case it is added at a 
later date . 

All of this directory info rmation cou ld be 
easily con tained in 32 bytes with space left 
over for expansion. This would result in 
four direc tory entries per sector or 104 
files per disk if al l of track 0 were used to 
contain th is information. Actually , sector 
1 of track 0 should be reserved for disk 
header information and pointers, thus 
leaving 25 sectors or 100 entries. 

Disk Utilities 

The fo llowing utility routines are 
necessary to manage the disk system. 

• 	 List Directory: This program li sts direc­
tory en tries so that the user can 
determine what is on the disk and 
perfo rm any desired housekeeping. 

• 	 Define or Delete File: This program 
allows the user to delete an ex is ting 
file (ie : set the delete flag in the 
di rectory) and to define the char­
acteristics (name, size, type) of a new 
file. 

• 	 Pack Disk: This util ity moves files so that 
all allocated disk space is contiguous 
and updates the file directory, 
removing the entr ies for deleted files . 
When this operation is completed all 
free disk space is at the end of the 
disk. 

• 	 Copy File: Performs a disk to disk copy 
or a load from tape to disk or save 
from disk to tape. 

Disk 10 Subroutines 

Th e followi ng subroutines must be made 
available to the app lications programs to 
perform disk 10. 

• 	 OPEN : Sets up 10 information about the 
file. 

• 	 CLOSE: Deactivates the file and upd ates 
t he directory entry to indicate any 
change. 

• READ: Transfer a file block to memory. 
• WRITE : Transfer a file block to disk. 
• 	 POS : Position a file to a specified file 

block. 

File Control Block 

Th is is a tab le which is used to maintain 
current information about a fi le while it is 
bei ng used (open) . This ta bl e is generated at 
the time a file is opened . At close time, it is 
used to furnish the necessary information to 
update the file directory. 

Operation Control Block 

This is a packet which is created by the 
appl ications program to tell the disk 10 
hand ler what opera tion is desired and on 
what file. Error status can be returned to the 
appl ication by the disk 10 handler in th is 
block . 

These are all the basic pieces necessary to 
put together a disk operating system. Once 
this is accomplished the app lications 
programs must be modified to use these new 
10 routines. If all this sounds like a lot of 
work, it is; but when you have all this com­
pleted an d debugged you should know 
everything abo ut 6800s and disk 10. In fac t 
you have learned so much you can start over 
and do it so much better. Thus, on goes the 
endless saga of system software .• 
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Software Bootstrap 

Location Op Code 

140 000 
140 003 

303 003 140 
(start of bootstrap program) 

JMP 140 003 

DIAGRAM 

RESET Jl~--­
SYNC J__JuuL_fuL

6 
SYNC >------~=-l UPOC : ~ 

IC2 
74193 

ADDRESS 
MODE L I NE 

Figure 7: A circuit designed to allow programmable memory to reside at location 0 in an 8080's 
memo1y address space, while still allowing a ROM bootstrap permanently in memo1y. Fol­
lowing system reset, this simple circuit forces the system's address lines to map location 0 into 
location 7 40 000 for the first instruction's execution. If the first instruction is a jump to 
locaton 7 40 003, the bootstrap can be initiated at 7 40 003 by an RST 0 instruction forced 
onto the data bus during the system reset process. (Addresses other than 740 000 can be 
assigned to the bootstrap ROM with appropriate modifications of the decoding circuit.) 

Get On at the Right Address 

IC4 2 D Q ,_5 __D_R_ S_M_O_D_E_L__E~__AD E_S_ IN

ICI 
7474 

TIMING 

CLR 

5

The 8080 processor "wakes up" at 
000 000 (sp lit octal) as people with home­
brew systems probably know. My system 
has a bootstrap programmable read only 
memory which ini tializes my 10 ports 
(keyboard, cassette interface, and video 
disp lay) and allows me to load a program. 
Many avai lable programs originate at 
000 000 and, although they can be relo­
cated, it is more convenient to leave them. 
Also, the very useful instruct ion RST 
(res ta rt n) makes use of memory originati ng 
at 000 000, and, to be effective for diffe r­
ent programs, this memory must be pro­
grammable . The probl em is to get to the 
bootstrap first, but reserve programmable 
memory starti ng at 000 000 for programs. 

The following simple circuit allows an 
immediate software jump to some other 
memory location besides 000 000 (i n this 
circuit it is 140 000) where the bootstrap 
is located. Programs can then be loaded 
into programmable memory starting at 

000 000. Note that, after the first instruc­
tion is executed, addressing returns to 
normal in every respect (until another 
system reset). 

The circuit is based on two excl usive OR 
gates. Whil e the address mode line is high, 
address lines 13 and 14 will be inverted . 
This happens at system reset (power on, 
for instance). At thi s poin t the 74193 begins 
counting SYNC pulses (one every machine 
cycle) and at the begin ning of the fourth 
machine cyc le, clocks a low onto the address 
mode line, thereby restoring normal ad­
dress ing. In effect the processor is putting 
out address 000 000, but the memory 
interprets it as 140 000. The bootstrap 
programmable read on ly memory instruction 
to jump to 140 003 is at this location . A 
JM P instruction takes three machine cycles 
so that, just as the second machine instruc­
tion is beginning, addressing returns to the 
normal mode and you're on your way 
starti ng at 140 003.• 

IC +5 v Gnd 
Number Description Pin Pin 

IC1 74 ·14 14 7 
IC2 74193 16 8 
IC3 7486 14 7 
IC4 7404 14 7 

Table 7: Power wiring 
table for figure 7. Note 
that as usual ceramic by­
pass capacitors of several 
tenths of a microfarad 
should be used as noise 
suppression, wired be­
tween +5 V and ground. 

Frank S Holman 111 
611N63St 
Seattle WA 98103 
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Notice 

Neither the author nor 
BYTE magazine assume 
any responslbi//ty for the 
use of any circuitry de­
scribed, and no patent 
licenses are Implied. 

Figure 7: The typical 
"dumb " memory block. 
This diagram sho ws var­
ious address decode and 
control logic elements ofa 
bus oriented computer 's 
4 K memory block. (The 
same general diagram 
would apply as well to an 
8 K, 76 K, 32 Kor 2 K 
block.) 
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The Intelligent Memory Block 


Adding Processors to Enhance Performance 

Multiprocessing 

If you were to poll a group of computer 
hobbyists on how to increase the power of a 
particular microcomputer system, you 
would most likely get two suggestions, 
namely "add memory and 10 devices " and 
"substitute a faster processor wi th a more 
powerful instruction set." If someone 
suggested "add a few more processors," 
he/she might draw stares of disapproval. 
However, the idea is not as far·fetched as it 

CEN TR AL CENTRAL 
CLOCK ADDRESS BUS 

</>2 A15 Ao 

BS 

BLOCK SELECT 
_fl__ 

BS : BLOCK SELECT 
CE : CHIP ENABLE 
RW: READ • I 

WR ITE•O 

8101 RECTIONAL LOCAL DATA BUS EXTENSION 

may sound. Mul tiprocessor systems exist in 
the world of big computers (to wit, the 
IBM 360/65 and the UNIVAC 1108, to 
nam e but two) and work well in their 
environment (see reference 1 at the end 
of this artic le). In fact, the arguments for 
multiprocessing may be much stronger in 
the microcomputer world. At any rate , 
the old one processor per computer rule 
needs reexamination in light of the avail­
ab ility of $20 processor chips. 

CENTRAL CENTRAL 
RW DATA BUS 

(I) 

"' ID 

(I) 
(I) 

w 
a: 
0 
0 

" ..J 

"u 
0 
..J 

A 

LOCAL 
ADDRESS 
BUFFER 
(8097 ET C) 

RW 

4K X 8 
PROGRAMMABLE 
MEMORY BLOCK 

BS 

DATA BUS 
TRANSCE IV ERS 
(0835 ETC) 



The Dumb Memory Block 

Suppose you fi nd the need to add a 
4 K by 8 bit block of solid state memory 
to your microcomputer. Currently ava il­
able kits cost from $80 to $150 for a sys­
tem with static memory and buffered 
buses. Notice that adding a $20 micro­
processor to the 4 K memory block repre­
sents on ly about a 20% increase in parts 
costs. This articl e examines how one can 
transform a dumb memory block into a 
slave computer simply by adding a micro­
processor (and a few dollars worth of TTL 
logic) to the board. 

Figure 1 diagrams a typical 4 K by 
8 bit programmable memory block. The 
block address decoder raises the BS (block 
select) line, enabling the board whenever 
the four high order address bits from the 

About the Author 

Ken Castleman has a PhD in electrical 
engineering and works at the j et Propulsion 
Laboratory in Pasadena CA. His professional 
specialty Is dig/ta/ image processing, with 
emphasis on medical images. However, 
microcomputing is one of his hobbies and, 
since 7 973, he has built five microcom­
puters, three of which were his own design. 
This article was motivated by a profound 
philosophlca/ belief that multiprocessor 
systems have a role to play in the future of 
microcomputing but that development in 
this field is currently lagging. 

CENTRA L 
ADDRESS BUS CENTRAL CENTRAL 

A15 Ao RW DATA BUS 

.----­
' I 
I 
I 
I 
I 
I 
I 
I 
I 

-1 

I 
I 
I LPU 

I 

DISABLE 
LOGIC 

I --IL.. BS 

BLOCK 
ADDRESS 
DECODER 

CENTRAL 
EE 

CEN­
TRAL 
RW 

BS 

I 
L_ 

I 
I 
I 
I DATA BUS 

TRANSCEIV ERS 

_J LOCAL ADDRESS BUS 

LOC AL CE 

LOCAL 
RW 

LPU 

Ais 1-­--­..r i LOCAL 

ADDRESS 
DECODER 

(6BOD OR 6SOOl 

RES 

ROY 

IRQ 

NMI 

AWi---~~~~~~~~~ 

ADR 

4K X B 
PROGRAMMABLE 
ME MORY BLOCK 

D 

AW 

ROY 

IRQ 

NMI 

CL 
CONTROL 
REGISTER 
(8 - BIT 
LATCH) 

CONTROL REGISTER I S 
BS : BLOCK SELECT DBE : DATA BUS ENABLE (6800 ONLY) LOADED WHEN CENTRALG; CLOCK DR I VER (6800) RES: RESET CL : CLOCK INPUT PROCESSOR WRITES DATA 
ROY · READY AW . READ•I, WRI T E•O INTO HIGH ADDRESS OF 

LOCAL PROCESSOR'S•H IGH LEVEL I NPUTS IRO INTERRUPT REQUEST NMI . NON-MASKABLE INTERRUPT 4K ADDRESS BLOCK(NOT TTL COMPATIBLE) 

Fi ure 2: The modification of a "dumb " memo1y block through addition of a second ~rocessor and ~ual port addressing pro­
dtces an intelligent memory block. Initialization of the additional processor is accomplished by mappmg the last address of the 
4 K memory block into a hardware control word as well as memory. 
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processor specify th is 4 K block of memory. 
The address bus buffers and data bus trans­
ceivers prevent the memory chips (32 or 
so of them) from loading down the central 
buses . A few TTL gates generate the re­
quired control signals. 

Adding Intelligence 

Figure 2 ii lustrates the addition of an 
MC 6800 or MCS 6502 microprocessor· 
to the 4 K by 8 bi t memory block of 
figure 1. We shal l cal l this microprocessor 
the local processing unit (LPU) to dis­
tinguish it from the central processing unit. 
In figure 2 the address bus buffers have been 
replaced by a bank of 2 input address 
multiplexers. This allows the memory block 
to receive addresses from eithe r the central 
or the local address bus. The block se lect 
signal controls the bus routing and the 
local prncessor disable logic. The latter 
forces the local processor to stop and re­
lease th e data bus. The local add1·ess decoder 
al lows the local processor· to access other 
devices in addition to the local 4 K memory 
block. It is significant that the hardware 
complication is smal l, assuming we can 
accomplish the loca l processor disable 
function as simply as figure 2 imp lies . 

Adding the local processor transforms 
the 4 K memo1·y block into a microcom­
puter. While it has no 10, it can execute 
in-block programs operating on in-block 
data. Since the central processor can stil I 
read and write the memory, it can hand le 
the necessary 10, and even load the prngram 
fo1· the local processor to execute. 

We now have a multiprocessor system 
whe1·e the central processo r· and the local 
prncessor share th e 4 K block of memory. 
The central processor can load the local 
proce soi· program and data into the block 
and go about its business whi le the local 
processor processes the data . When the 
local processor· is finished, the central 
processor can read the 1·esults out of the 
block. Proper division of labor between the 
two processo1·s can produce an extremely 
effective computer system. 

The Chain of Command 

Considerable cleverness is required for 
interfac ing the two processors to avoid 
a hopelessly slow and undebuggable mess. 

Let us now esta bl ish a reasonable set of 
inte rface requirements. 

·1. 	 Local processor operation shou ld 
be transparent to the central proc­
essor. This means the centra l proc ­
essor shou ld be ab le to read and 
write the intelligent memory block 
as if it were an ordinary dumb mem ­
my block . Thus the central processor 
software need not take special notice 
of the intelligent memory block . 

2. 	 The local processor should, by default, 
have control of the local address and 
data buses when the central processor 
is working elsewhe1·e in its address 
space. 

3. 	Memory access confl icts should be 
resolved in favor of the central proc­
essor by stopping the local processor 
and award ing the local address and 
data buses to the central processor. 
The central processor can then com­
plete its memory access without 
delay. (This assignment is arbitrary 
since we could have just as easily 
given memo1·y access priority to the 
loca l processor.) Care must be taken 
when generating such conflicts to 
avoid excessive delay of either 
processor. 

4. Both processors, in general, shou ld run 
at ful l speed . 

5. 	Minimum computing time should be 
lost when conflicts occur. 

Interfacing Processors 

Ordinarily the local processor has control 
of the local address and data buses . When 
both processors attempt to access the block 
simultaneously, one processor (in this case 
the local processor) must be stopped imme­
diately and made to release the buses to the 
other processor. Th is procedure is rem1n 1­
scent of DMA (direct memory access) 
operation. 

Timing Is Everything 

The timing of microprocessor operation is 
control led by the system clock. We now in­
vestigate this area in the hope of finding 
a resolution for memory access conflicts. 
Th e Motorola MC 6800 and the MOS 
Technology MCS 6502 microprocessors 
use a 2 phase nonoverlapping clock sig­
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lp.S ~to~ 5p.S •i 

~---------~lr-----~L,,.,, ,, ""'""°"" 
04 453 11 Figure 3: Typical pro­

cessor clock timing 
requirements of a 6502 or ---· - -:5-- -:5--· --?:-0_l_.t.__?:_O_J _ ______ MA x RISE TIME 25 ns 
6800 processor, abstracted 

1. .1 from the specifications
0.47:5t2:54.5 documents. 

nal to synchronize all data transfers. Fig­ accomplish this during write operations we 
ure 3 illustrates the specifications for 6800 need another solution. 
and 6502 clock pulses (see references 2 Notice in figure 3 that cf>1 has 4.5 µs 
thru 4 ). as an upper limit on its duration. No law 

Basically , the microprocessor uses <l>1 to requires all ct>1s to be the same length. 
set up the address and RW lines, and <l>2 to We can hold the local processor in <I>1 for up 
transfe r data to or from the specified ad­ to 4.5 µs if we choose. Thus, we can resolve 
dress. In a memory read operation the our conflicts with "clock stretching" (see 
microprocessor puts the address on the ad­ references 4 and 5). We can hold the local 
dress bus during <1>1 and it remains there processor in <1>1 and take it off the buses 
throughout <l>2 . During <Ii2 the memory until the central processor is finished. access­
responds by putting eight bits on the data ing the block. At that point we allow the 
bus. The data is latched into the micro­ local processo r to go on into 4>2 and con­
processor at the fall of <l>2. For memory tinue its operation . This is particularly nice 
write operations th e address is set up during since conflicts also go away during <I>1 when 
4>1 as before, but this time the microproc­ the central processor addresses a location 
essor puts eight bits on the data bus during outside the local block . As soon as the 
4>2. The byte is latched into memory at conflict term inates we can put the local 
the fall of ct>2. processor back on the buses and let its 

Both operations may be summarized clock continue in phase with the central 
as follows. First , the microprocessor up­ processor clock . This operation is dia­
dates the address lines about 200 to 300 ns grammed in figure 4 for a conflict lasting 
into <P1 and the address is stable through­ two clock cycles . 
out cf>2. Secondly, the memory has the Notice that we have achieved our stated 
rest of ct>1 and al I of cf>2 to decode the goals. 
address and the RW line and either put a 1. In operation, the central processor 
byte on the data bus or prepare to accep t is unaware of the existence of the 
a byte which the microprocessor puts on local processor. 
the bus at the beginning of cJ>2 . Fina lly, 2. The loca l processor proceeds unmo­
the actual data transfer occurs at the fall of lested when the central processor 
<l>2 when the byte on the da ta bus is latched is working elsewhere in memory. 
into the microprocessor or the memory . 3. The central processor never has to 

wait for access to memory. 
Marking Time with a Rubber Ruler 4. Except during conflicts, both proces­

Getting back to the problem of establish­
ing an interface between the central proc­
essor and the local processor, suppose we 
run both clocks in synchronization. Notice 

sors run at full speed. 
5. The local processor has to wait only 

while the central processor is actually 
using the local buses. 

that conflicts will appear during cf>1 when 
the central processor sends out an address Putting It All Together 

inside the local block (BS == 1). At this Referring back to figure 2, we see that 
point the local processor must be stopped when the four high order address bits 
immediately. Since the READY line cannot select the local block, the local processor 
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Figure 4. Resolving a 
conflict by the method of 
c!oc!~ stretching. In a 2 
processor system built 
with the 6502 or 6800, 
lack of a memory wait 
facility requires substitu­
tion of a clock stretching 
method of direct memory 
access. Here during the 
asserted state of the BS 
(block select) signal, the 
local processor (L) has its 
clock stretched while 
memory is accessed by the 
central processor (C). 

CENTRAL 
CLOCK 

BS 

LOCAL 
CLOCK 

</> L
2 

0 CO NF LICT OCC U RS 

@CONFLIC T RESO LVED IN FAVOR OF 

@ CONFLICT TERM I NATED 

0 LPU COMPLE TES EXTENDED CYCLE 

disab le logic freezes the local processor in 
<P1 . The multiplexers route the central 
address bus to the memory wh ile three 
state bus transceivCl's mute the central 
data bus. The DBE inpu t makes the data 
bus float during the stretched <I:i 1. [Whil e 
the 6800 also has a TSC (t hree state control) 
input which makes it release the address 
bus, th is input acts too slowly (700 ns) 
for ou r purposes.] Anyway, only a few 
gates are required to generate control 
signals, and the interface is established 
at little increase in total cost. 

Exerting Some Control 

Something has to start the LPU and 
attend to its hardware control functions . 
A sense of universal justice suggests we 
should put the central processor in control 
since it already has its own 10 and startup 
capabi lity. In figure 2 the control register 
is an 8 bit latch which allows the central 
processor to supply hardware control 
signals to the local processor. The central 
processor can address the control register 
as the highest byte in the block . When 
the central processor writes the high byte 
of th e local memory block it sim ul taneously 
sets up the control register. The local proces­
sor can modify th is byte of local memo1-y 
bu t not the control 1·egister . Either processor 
can, of cou1·se, read the byte but neither 
can read the co ntrol register itself. 

The control register al lows the central 
processor to RESET, HALT and INTER­
RUPT the local processor at wil l. The 
RESET function is useful for initiating 

CPU 

program execution after the local processor 
program is loaded. Com ing out of RESET , 
the I ocal processor vectors to a starting 
add 1·ess stored at the top of its address 
space (see references 3 and 4). The NMI 
and IRQ interrupt li nes of the local proc­
essor can also be commanded by the central 
processor through th is control word. 

Communicating and Cooperating 

We must now estab I ish a protocol for 
communication between central processor 
software and loca l processo1· softwa1·e. 
Suppose we wish the local processor to 
handle mathematical jobs (such as float ing 
point arithmetic, transcendental functions, 
etc) or perhaps to update in real time 
spacecraft position during a complex Star 
Trek game. Some planning is required to 
establish an effective division of labor 
between the microprocessors. 

As an example, assume the prog1·ammer 
al locates the local memo1·y block as shown 
in figui-e 5. The block is viewed as a con­
tiguous region of 4096 bytes with the top 
byte dedicated to the central processor's 
local processor contro l word as described. 
The central processor must load the program 
initially and start the local processor by 
bringing it out of RESET through the local 
processo r control word. Then the local 
processor might execute a loop checking 
specified locations al located to requests 
looking for pre-established processing re­
quest codes from the central processor. 
When the central processor wants a process­
ing task done it stores the data in the input 
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Figure 5: Memory a/locations within a 
shared memory block must be understood 
the same way by software of both the cen­
tral processor and the local processor. 
Here we show a schematic representation 
of a workable allocation scheme for use 
of the local processor to perform subrou­
tines while the central processor goes about 
other business. The only position which Is 
fixed in the hardware of the design in 
figure 2 is use of hexadecimal location 
nFFF in the 4 K block as a command word. 

data area, stores a task request code at 
the r·equest location, and goes about its 
business. The local processor soon detects 
the request and begins program execution 
to accomplish the task. Periodically the 
central processor checks the words allocated 
to status in the local memory block to see 
if the task has been completed . When the 
local processor finishes the task it stores a 
comp le tion code in a status byte. On its 
next status check the central processor 
discovers that the task is complete and it 
can use the output data now available in 
the output region of the local memory 
block. 

In this context the intelligent memory 
block looks like a self-executing subroutine. 
The central processor and local processor 
programs must, of course, agree upon all 
request and status codes and upon the 
locatio ns of all variables used in communi­
cation. Care must also be taken to ensure 
that any central processor access to the 
local memory does not modify data crucial 
to the computational tasks of the local 
processor during its ac tive execution of a 
task. Other approaches to the communica­
tion problem also could be used. For 
example, the local processor with appro­
priate hardware could generate a central 
processor interrupt each time it completes 
a task. This would relieve the central proc­
essor of periodic checks for task completion . 

The Danger of Overstretching 

The upper limits on cI>1 and c1>2 duration 
quoted in figure 3 exist because the 6800 
and 6502 microprocessors are dynamic 
devices. If the internal registers are not 
refreshed often enough they forget their 
data and program execution goes haywire. 
Thus it is relevant to ask if we are in danger 
of stretching c,1)1 to the breaking point. 
First, it is necessary for the central proc­
essor program, stack and zero page to be 
located outside the local block. If a central 
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Local Block 
Low Address 

STACK 

VARIABLES 

processor program executes out of the local 
memory block, the local processor will 
be locked out much longer than the maxi­
mum time limit . If the stack of the central 
processor is in the local memory block, 
several operations, such as interrupt service 
and return from interrupt take too long. 
The zero page, since it is frequently refer­
enced in many programs as a scratch data 
area, is similarly not a very good choice. 
Observing these conditions, a 6800 central 
processor would never address the local 
block for more than two consecutive clock 
cycles with the VMA (valid memory ad­
dress) output high. Thus at 1 MHz opera­
tion, <P1 would never be stretched beyond 
2.5 µs . · 

The 6502 has no VMA output and, 
in the worst case (shift instructions address­
ing data in an absolute X indexed mode), 
would access th e local block for four con­
secutive clock cycles (see reference 3). At 
1 MHz clock operation this stretches <1>1 
to the legal limit of 4.5 µs. We can circum­
vent this possibly marginal situation with 
one of the 6502A parts which can run at 
speeds up to 2 MHz. 

Another Way 

For 6800 and 6502 microprocessors 
there is an alternative memory sharing 
technique which does not involve clock 
stretching and results in maximum speed 
for both processors . This technique is 
known as clock multiplexing. The ce ntral 
and local processor clocks are run in oppo­
site phase . While the central processor is 
in <1>1 the local processor is in <1>2 and vice 
versa. Two input multiplexers and data 
transceivers switch the address and data 
buses from central processor to local proc­
essor and back every clock cycle . This way 
the memory is always connected to which­
ever processor is in <P2 at the moment. 
Since data transfers only take place in <1>2 
this is adequate. 
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Clock multiplexing gives both processors 
unlimited access to the memory. The only 
penalty is that faster memory is required 
for the same clock frequency. Si nee the 
memory sees the address only for one cJ>2 
period it has less time to prepare for a 
data transfer. 

Note that the clock sharing technique 

Hierarchy Diagram of Multiprocessor System 
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Five Processor Central Processor Memory Address Space Map 

Central Processor 
Hexadecimal 

Address Range Contents 

0000-00FF 

0100-7FFF 

8000-SFFF 

9000-9FFF 

AOOO-AFFF 

8000-BFFF 

COOO-FFFF 

Page 0 scratch area 

Central processor main memory area which is not shared 
with local processors. This area contains central processor 
programs and stack. 

4 K byte local processor 0 memory overlap region. 
Address BF FF is local processor 0 control word . 

4 K byte local processor 1 memory overlap region . 
Address 9FFF is local processor 1 control word. 

4 K byte local processor 2 mem ory overlap region . 
Address AF FF is local processor 2 control word. 

4 K byte local processor 3 memory overlap region. 
Address BFFF is local processor 3 control word . 

Spare address space tor more local processors and read 
only memory . Interrupt and reset vectors for central 
processor at locat ions FF F8-F FF F. 

Figure 6: A multiprocessor system involving more than one intelligent mem­
ory block is conceivable. If each intefl!gent memory block shares a different 
address space segment with the central processor, and all the Intelligent 
memory blocks (local processors) use an inverted version of the central 
processor's clock, then there can never be any hardware conflict between 
operation of the multiple processors. Software considerations as In figure 5 
are required to establish consistent communication. 
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can be used to implement multiple processor 
systems with more than two processors. 
This is possible if we dedicate one phase 
of the clock to the central processor, and 
dedicate an exclusive memory address space 
region (and the second clock phase) to each 
local processor. Figure 6 shows a hierarchy 
diagram of a 5 processor system along 
with an add ress space allocation diagram 
for the central processor. All four local 
processors use the <1>2 clock of the central 
processor as their <I>1 clock; since the central 
processor can never address more th an one 
local processor's local memory block at a 
time, there is never any conflict between 
local processors. 

Getting Fancy 

Th e intelligent memory block is a bona 
fide microcomputer in its own right. The 
local processor, with its vast unused address 
space, is capable of much more than playing 
butler to the central processor. For example, 
the local processor could do some ex ternal 
interface job like refreshing a video display 
or running a multichannel analog 10 
interface . 

Now that we have shed the "o ne com­
puter-one processor" myth, our horizons 
have broadened indeed. A 16 K byte micro­
computer might just as well have one dumb 
and three intelligent 4 K blocks as four 
dumb blocks. What started as an inexpensive 
way to augment a memory block has landed 
us knee-deep in exotic computer architec­
ture. Each local processor could even have 
several sub-local processors working for 
it in a 3 level architecture, and of course, 
the possibilities do not end there. At $20 
per microprocessor chip, a small computing 
budget could support a lot of advanced 
arc hi tecture in the family microcomputer. 
In response to the question "why an intelli­
gent memory block?" one might respond 
"for twenty bucks, why not?" • 
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"LSI-1 1 vs, 8080 & 6800: 

is the H 11 worth 

twice as much?" 


This special report will be sent 
free to all subscribers to 

BUSS 

the independent a!jwsletter for 
users of Heathkit R computers. 
For the next 12 issues send 
$6.60 to: 

Charles Floto 
267 Willow St. 'B' 
New Haven , CT 06511 
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UPGRADE YOUR MOTOROLA 

EVALUATION KIT 


' BK S!otic RAM 
2 - 4K wnte protected blocks 

500 nsec. version - $32.4.95 

' Backplane and Card Cage 
• !3N and i 12 volt regulators and daisy 
chain connector 5 slots - $12.4.95 

10 slots - $1.W.95 
Connec!OIS (Installed)· 5.50 

' Unregulated Power Supply • $12.4.95 

Industrial quality, Motorola EXORcisor · 
compatible hord\Yore by 

American 

Technologies 


P.O. Bo• 23001 
flochestet. N.Y. 14692 

7i(>.:UU070 
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DATA ACQUISITION 
SYSTEM ON A CHIP 

National semiconductor's 

ADC0816 contains an 8 bit 

A/D converter with latched 

tristate outputs, 16 channel 


multiplexer with latched address 

inputs, and a 256 resistor ladder 


on chip. Conversion time is 

50 microseconds, absolute 


accuracy is ± X. LSB. 

Single 5 V supply, TTL and 

microprocessor compatible. 

$26.00 ea., pp. Data $ .50 


Send check or money order to : 

YESTRON/CS 
P.O. Box 1892 
South Hackensack 
New Jersey 07606 

New Je rsey residen ts add 5% sales tax . 
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Datapoint CRT Terminals 

•m 
Fully-Assembled - Guaranteed 

#3360 $649.50 
• Ada $1 S packing_ ft furbl 11 hed 
• Sh~ppcd FOB WBShrng1on. 0 C rcrms chock. M.O. 
or charge 
• 90-ctay guaranico •Scrolling nr•Jon 51595.00 
Model 3360 speeds lrom 300-4800 Baud. numeric 
keypact, curw controls, E1111. BIOC:k·Trnnsmll. search 
modes. ASCII t<eybo11rc:J w11n cod!lablo opllons 
Green pnosphor. 24 80 ch lines 3ddrcuabto cu1sor . 
RS-232C serial 1n1orlac:c: other Specels available. 
Manual $10, cable kit $9 95 Oa1a~haro/IBM·2260 
compaubre v0tsi0n S 1.100 00 • Modol 3000 S825 00. 
M-33 ASR Tele!ype S895. KSR $725. All M-28, 35 
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QUANTITY DISCOUNTS AVAILABLE Leo•lng. ser ­
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OWENS ASSOCIATES. DEPT. B 

147 NORWOOD AVENU~ 


STATEN ISLAND, N .Y. 10304 

Day, evening and woekend calls wclcome1 

{2121448·6283 12121448-6298 ' 
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Digital Group 
System owners-now you have MC /OS . 
The most sophisticated and advanced 
Z-80 operating system for both disk or 
PHI -Decks. MC/OS' approach to file 
management rivals those fou nd in large 
computer installations. MC/OS allows 
user programs full file access , tremen · 
dously enhancing your systems' capa ­
bility. 

The following is a partial list of programs 
available from us that run with MC/OS. 

Basic Compilers - Two of them I 
FORTRAN IV Super Compiler 
Relocating Macro Assembler 
Powerful Word Processor 
BASIC Language Course 

You owe it to yourself to find out . Send 
for complete catalog nowl 

P.O. Box 4069 Pompano Beach, Fla. 33063 
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+t- • Magnetic Tapes & Oisks -!4­
-t+- • Full Llno of Magezinos ~*"" •Broln Gamos & Puzzles -14­
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:::=. Visl1 THE COMPUTER CORNER for =:: 
~ atl you' computer needs. Stop In and _.,... 
-+t- browse - vou'll llke our personal snrvke. -14­
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Software Development Systems 
From Space ByteSYSTEMS 

A 6800 Based System for OEMs 

Designed for the origi nal equipment 
manufacturer, the Ast ra l 2000 is avail · 
able as a stand alone single board com· 
puter or in one of two enclosures com­
plete with power supplies and 12 posi· 
tion mother boa rd . Separate cards 
contain the processor, memory, lO and 
floppy disk interface. System software 
includes an extend ed 8 K BASIC, assem­
bler , text editor and disk operating 
system. Two fro nt panels are availab le: 
one complete with register and data 
switches and hexadecimal and binary 
djsplays; and one with only power 
on , reset and interrupt switc hes for turn ­
key app lications. The full front panel 
includes two clocks for real time meas· 
urement and con trol. Memory boards 
include 8 K of programmable memory, 
8 K of read ·only memory, and a 
combination board with 8 K of each 
type o f memory. An 10 board prov ides 
four 8 bit ports, and an iCOM FD3700 
intelligent in terface can also be co n· 
nected to the computer. A monitor 
program for the computer resides In 
4 K of read only memory. Prices for the 
Astral 2000 start at $1500 from Astral 
Computer Co, 991 Commercial · St , 
Palo Alto CA 94303, (415) 494·8048. • 
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SURPLUS ELECTRONICS 

IBM SELECTRIC R 

BASED l/0 TERMINAL 
(USED) $695.00 

• Tape Drives • Cable 
• Cassette Drives • Wire 
• Power Supplies 12V1 5A, 12V25A, 
5V35A Others, • Displays 
• Cabinets • XFMRS • Heat 
Sinks • Printers • Components 
Many other items 
Write for free catalog 
WORLDWIDE ELECT. INC. 
10 FLAGSTONE DRIVE 
HUDSON, N.H. 03051 
Phone orders accepted using VISA 
or MC. Toll Free 1·800-258-1036 
In N.H. 603-885-3705 

Circle '132ci'!' inquiry card. 

A Little Bit of Micro Power 

Little Bit is a single card micro ­
computer hav ing performance character­
istics optim ized for the req uirements of 
bottom end app lications where hardware 
simplicity, case of applica tion , and low 
cost arc primary considerations. Com­
plete software, firmware, training and 
programming services · arc available. 
Programs for assisting in software 
development for Little Bit and the F8 
microcomputer system are avai lab le 
nationa ll y through a computer time 
sharing service. Little Bit cards cost 
$125 eac h in quantities of 100, from 
Environmental Technology Inc, 282 1 
West Samp le, South Bend IN 46619, 
(2 19) 233-1202. • 
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..~............................... , 

TYSON'S CORNEA. VIRGINIA 
(WASHINGTON. D.C. AREA ) 

THE 

COMPUTER SYSTEMS 

STORE 


"Specializing in Systems" 

FEATURING: 

P1oc:osso1 Te<:.hnotogy LC<tt S•eQte1 

Poty M0tph1c OEC 

01a~IO SWTPC 

E & L SCols 

Vec!Of Graphics D91a1 Guk.JP 

App~ TOL 
CROMEMCO Q()()fir.5 - "-{aya:mcs 

COMPUTERS FOR HOME. SCHOOL 6 SMALL BUSINESS 
Our s1at1 ""'11 nolp you saScc I l10m t!ic 00~1 of cactl man~ac· 

10101 10 comptc10 !he 5'f5~m best srnlC?O to your needs 

~SPECIAL: LEAR·SIEGLER AOM 3A 

~ comFUTEf\ 5'i'5Tems STOf\E 

1984 CHAIN BRIDGE ROAD. McLEAN, VA 22 101 
TELEPHONE (7031821-8333 

OPfNING SOON 

Ai.EXA.NORIA..VA • NQRrDLK.VA • BAlfltMJAl:.MO • OnlAfllOO FLA. 
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The Space Byte Corporation has 
announced their li ne of software deve­
lopmen t systems featuring the Space 
Byte 8085 processor a nd 2708/2716 
EROM programmer, Hazeltine 1500 
video display, iCOM 3712 dual floppy 
disk drive system and 32 K bytes of 
static memory. System software includes 
iCOM FOOS 11 1 operating system an d 
8080, 8085, Z-80 relocatable macro 
assembler, utility programs and disk 
extended BASIC. Also available Is 
CP/M, FORTRAN-SO and the Space 
Byte 3870/F8 cross assembler . Contact 
the Space Byte Systems Group, 1 720 
Pontius Av, Suite 201, Los Angeles 
CA 90025, (213) 468·8080 .• 

C1rda 645 on mquirv carU . 

COMPLETE MICRO 
BUSINESS SYSTEMS 

SOROC IQ 120 
Assembled 

LEAR SIEGLER 
ADM-3A kit 

IMSAI 8080 kit 

$ 899 .95 

$ 799.95 

$ 599.95 

CENTRONICS Business $1145.00 
Printer ( 132 columns) 

l•IM?J#I 
DISC/3 COMPANY 
1840 LINCOLN BLVD. 

SANTA MONICA, CALIF. 90404 
(213) 451-8911 
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CANADIANS! 

Introducing our kit-by-the-month 
plan avallable for only $500.00 down 
and $150.00 per month. 

tWtite for more in /ormallon) 

IMSAI 8080 KIT: $897.50 
ASSM: $1245.20 

Canadian Duty and Federal Ta1 lncludod 

Hobby systems from $999.00 (Kit). 
Business/engineering systems from 

$11 ,900.00. 

(Assembled and Installed•). 


Educational discounts available. We 

will develop custom application pack­
ages. Contact us for further informa­
tion . Send $1 .50 for catalogue. 
VISA • CHARGEX ACCEPTEO ....::::: ~ 

Rotundra ii .l9' 
Cybernetics ... 

Box 1448, Calgary, Alta. T2P 2H9 
Phone (403) 283-8076 

flnsla'1Bl1on oulside Western Canada extra). 
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BUSINESS PROGRAMS FORSWTPC 
-· ·· ...• . S100 

~:,•,~:.~!:~~:.~~ ,1~11~;~,c~~ ·:r.,~~ 
~ft(! WllfO •••• StDO 

PaytqU-' , .. S400 
lnHnlo~· .. MOO 
Ullllty PKkag• ~ HeJ lDiJde1 Mt1i.btJ9 · lor 

m.n1HKJdurn() w1 lh'flNICOSJ •••• , • • , , , • , , , , •.• S 10 

Slngl• Slep D1buff lng Pr~r•m• 1w11h 
mnemorrn:;s r~1sl1P.r drsptay. anel use!' se· 
letU•bloAAMd1sgray RC"QUllOSMP-TJ . ...... s 29 
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AAA Chicago Computer Center 
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" " 01191~1 purWst1 l\al qwahlid ~Ji il/Tit UPQU(C QWIJU1et 

Circle 1 on Inquiry card. 

COMPUTER 

PRINTER KEYBOARD 
 It 

TERMINAL 

S160- $270 

~~..:!~~TU:="· 

FULL STANDARD KEYBOARD 

550 CHAR./MIN . UP TO 150 CHAR./LINE 


Complete in1trucllon• I chcult dl1grema 
lncludod lor ASCII Mlcroproceo oor and TTY 
ln l1rlac1. 

ln1•rt1ite comOQMnt• .,. •l•ndwd: UART' Pt=IOM. IC., mtc. 
co:tl 9ib0Ut SM, can be oot..ned rrom many •uppf l.ra (NOT 
!nc:fudtd wl tl'I llbiov9 lttnnlfl&ll 

rM,,,, ;n•I• . ,.. uHd', hom ~•lnp compulM .1r•'tm• 

R1turbl1hod and Chackod Out Belo,. Shlppod 
Only $3 leh In • toet , • ub}ecf to prior M l• 

FOR DETA ILS WRITE 

l. E. LABORATORIES 

2689 LIMEKILN PIKE OLENSIOE, PA. 1111138 · 


,Circle 61 on in(luiry card. 

~~v~ li t () l lit/v 

illI SALE P8Jf;.fi 

IMSAI 8080 W/21 SLOTS $751 $649 
POL YMORPHICS SYSTEM 2 $135 $675 
SHUGGAR T MODEL 800 $650 $595 

SIMILAR OISCOUNTS ON: 
IMSAI 4K. 16K, 32K RAM. M IO ere. 
POL YMORPHICS VIDEO 
OYNABYTE 16K (ACM! RAM 
MICROOESIGN 270812716 EPROM BOARD 
OUANTRONICS BK IASMI RAM 
1µ5 BK (ASMJ RAM 
PROCESSOR APPL/CATIONS OMA FLOPPY 

DISC CONTROL LER IASMI 
TARBELL FLOPPY DISC CONTROLLER 
TARBELL CASSETTE INTERFACE 
SHUGGART MODEL B50 TWO SIDED FLOPPY 

DISC DRIVE 
ALL SWTP PRODUCTS 
APPLE II 
MODEL 43 TELEPRINTER IDCTOBERI 
ADM 3A TERMINAL 
SDROC 10120 TERMINAL 
REPAIRS IN·HDUSE AT LOW COST 
CUSTOM SOFTWARE & FIRMWARE

' In Santa BilrbarD.. CA Qponing Soon In 
c.,11 18051 968·0302 S.'ln ll1 Ano , CA 

Ti-IE crn;1PLITER ST[]P 
16919A Hawthorne Blvd 11 ·3010 7:30 Tuc·F11 
Lawndale CA 90260 11 10G Soi 
(213) 371-4010 Closed Sunday/Monday 

Circle 122 on Inquiry card. 

INDUSTRIA L QUALITY 
MICROPROCE SSOR CARO t<ITS 
All •SV only , ud 4 .5 1' 6 .5, 22/44 edgi: conn 

• 4 KRAM $79.95 • 2 K PROM S 79.95 
• Motherboard $39.95 • 4 K PAOM S129.95 
• Ol1U C.gtt $20,00 • Olgj111 110 S 59_95 
• l(~bOJ1Ctf011ptav $89.9& • C1me11n lntl!doce S 37 .95 
• A\10i1 lahle umed and 1n OEM atv, . 

MICROCOMPUTER SYSTEMS 
• 6800 Pro10 1vP1ng Boiud Sumer Set $ 84.9~ 
• l(it i:i . 6800 Studen t Computu S12S.00 
• Kh i:i. Ma1 orol Educator II $169.50 
• t<11 ~. 6800 l l'\duUo31C411J S11 1 $210.00 
• l<:h #4. Homcbrew ComPtJldf Cotd Sin $320.00 

KIM EXPANS ION SYSTEMS 
e K IM ln1er fKe Adapter $24 .95 
• K IM Kompuuir Enc10,u1e S80.00 

• BARE BOARDS. ENCLOSUAES. t:IAMWARE. 
ETC. SEND $3.70 FOR TECHN ICAL MANUAL 
0N i=OAMAT ION ON ALL ABOVEJ 

'/ 

'::~Sum Spur 
Elecllonic Commumcal1ons Co 

• VISA 
P. O. Box 365, Chino. CA 91710 • MH1erc.ho1ge 
ur V11i t Re1111 I S 1ore • C.li l RM1denii Add 
13552 Centra l Avenul! 6% Sales Ta" 

Circle 104 on inquiry card. 

SERVICE!!! 
TIRED OF WAITING 2 MONTllS? 

National 
Digital 

Diagnostics... cAN 11£ LP!11 

Yo11r ~quipmt!nl Is ordinarily on Its way 
homt within J day.1 of Ill o..rria1ol. 

SPECIALISTS IN SERVICING OF: 

All S.100 Bui Micro Processon & Peri· 
pherals. TTL Circuib. "Home B' ew 
Projects" . other Micro Process.on. 

· En imates Given Before Work is Done 
- Equipment Returned C.0 .0 . 

WHEN SENDING EQUIPMENT: 
• Shtp vi.a UPS ln.w1ed, 
• lnd ude haldw•• dcxvtntnu1iort & Set.. 


m1tics, ii 1vallabl•, 

• lndude fl11 ••UI dlttn0tlic fM of $10 In dtKk 
o' money onflr, CWlll bl eppll.cf tQllnn oost 
of env t1pe.lt wortc done.) 

FC•R MDRe INFORMATION CALL: 
N f .C. 12121929-1694 

NATIONAL OIGITAL OIAGNOSTIC 
P.O. BOX 728 · NEW YORK. N.V. 10011 

Circle 79 on Inquiry card. 
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i.i 
32K-MEMORY CARD-$410 
S-100 STATIC KIT 
270BE- PROM-$14 
270B PROGRAMMED- $20 
WITH BOBO SYSTEMS MONITOR 
BO MAJOR COMPUTER PRODUCT LINES 
AND AN EXHAUST IVE LINE OF 
ELECTRONIC COMPONENTS 
COMPUTERS 
HARDWARE AND SOFTWARE 
CUSTOM HARDWARE AND SOFTWARE 
RESEARCH AND DEVELOPMENT 
P. O. BOX 1239 
TWENTYN INE PALMS . CA . 92277 
714-3B7-6996 
FRE E BAS IC PROGRAM AND CATALOG 

'A LEX IS COMING' 

Circle 12 on inquiry card. 

THE 
C[]l':lPUTER 

l·~H::Ul\lflRERR
STlJRE '~C. 

Dealers for : 

APP LE I I, IMSAI 


VECTOR GRAPHIC, KIM-1 

TECHN ICO, OAE 


CYBERNEX. JIM-PAK 

TERMINALS, PRINTERS 


BUSINESS SYSTEMS, BOOKS 

SO FTWARE AND MUCH MORE 


\I CATALOGUE AVAILABLE II 
818 Franklin Streel 9 West Cary Street 
Alexandria, Virginia Richmond. Virginia 
(703) 548-8085 1804) 780-0348 

' U• 

170 MAIN STREET 
NASHUA (603) 883-2386 

Circle 28 on inquiry card. 

Circle 27 on inquiry card. 

COMPUTER MART 
OF 

NEW HAMPSHIRE 

DEALERS FOR: 

•k)1 ~ [li~~ 

~~ 
~~ll 
~ 

http:eppll.cf
http:Process.on
http:P8Jf;.fi
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Tl 's First Personal Computer? 

W~at's NewP 

Furniture Designed to Hold Computer 
Equipment 

These desks are specially made to 
support video displays, termi nals, word 
processing stations and similar equip­
ment. Options such as cutouts for cables, 
cab le channels to e limin ate loose cords, 
pedestals and storage compartments 
arc avai lable. Standard sizes range from 
36 inches to 60 inches wide in a variety 
of colors, from Electronic Systems 
Furniture Co, 1215 E El Segundo Blvd, 
El Segundo CA 90245, (213) 
322-4612 .• 

Circle 637 on llH}UllY C<l rd . 

Fuel Your Appetite for a 16 Bit System 

An 8 page brochure describes the 
Alpha Micro system, a powerful Altair 
(S-100) bus. compatible package with a 
timeshared operating system including 
utilities, a multiuser structured file 
system with pass~ord security, disk file 
management for floppy or hard disks, 
AlphaBASIC extended compi ler and 
reentrant run time software, free form 
text editor and formatter, multiple pass 
macroassembler and 16 bit micro­
processor with hardware floating point 
capabilities. The microprocessor is built 
from the Western Digital WD-16 chip set , 
also used in the LSl-11. The brochu re is 
avail able from MicroAge, 803 N Scotts­
dale Rd, Tempe AZ 85281. • 

Cu clo 642 on nlQuuy card. 

Low Cos1 Logi c Probe 

This low cost probe fea tures light 
emitti ng diodes which ind icate high and 
low logic states and pu lses for either 
TTL or CMOS logic fami lies . Separate 
dual window comparaiors dri ve the high 
and low L Ds. The pulse detectio n cir· 
cui1 ca tches pulses as shorl as 300 ns 
with a posit ive or negative going lead in g 
edge . Individual pulses cause· the LED to 
blink for a ten1h of a second, wh ile a 
pulse train flashes it continuously. The 
probe obtains power from the system 
under lc~t through a standard phono 
jack power connector, with a mating 
c, blc ending in , lligator cli ps. The probe 
input impedance is over 300 K ohms. 
The LP·2 logic probe is $24.95 from Con­
tinen1 al Specialties Corp, 44 Kendall St, 
New Haven CT 06509, (203} 624-3103. • 

Cuch.' 638 011 1nquuv caHI 

New Test Equipment and 
Hobby Catalog 

This 32 page catalog featu res a com· 
plele line of electron ic kits and factory 
assemb led instruments, burglar and fire 
alarm systems, citize ns ' band accessories 
and hobby ist kits. New test instruments 
include a portable digital multimeter, 
and function generato r, a portable color 
ge nerator, a digital freque ncy counter, 
two new oscilloscopes, a self service 
tube teste r and a d igita l power supply. 
New hobbyist products include an 
ignition and engine analy zer and an 
alpha brainwave monitor. The catalog 
is ava ilable from EICO Inc, 108 New 
South Rd, Hicksville NY 1 1801, (516) 
681 -9300 . • 

Cude 64 1 on 111quov c;ird . 

End Stackable Sockets 

T hese lo w cos1 sockets ca n be stacked 
end 10 end to build a contin uous strip 
socket. The CS2 line is al,'.aiiable in all 
sizes rrom 8 ro 40 pins, from Circuit 
Assembly Corp, 3169 Redhill Av, Costa 
Mesa CA 92626, (71 4 ) 540-5490. • 

Cucle 640 on mquiry cru d . 

Billed as a " personal computer/ 
calculator," tile SR 60A is said to 
form the heart of a versatile business 
system that provides the power of a 
computer with the simplicity of use 
and low cost of a calculator. The 
SR 60A uses a microprocessor to con­
trol an optional letter quality typewriter 
and up to two digital cassette drives with 
file management capability . Seri al com­
munications capa bility also is available. 
The SR 60A is capable of handling 
business problems such as inventory, 
payroll , general ledger, accounts receiv· 
able and others. Over 250 programs are 
ava il able for the machlne. Under pro­
gram control, a small alph an umeric 
display prompts the user for inputs 
and performs the calculations, while 
a 20 character alphan umeric printer 
can be used to record resu I ts. The 
basic machine provides up to 2640 
program steps or 330 data registers, 
expandable to 7920 program steps 
or 990 data registers. Prices for the 
SR 60A start at $1995 from Texas 
Instruments Inc , Inquiry Answering 
Service, POB 53 (Attn: SR 60A), 
Lubbock TX 79408.• 

Attention Readers, and 
Vendors.. . 

Where•Do New ·Product Items 
Come From? 

The Information printed In the 
new products pages of BYTE is 
obtained from "new product" or 
''press release" copy sent by the 
promoters of new products. If In 
our judgment the neat new whiz­
bong glzmo or save the world 
software package is of Interest 

· 	to the personal computing experi­
menters and ~omebrewers who 
read BYTE, we print the lnforma­
tidn in som·e form. We openly 
solicft such Information from 
manufacturers and suppliers to 
this marketplace. The Information 
is printed more or less as a first in 
first out queue, subject to oc­
casional priority modifications. 
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Circle 6 on inquiry card. 

~ 4K R·AM BOARD 

Assembled and tested. $89.95 

See kit below. 

4K RAM BOARD KIT 
450ns Access RAMs 
Fully Buffered 
Low Power $79.95 
Static 
SV only 
4% x 6 inch board 

Buy 4 RAM Board kits at 
$79.95 each and an 8 slot 
Mother Board is yours 

Includes 8 connectors and card guides . FREE. 

MOTHER BOARD 

8 SLOT 44 PIN BUS 

50 Pin Edge Connector 

Mother Board $20.00 ea 
Connectors 2.50 ea 
Card guides for above $10.00 per set. 

KIM INTERFACE 


Board plugs into Kim expansion connector 
Conr:iector for our Mother Board 
Full memory decoding 
Write protect for (4) 4K bytes 
Address and data Bus buffers 

2102 - $1.20 Multiples of 25 only. 
Low power, 450 n.s. Access and cycle. 

SK EPROM BOARD 
5 Volt only For our bus 

MAKE CHECK OR MONEY ORDER PAYABLE TO : 

Kathryn Atwood Enterprises 
P.O. Box 5203, Orange, CA 92667 

Discounts available at OEM quantit ies. For orders less than 
$25.00 total. add $1.25 for shipp ing. California residents 
add 6% sales tax . Estimated shipping time 2 days ARO with 
money order . For checks allows 7 days for check to clear. 

Electrolabs 415-321-5601 


POB 6721, Stanford, CA 94305 

ESAT·100A: REVISED DESIGN! For Teletype, SC/MP, Jolt, 
Kim, SBCBO, COSMAC. Electrolabs Stand Alone Terminal. Com· 
pletely assembled, burned in and rested. Very reliable. $239.00 

64 CHAR X 16 L XI PG o• 5X7 dol matrix ASCII, c orn mun1cat1119 w llh a 
seria l, as:ynch•onous. 11 u ~tt cod l', TTL compett1blc , J OO 10 gGoO Baud. l(cyboaro 
c ont r o l ~ a ri): BACK SPACE. FORWARD SPACE, LINE FEED , CLEAR PAGE, 
CLEAR LINE, FULL HALF DUPLEX, LOCA L/ R EMOTE, 
CURSOR ON •OFF, 000 / EVEN, NO 
PARITY. Outp u l 1s c omp v1rJco, 75 
Ohms. Ke:vboarc.1 rnqu 1u?d is parallel 
ou t 7 wut ASCII w• lt' nog..it 1vo tr ue 
s tr obes . Kevbor1rd mnv mp up 10 2 00 
MA l rom llw Onllo..ird 5V rnpply. P ow· 
01 requucct : 11 0 VAC (iU 7 w01 11s. You 
Uor1't even need a compurnr, S-l OO or 
othc,w•~e. M.1v be 11St!d wn h Modem 
lot TtrY'lct ·sh~He 1ctrn11'ill appl 1 c~1ions. 
MODEM · BrH 103 S1d . Vache C:ircl wnh 
or1gm-l1 te & a11~wcr 575.00 
DAA KIT (for above) 9,95 L.C. Oplion $39.00 

EPROMS 
2716 $39.00 
2708 450ns 11.95 
2708 650 ns 8 .95 
5"204AQ 7.95 
5203,\Q 3.95 
l 702A 3.95 
RAMS 
21L02 250ns S 1.59 
21L02·3 450ns 1.19 
F2101LIPC 450ns 1.68 
211 IAL-4 450ns 1.99 
2114· 3 JOOns 10.95 
2606·1 500ns 1.75 
CJ 107-B 60ns 1.49 
PD4 I ID 135ns 3.99 
PROMS 
82S2708 50n< 522.95 

MEMORY BOARDS 
MUt-100-8KB S139 
BK sta t ic for 5100 bus, assembled . burned in and 
fully lCSlCd. 
MEM-11 -2-IKB $679 
for PDPll.03 or Hea th ko t LS l -1 1, 24 KBy of RAM 
and 2KB v of 2708 ROM . Beau1 if ully done board. 
Oualiried th rough tes1s your CPU w ou ld f lunk. Re­
fresh CPU cont<olled. lnclµd es 270B's. 

OTHER NOTABLE ITEMS 

ZBO+XTAL 527 ,95 3002 Bit Sloce CPU 53,95 
ZBOA+XTAL 33.95 LS703 I 8 decade CTR+ 
8080A 10.95 display driver up 10 500 
25 I 3 Chat Gen 5.95 MH z w/extcrnal BCD 
AY5-101J 4.95 CT Rs $15 .95 
MM5320 4.95 

Removable Magnetic Stprage Media 
manufactured byVerbatim lnforma1ion Terminals Corp. 

MiniDiskettes 1·9 10-25 26-100 
$4.79 $4.65 $4.45 

MDS25-01 (Soft Sector) for : ln1ellogenl Svsiems, Magnavox, Microkit a nd 
Vector Graphics 

MDS25 -10 (10 Sectorl for : Digi-log, Nort h Star. Polymorphic, Tel Inc., Wang 
MD525-16 (16 Sector) for : Allair, Comtek, Micropolis, R2E, Rea list ic Con­

rrols and T e lerav R esearch Inc. 
Standard Size Diskettes 1-9 10-25 26·100 
F034- 1000 !Solt Sector. IBM Std . $5.99 $5.33 $4.79 
FD32·1000 IHard Sec tor, Inn er dia.l 
FD65·1000 {Hord Scct'lr. Outo• d•a.! 
Casse ttes 1-9 10-25 26-100 
R-300 Digital Direct $5.25 $4.99 $4.35 

SYSTEM BUY OF THE YEAR I TEALTRON IC 2500 
a 

-~ 


NOTE : In Europe 1hese fet c h 
S 19,000. One of lhcse w11 h a 
LS I· 11 woulfl IJ C m comparabla I 

includes 165cfs b1d1rectional matrix 

erJ~~e~!1f~r . ~ed~~r~.;:~dr~ ~cod 
floppy dr ives. high speed ciu StrUC· 
lUrcd from 2~00 bit slice chips to 
execule in IBM 's ACL business lan 4 

guage and containi ng 32K of m~mory. 
Rng u la1ed, p101ected cool runn 1n.9 
supplies tor .a ll o f the se hems. 

All New In Console S5775 
including 5oflwa re 
With 2 Drives S3900 

100% G UARANTEE I W e offer a money.beck gu.orenteo o n th e produc ts that 
wo sell. Full rnfur~d or rnpl aeemctnt for any u n$ati$factory products returned 
wiihln 15 days of pu t chase. O ur m agnetic media is cortlflcd 100% ctrr or•frl!!I@!, 
shipped fr esh from refr ige r ated storage. FREE CATALOG I free catalog of 
IC's, componun 1s, worrJ oroeesslng 'SuppllH, us.nful dev ices and ~uipment will 
be sent i n respon se 10 each inquiry and ord er. Call for informa1ion on Qu3ntitv 
ptlc(;s e nd ='PUC:1t1l d lscounlt.. 

ORDERS NOW BEING TAKEN FOR: THE NOT-SO-DUMB TERMINAL 80 char.X50 In. rolling full ASCII stand alone communi­
cating Z-80 based terminal. Smarter than the "Owl," includes EBCO to ASCII translator. Options for 256X256graphics. 100 lines, full editing, 
etc. Requires KDB and a reasonable monitor such as a slightly modified TV. $489.00 

Circle 42 on inquiry card. BYTE ~farch 1978 197 
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New Line of Pro totyping Boards 

PERIPHERALS 

Analog 10 for Motorola Exorcise r 

The MP7400 Analog 10 System is 
electrically and mechanically plug com ­
patib le with the Motorola Mic romodu le 
and Exorciser microcomputers. Each 
ana log system can accommodate up to 
64 single ended or 32 differential input 
channels and two output channe ls. A 
high gain instrumentation amp lifier 
handl es input levels as low as 10 mV. 
The unit interfaces to the micropro ­
cessor through a set of memory loca­
tions. In single quantities, an input o nly 
board with eigh t differential channels 
is $295, while a fu ll y loaded board with 
32 differential channels and two output 
cha nne ls is $595, from Burr-Brown 
Research Corp , In t l Airport Industrial 
Pk, POB 11400, Tucson AZ 85734, 
(602) 294-1431.• 

Ci<c lc 63 1 o n mqmry card 

Floppy Disk Em ulates Tape 

This floppy disk drive and micro­
processor based controller is designed to 
em ulate paper tape and magnetic tape. 
T he un it can be used for data co llection 
or offli ne preparation o f messages which 
can then be transmitted through the 
optional bu il t in acoustic co up ler. The 
unit will operate with any standard 
printe r or video terminal through an 
RS232 in terface. The program con ­
tro lling th e unit resides on a floppy disk 
rather than in read only me mory, so the 
system can be easily updated . The 
Digidisk with RS232 interface is $1199, 
$1299 wi th a buil t-in originate o nly 
acoustic coupler, and $1699 with a 
1200 bps Bell 202 compatible coup ler, 
from Digicom Data Products Inc, 1440 
Kno ll Circle , Suite 108, San Jose CA 
95112 , (408) 279-8711. • 

Cuclt: 634 on 1nquu y c:a rcl 

The Before Boards arc prototyping 
boa rds for the Altair (S-100) bus and 
the SWTPC (SS-50) bus, offered both 
with and witho ut a regu lated power 
supply circuit. The S-100 Before Board 
is supplied with a l 00 pin edge co n­
nec tor and can accommodate 56 14 
pin or 50 16 pin dual inl ine pack­
ages, and has an extra wide A row to 

accommodate .4 to .6 inch wide pack­
ages. It includes the power supply circuit 
and is priced at $29.95. The S-100x 
version of the board omits the power 
supp ly circuit for $28.45. The 6800 
Before Board is designed to be used witl1 
50 pin Molex connectors and is priced at 
$23 .95, whi le the 6800x version, which 
omits the power supply circuit, is 
$22.46. The boards are available from 
Multi-Tek Inc, POB 201 Union Square, 
Milford NH 03055, {603) 673-5011. • 

Circle 6 35 ori 10Q1.11rv Crl 'd 

4525 
The Programmable 
Scientist. _ _ _ 
MODEL No. 4525 - I 00 STEPS 

100 STEP LEARN MODE 
KEYBOA RD PROGRAMMING CAPABILIT Y 

• RPN Logic • Rollablc 4-levcl stack • 8·digit plus 2-d igit ex ponen t 
LED display • Scientific notation • Sine, cosine, tangent & inve rse 
trignometric functions • Common & natural logarithms & anti loga· 
rithrns • Instant automatic calculation of powers and root s • Single· 
key square roo t calculations • Single-key Pl entry • Separace storage 
memory • Square, square root and reciprocal calculations • Change 
sign & regist er exchange keys • Includes NiCad bat tcries. 

Manufactured by National Semiconductor - I Year Warranty 
A.C. Charger . . . . . . $4.95 	 Pro tec tive C;1sc . . • . . • $2.95 

Shipping and Handling - $3 .50 

---- Calllornia residents add 6% sates tax--- ­

ELECTRONICS WAREHOUSE Inc. 
1603 AVIATION BLVD. 


REDONDO BEACH, CA. 90278 

TEL (213) 376-8005 


WRITE FOR FREE CATALOG 

You are invited lo visi t our store at the above address 


3RD GENERATION 
ASC II KEY BOARD KIT 

~ - : ; ~ . ~ ~ : ; " .. - = - ... ' t ... j• 1 

-	 0 W F' j:::I T v l! I O r ' .::, - ~ ;:- t'Jf f 
~ 	~ • q 0 ~ (] M J I< l • • ·- "':" ~-
"' 	 - Z Yr. V 9'4,..4 "' - - ~i...ltr.r: 

-~ . . -.--~ . - I :• • .. 
FURTHER IMPROVEMENTS-MORE FEATU RES 
• 	 TTL Logic Circuits OPTIONS : 
• 	 Power : +5V 275mA • Metal Enclosure {Painted 
• 	 Upper and Lower Case IBM Blue and White) 


$25 .00
• 	 Full ASC II Set (Alpha 

Numeric , Symbols, • 18 Pin Edge Con . $2.00 

Control) 
 • 	 LC. Sockets $4.00 

• 	 7 or 8 Bits Paralle l Data • 	 Serial Output (Shift
• 	 Optional Serial Outpul Register) $ 2.00 
• 	 Selec table Positive or • 	 Upper Case Lock Switch ' Negative Strobe , and 

for Capital Letters andStrobe Pulse Width 
Numbers S 2.00• 	 'N ' Key Roll -Over 

• 	 Fully Dcbuunccd KIT Incl udes : Keyboard 
P.C. Board, all required com­• 	 Carriage Return Key 
ponen Is & assembly ma nual.• 	 Repeat Function Key 

• 	 Shirt Lock, 2 Shirt Keys NOTE : If y ou have this 63 
• 	 4 User Dellneablc Keys Key Teletype Keyboard you 

can buy the Kit without it• 	 P. . Board Size : 

17-3/ 16" x 5" for on ly $44.95 
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Industrial Quality Analog Input Systems Bidirectional Telephone Interface Cartridge Tape System for Intel 
for 6800 Systems MOS and SBC 80 Users 

These analog input systems for 
Motorola microcomputers offer 12 bi t 
resolu tion on digital conversion and 
better than .025% fu ll scale range 
throughput accuracy . The boards fea ture 
input and overvoltage protection and 
excitation and bridge ci rcuitry. The 
model MP7608 provides eight differen­
tial input channels which accept signals 
ra nging f rom ± 10 mV to 5 V , while 
the model MP7 608-I is a current input 
system designed to interface to 4 to 20 
mA cu rrent loop signals. Both are priced 
at $595 in single quantities, f rom 
Burr-Brown Research Corp, Intl Airport 
Industrial Pk, POB 11400, Tucson AZ 
85734, (602) 294-1431.• 

C111:tr. 636 on mqu1 ty ca re . 

This touch tone transmit module 
contains a central office quality tone 
transmitter and receiver and is suitable 
for applications such as automatic 
dialing and receiving and automatic 
credit card verification . The module is 
bui lJ on an industry standard 4.5 by 6.5 
inch 44 pin printed circuit board and is 
priced at $1499 in single quantities, 
from Wintek Corp, 902 N 9th St, 
Lafayette IN 47904, (317) 742·6802 .• 

Designed for use with the 3M 
DCl OOA tape ca rtridge, this system 
consists of a single or dual drive mech ­
anism wi th power supply and cabinet, 
and a low cost controller for the Intel 
Microcomputer Development System 
and the SBC 80 microcomputer. The 
controller can also be used with the 3M 
DCD-1 mini cartridge drive. The 
Datama;,: mechanism features a low 
error ra te , 100 K byte capaci ty, and a 
data transfer rate of 2350 by,tes per 
second. The controller and mechanism 
are available from HT Instruments Inc, 
4121 Redwood Av, Los Ange les CA 
90066 , (213) 822-4296.• 

Circle 633 on 1nqu1r y cartl. 

MICROPROCESSORS 
FROM CHIPS TO SYSTEMS 
Rodnay Zaks 
420pp, 150 iflustr, ref C201 $9.95 
Our Bestseller. This book Is the result of the 

""""~,_ author's experience in teaching microprocessors 
to more than 2000 persons. It presents a com­
prehensive Introduction to all the aspects ol 
microprocessors, from the components to the 

· assembly of a system. The difficulty of each 
chapter Is graduated from the basic concepts 
to the actual technical details. It is read by 
students, technic ians, managers, engineers, 
educators, doctors and by all those who wish lo 

understand rapidly and efficiently all the Important aspects 
of microprocessor use, selection, or appllcallon. 
CONTENTS: Fundamental Concepts... Internal Operation of a 
Microprocessor. .. System Compo11ents.. . Comparative Micro­
processor Evaluation... System lntercon11ect... Microprocessor 
Applications.. . Interfacing Techniques... Microprocessor Pro­
gramming .. . System Development . .. The Fu ture... 

ALSO AVAILABLE: MICROPROCESSOR ENCYCLOPEPIA 
•VOL I: 8-BITS, ref ES $15.00 
•VOL II : BIT-SLICE, ref ES $15.00 8

TO ORDER 
•BY PHONE: call (415) 848-8233 
BankAmerlcardlMastercharge accepted SYBEX 
• SHIPPING: no charge when payment 

Included. 
ADD: $1 .00lbook for fast shipping. 

•TAX: In California, add sales tax. 2161 Shattuck Ave. 
• OVERSEAS: 66 French Francs. Write to: Bertceley, Ca 9-4704 

SYBEX-EUROPE, 313 rue Lecourbe Tel: (415) 848-8233 
75015 • PARIS, France Tel:(1)8282502 

lMICROPROCESSOR 
INTERFACING 

MICl!<)PllOCESSORTECHNIQUES t INTEllFAONG 
IECHNIQUESAustin Lesea, Rodnay Zaks 

350pp, 320 lllustr, ref C207 $9.95 
FROM KEYBOARD TO FLOPPY DISK: All the 
basic concepts and techn iques fpr assembling 
a complete microcomputer system are presented 
In detail , with over 320 illustrations or diagrams, 
Including teletype, keyboard, floppy disk, CRT 
display, analog I digital interfacing. One chapter '--1

... 

lrt.. 

----- ­
ls dedicated to the bus standards, including 
S100, and IEEE488, and one chapter to test ing 
and debugging. 
CONTENTS: lntroducrion... Assembling the Central Processing 
Unir.. . Basic lnpur-Ourput ... Interfacing the Peripherals ... Analog 
Conversion. .. Bus Standards... Case-study: a 32-channel Multi­
plexer . .. Digital Trouble-Shooring ... Conclusion-Evolution. 

DISTRl8UTION I TRANSLATION INQUIRIES INVITED 

NAME __________POSITION 

COMPANY - --------------- ­ADDRESS_________________ 

CITY ________STATEIZIP ________ 

D Send me: D C201 D C207 D Other:---- - --­
0 Payment enclosed D Bill company D Bill me 


ADD $1 .00 I BOOK FOR FAST SHIPPING 

D charge my D Visa D Master charge 

D Number Exp date ________ 

Signature __________ O Send catalog. 


BYT F [JI 
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Audio-Digital-Audio Processors, SILICON 
Anyone? 

Single Chip 8 Bit Digital to Analog Converter 

This microprocessor bus compatible 
chip incorporates a complete 8 bit digital 
10 analog converter. The N ES 018 
includes a 5 V stab le reference, a high 
slew rate buffer amp lifier, a digital to 
analog converter and an 8 bit input 
latch. The device has a typical settling 
time of 2 µs, requires supply voltages of 
15 and -15 V and is priced at $6.95 in 
quantities of 100 from distributors or 
direct from Signetics, 811 E Arqucs Av, 
Sunnyvale CA 94086, (408) 739-7700. • 

Circle 629 on 1nqu1 ry cord. 

The DF331 and DF332 are complete 
analog to digital and digital to analog 
coders and decoders, respectively, which 
together meet the need for per channel 
voice frequency "codecs" in pulse code 
modulation telephony and audio appli· 
cations such as microprocessor analysis 
of speech. The D F3 31 converts up to an 
8 kHz bandwidth signal into a high speed 
serial digital format, while the DF332 
accepts the serial digital format and con· 
verts it back to an audio signal. The code 
made with these parts meets all Bell 
standard µ-255 law specifications, uses a 
low power CMOS design and avoids 
expensive trimmed resistive conversion 
techniques. The pair of 14 pin chips is 
priced at $9.76 in 100 piece quantities, 
from Siliconix Inc, 2201 Laurelwood 
Rd , Santa Clara CA 95054, {408) 
246-8000.• 

Chip Offers Memory Plus 10 Ports 

The INS8154 combined memory and 
input output chip is well suited to low 
end microprocessor app li cations. It 
includes 128 bytes of programmable 
memory and two 8 bit parallel 10 pons. 
The chip is designed so that each bit in 
either port can be set, reset or read with 
a single microprocessor instruction. The 
40 pin package is priced at only $8.75 in 
100 piece quantities, from National 
Semiconductor Corp , 2900 Semicon· 
ductor Dr, Santa Clara CA 95051, (408) 
737-5000.• 

Circle 630 on 1nciu11v c3rd. 

~ CtjCHcaTI BOARDS 

MB-1 MK·S Compuler RAM (not S-100). 4KXS, uses 
2102 type RAMs, PCBO only ............ ..............$22.00 
MB·3 1702A EROM Board, 4KXS, S-100, swilchable 
address and wait cycles, kil less PROMS .. ... .$5S.OO 
MB-4 Basic 4KXS ram, uses 2102 type rams, may 
be expanded to SKXS with piggybacking, S-100 
buss. PC board ........ .... ....... ... ............................$29.95 
MB-6 Basic SKXS ram uses 2102 type rams. memory 
protecl in 256 to SK sw itchable S-100 buss. 
PCBD ........ .. ......... ..... ............................................ $26.00 
MB· 7 t 6KX6. Static RAM· uses ,,P410 Protection, 
lully buffered. 
PCBO ..... .. $29.95 KIT ........... $400.00 
MB-8 270S EROM board, S·tOO. SKXS or 16KXS k it 
wilhout PROMS ......... . ........................... .. $65.00 
MB-9 4KXS RAM / PROM Board uses 2112 RAMS or 
82S129 PROM kil wilhout RAMs or PROMs .... $75.00 
10-2 S-100 s bit para lle l 110 port , ~ of board is for 
kludging . Kit ..$46.00 PCBD ........... $29.95 
t0-4 Two serial 1/0 pon s with full handshaking 
20 / 60 ma currenl loop · Two parallel 11 0 ports . 
Kil .. . .. . ...... ..... .. . ....................... $130.00 
VB-1 64 x 16 video board, upper lower case Greek. 
composite and parallel video with software, S-100. 
Kil $130.00 PCB0 ............ $29.95 
SP-1 Music synthesizer board. S-100, computer con · 
Iroller wave forms, 9 oclaves, 1 V rms V> % distorlion, 
includes software kit ................................... $160.00 
Allair Compalible Molher Board. 11 x 11 1/z x Vs " . 
Board only .... . $42.00. Wilh 15 connectors ...... $99.00 
Extended Board full size. Board only .............. $9.00 
With connector .......... ..... .......................... ..$13.00 
Sol id slate music Cybercom boards are high qualily 
glass board with gold linger contacts. All boards are 
check for shorts. Kits only have solder mask. 90 
day guarantee on Cybercom kits. 

( WmC/;nc. WAMECO INC. 

MEM-1 SKXS fully buflered, S-100. uses 2102 type 
rams. PCBC .......................................................... $26.00 
Mother Board 12 slot. termlnaled , S-100. board 
only ..... ...... .... . ............................................... $35.00 
CPU-1 SOSOA Processor board S-100 with S level 
vector Interrupt PCBO ........... .. ..................... .. ..$30.00 
10% discount on 10 or more of WAMECO PCBD 
in any combination . 
RTC-1 Reallime clock board. Two independent in­
lerrupts. Soflware programmable. 
PCBO . .. .................... ...................... .. $30.00 
EPM-1 1702A 4K Eprom card 
PCBO ....... ....................... ........................ ........ $30.00 
Special 2102AL·4 1/J Less Power than 21 L02 series 
ea . .....$1 .50; 32...... $1.45 ; 64...... $1.40 
2102AL·2 250 NSEC $1 .SO ea. ; 32-63 $1 .70; 64 
$1.60. 
90SOA AMO SOSOA (Prime) 
S212/74S412"Prime 
S214 Prime 
8216 Prime 
S224 Prime 
8228 Prime 
8251 Prime 
S255 Prime 
1702A·6 AMO 402A Prime 
TMS-6011 UART Prime 
2513 Char Gen Upper Prime 
2513 Char Gen Lower Pr ime 
17C2A Intel Nol Prime 
2706 .5usec 
2708 .65 u.sec 

$15.00 
3.50 
6.30 
3.95 
5.00 
6.95 
9.95 
9.95 
3.95 
6.95 
9.95 
9.95 
2.95 

$16.95 
12.95 

SK BYTE RAM 
with Factory Parts. 

450 NSEC $129.95 
Order MB-6A 

WAMEGOor 
with 21 OZAL-4 

MEM-1 with 
MIKOS #1 
250 NSEC $139.95 
Order MB-6A with 21 OZAL-2's 
or WAMEGO MEM-1 with 
MIKOS #3 
8080A CPU 
with 8 level vector 
Order WAMEGO 
MIKOS #2 

$95.00 
interrupt. 
CPU-1 & 

Check or money order only. If you are not 
a regular customer and your order is large 
please send either a cashier's check or 
a postal money order, otherwise there will 
be a delay of two weeks for the check lo 
clear. All items post paid in the U.S. Calif. 
residents add 6% tax. Money back 30 day 
guarantee. We cannot accept returned IC's 
that have been soldered to. Prices subject 
to change without notice. $10 minimum 
order. $1.00 service charge on orders less 
than $10. 

419 Portoflno Drive 
San Carlos, California 94070 

Please send for IC. Xistor 
and Computer parts list. 
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Manulacturo<l by TRW Date Sys1ems lor the lasl tood lnduslry. Designed lot e rror·hee 
dala ontry. The operalor slmply blackem1 trio appropriate box on B matk sense cord 
and lnsorls it lnlo lho lorm reader. The CPU eearches Internal programable drum 
momory ror unit p ric e and eJ1.lenas. It by qua.nm~. dlsplaylng lhe cus.tomer'a g rand 
tolaJ on lhe LEO modulo. 

Ei1tt1•11ouirnb1reol'l!IJ111101 HilMlrrnati­
c.11/! r &Hied retKJ a1i1d ~ i;hn 4nd TTL "ot1e 
lh01" dobourtetl clreull1y. 

Aell•blelQwfrli;tlonllCOl•lrHll'I 
ph.1~1•.ar• c ted1led (or Ore 1moolh 
eptor1,aor..uid ~ l1t t1 ol lh lipionmJum..,..... 
Reoc:iul1,a tltrQ•~ 1-~ 1i1011 iu~~11. 

BARREL STOCK1m 
TEST 'EM YOURSELF 'N SAVE 
15 .• ••. , • • . • NE505 Timots, 100% luncllonat 
15 . •. . . . . •. . •• fRW Powor Obr1lngtofl3. TO~-J 
15 .• . .. • . 2N:3055 & 2N3n2 N?N pewer 1rans. 
00 .••. •• . • General Purpose T0:92 Tmnststors 
100 ... . ............... Silicon s;gnal Diodes 

SPECIAL 

We •I 10Nq IOf ule • 11mlle<I ciu•ri llty o f u 1tld Modt1l l5"1. 
Prl.ced •I Otr ly S449.!iCI 

REGULATED 
POWER SUPPLY 

Ool iYe rs 5 voll:s al 8 Amperes. 
along wUh th re e 01her regu· 
laled oulputs. 

Momory system Is capable ol re taining ovor 40rnglisler Items.. Accumulated data may 
b() pulled by a mas1or compoler. , • 
Th19 point ol sate computer maJces a ~upc r mark .sense data terminal. The TAW 1336 ls 
ahlppod comploto with cable.sand se11·conl alned + 5 & J: 12v. powo< supply. 
Br.ond now ln faclory ca1tons. Orlglnal co9t $7,000, Welgh l 100 lb e .• sh ipped helghl 
collect Comploto documenlatlon not secured al pre11s time. 

GENERAL INSTRUMENT ASCII KDyboord Encoder 
AY 53iOO Primo but hou.. marked only $4.95 

This used supply Is sold " as 
Is," bu l wo stl 11 fe.ol lhal lhls 
Is the best buy you' ll e.., e, soe 
In a rogulatod power supply. 
75 lbs.. Schematics Included. 

CONNECTORS '24.88 

RS-232 

DB25P 100 PIN ~~UNIVAC 
KEYBOARD 

male pluc I hood 
IMSAl/ALTAIRa:C:a'.'.:?i s3~5 

I•\:.:::::::::::.'} •I DB 255 female 
llWJl 

53.95 

S"OO • GOLD PU\TEO e .125" CENTERS 
Allalr . 140 row, ooldMol 1. •••. $5.98 3/$1H10 
lm>al .250 row, oo l de~aJI . •. . • S4.98 l'l13.00 
3 Level Wlm Wrap .250 row. .. $4.98 l'$13.00 

SPECIALS 
wrw same as aboYo without oarsSJ.5() 31$10 
n(dual 36) WIW .156" cenlors. • . $2.50 31$6 

l!\e t•""OV11 :iff"'Y IJ•u~M. UIO ll (llkl ol/'I ~• WtlQ,e,l<l • ....mtl l~ 
" !IO• ••• •I •~ lr(.Mft a.11100~.. 1...u11t11111 roi onl~ S~• 111 
'"'' •d+al oto.M" ..1•1 "'P~ I r;ln1C • 1<11 a CCOWl\1•"11 1nd 
,....,r...,.,._1•t••n1lhtf1•-•otc lflt•1•nl1c.o or.111eio.1P 
IJ'irM 'ONI ' ltl 1•111mt11111 • 1..., ••r 10111tr.g macl'llr'ltl r11q 
ilQl fflll 1 llOw1 OO'f l'l l llca.11 '111....Pli: !.l•'- 11\Jly 

ScatcH Certified Di11ta l 

CASSETTES
e.11•.., N cri 

DISKETTES 
Pinn apeclly 
llMJ740 1orlu 
or 32 sector. 

Won•t drop 1 BIT I 
t5so 

II
CAllfORNIA 
INDUSTRIAL 

it In 
Authorlud 
Doler ol 

Scotch 8r1nd 
D1tl Produch 

Or<Q•f'\111 <Oii .... $.H-$ \h.il tllll .i1H•l"1HU 1111 l'.•Un..-.1 
COC'>d•t..onCom~1••lf'lekl(;_..11 1 IO'I 

•O·~·:~:~ 
T'NtJO'(llO,.. rur1 tl)ull l(l(lll(IM)ttol'ILoO­
~t.,t.ll'\at¥1"fFH l 1t....:e~opo11101Wl lo 
l l'le~ortM11ic1aP•l'fK.ttort•lhlt>Ot1 

G•mtt. Cfl'lldl •lttee a~ lad.0 COl'lllOll«l 
• lrcr•JI, 

INtU.Owol•l •&l'hdl~i:w.. l<IM. 
9'clM~..ia ..10~loOll•U1n.igtit 
•utc""'*IOl • llll-ll'OI\' lrllormttlOi"I 
aio-9ill~INIT'Ol')"CM1t1o1.-.ca1i.:t•lanr111..­
CW..1"""""""'00 M'IOl\t'l<li UMtlll 1~ 
iMtvlllOll-~Flo.lll~!Dlo'L."'Gl'lll 
.-.C:&llOnOl'r;ooit• tOlc;9l'l~lllnll 

~KILll«li!IJC1'19o4c;..ltl~.. ~ 
MfOlp.KI COll-tfllll111UI lb,Hl ll Cil lh• 
~,..ic. .... """" ..... no&'-'p..it.lll ~ 
11'111_,...~.­

~"°9"11Wl l """-. ~ t&N#i:r l!J.#flOl'lll'I 
ti.::IOl'y_9!ll, 

$.69 
Conductor Ft. 
IBBON WIR 

SfECTRA·S TRIP 

Transistors 
... 10 50 100 

2N2222A .20 .II .16 .15 
2N3055 .69 .65 .59 .55 
MJ3055 .79 .75 .69.65 
2N3772 1$1 091.ll t~t 
2N3904 .15 .11 .09 .07 

Power Ada pter 

hdc,140mA $1.39 
7 de, 1.4 A. 5.50 
9vdc, 15mA. 1.19 
hdc,175mA. U~~ 

lhdc,600mA 2. 9~

.5.98 
~· 12'.ct . 17Sm.I.. 

TRANSFORMER 

Qulet8u1i
S-100 MOTHER 
Thi O"lel Bum.a f1am CallFottr l• lnd111,1l1I It 
q,u11l t ~ 0ttgl11otrlfd. No atiort cu111 Jr.no bHn 1at:en 
lo produc.fl' 1~1111 molbel ~1\1. Acll"• tl!ll rmln•llon 
cl1cu11ry ptovGnt1 nolH ind c rOHtalk. Matr.idK· 
lufod hom fl''lr• be1vy FR-4 epo11y G1HI. FemlurH 
2CUl'ICG double lhlc:ll.nee.a COjloPlll l lt•C:IH. 

TRIMMER 
POTENTIOMETERS 

mAnUAL .[JfliAPHiTE 
rnSPlPiir uErlERPITOA 
Modom 1C(.flr'IOIDQI fl.as~ l.lllt llc"tebarnnl ~ 11M. 
1.111•11\11' c.J'l.vac1or p1illl'l\fl( Our M;1t/kl ll (lu,pt.111• DiUILI~ 
Gt!N•411)t ,.... 11"•8 Ctp..U.'h ly or C:UOOllCWll) '"" lyll upilt:• AllO 
io...tr UMt ASCII ~1 Sef1 COl'l l llllr'W!d curs.or u~ a'!la•• 
lhllOPt ••tol' lO•h"1kl•l•11ri~~c:in.11'Nli...roon 1U•ll"'I 

CKhunl1 In m1no.1P.tetured1os1r-c r 1olf!r•JtCeJup1e..c~ 
by llD!ll1llnlS H1 'Ot11'1 °" ClhP0tn1.11 lndu" '""' One '' "' ...i ll'! 
1¥01'VOl'dtll 

R.F. MODULATOR 
lrom .I.tori 

'13.95 
Connrh 1i1r111 from APPLE JI 
1nd other widio s.ourctt into t\I 
frequency. Compteh with d1rt-c· 
tlons and mehl r:aH. Asnmbled 

211 SKlOKSOI 

Star J.98 
20 50 100 

16• 14• 12< 

... 10 50 

80,000/ lOv. 3'5 3~9 2.9S 
4500 I 50 y.Sll9 llS 119 
1000/IS• t.55 49 .45 

7101 CH ON ·NON[· ON 
1107 jbt ON·OHlmnl .ONl 
1101 CK ON·(moment. OMl 
Rocker Ill ­ - DPDT 
RollfJ 3P-4 •Po1, 
ftohrJ 3P~ 6 · Po1. 
P"h B <N.0.1 $.19... l / U 

RELAYS 
SPDT MINIATURE 

10 25 LOO 

'1,39.,. $115 104 .19 

Coll 12 Volt de . 
7 .l.mpConhch 

P. C. Boud Mount 

11111 

.1 dloc 
.01 dllt 

low prollle 
... :ZS 50 

2Nl'i) I~~..~509 .O? '"'s""'o_L_A_R_C_E_L_L_S___________.....,,.____ 37• 36 35 
38 17 38 
99 93 85 

17<16 15 
II 17 16 
19 18 17 

36 15 341025(00 • 
1N4002 100 •..oa 06.os 
IN4005 '00•• • 10 .08.07 169 155 Jl9 63 60 51 

KYNAR;m 
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SELECTRIC 1/0 TERM I ALS (by GTE/ Informat ion Systems). Includes 8080 
Int erlace plus software ASCII translation and 1/0 dr iver routines, 15" carriage, 
Interchangeable type spheres & carbon/fabric ribbons. Bu il t-in modem opt ional . 

MODEL 5541 (I BM correspondence code, 2741 type terminal) : S 895 
MODEL 5550 lcorres. cod e, with built-in cassette tape d rive for 

off-line data storage or use as memory typewriter), 51495 
MODEL 5560 !AS CII code, w ith cassette tape drivel : S1495 

IBM SELECTRIC TYf'EWRJTER with magnets, switches & magnet driver PCB 
(from GTE/IS Termint : above). Includ es instructions for 8080 pr inter/driver 
Int erface (output only). 

Typewri ter mechanism comple te, cleanec1 & adjusted S325 
Aluminum case & Power Supply (+SV, ± 12V , + 24V S 75 

!ODEMS: 
Send/receive Bu!l-103 Type hv Vadic Corp. (requ ires +5V :t 12 V); S 75 
Also 202·tvpe modems, some with reverse chanel transmission 
and/or auto answer features, 

Telephone Coupler 


*** 
Calt o r wril4! for de tails, Quantity d iscounu, order 
forms. All orders shipped from stock - no back orders, 
no subs1itutions. All @Qvipment is shipped insured 
FOB ?a lo Alto wltntn 7 days eft er c trnck c lears or COD 
order is roceivod. M / C & VISA cn rds accep ted. 

S 25 

AMPEX MODEL TMX TAPE DRIVES with built-in NRZI forma"er. 800 
BPI, 9 track, 12 IPS,8" reel includes8 bit CPU contro ller diagram and BOBO 
in terface instructions. Idea l for microcomputerist who wants back·up muss 
storage and access to IBM-type systems via standardized Y," mag tape, S750 

POWER SUPPLIES lfrom Oiablo HyType I Terminal): pot ediustable, OV 
protect. Inputs : 11 0 or 230 VAC; Outputs: +SV reg . @ JOA; ±15V reg.@ 
7A; -9V@ SA (ad justable to ·12V); unreg. +5V (ad j. to + 12V) : $75 

PAPER TAPE READER (Addmaster 601-1 ): 50 cps, LEO sensoro 
reads.a leve l tapes, b idirect ional stepper motor, includes TTL serial 
inte rface plus 8080 parallel interface instructions. Requires +5V & 
+24V : $90 

INTERDATA Model One 8 Bit MINICOMPUTER, includes full front' 
panel, 4K core memory 1!6K addressable), plug.in teletype port , plus 
software : SlOO 

FOR IS TRACTORS, variable w idth 
MOOR E FORMALIN ER fo r 15" IBM Selectrics $50 

*** 
PAC IFI OFJ' I CE SYSTEMS, IN 9 0 day warranty against defecu in m1ueriel or wo rk· 

2600 r:J. CA m :\'O IH:AL. . "UITE 502 mansh ip on all used equipment,. Full documen1a1 ion 
included PLUS interface instruct ions where Indicated.

PALO ALTO. A l.IT. 9430G Avalfablllty subject to prior sale. Prices may changa 
without notice. 

Tel: (415) 32 1-3866 J 

GRAND GIVEAWAY 
FULL ASCII UPPER/LOWER CASE 

COMPUTER KEYBOARDSSALE,, CC/ 
Used Guaranteed Working 

ELECTRONIC POCKET Single Supply +5v @ 800 ma 
Schematics IncludedCALCULATOR Basic Keyboard S45 .00 

With Any $10.00 Purchase (W ITH COUPON) Add : $5.00 lor Upper Case Alpha 
$10.00 lor Numeric KeypadMemory Modules We Stock 

Computers We Stock $5.00 Misc . Function Switch 

SSM MB7 200ns 16K 525 $40 .00 Metal Case w/bottom 

Industrial µ Systems SK 229 Poly BS 735 . IMSAI 699 . S45 .00 Metal with Walnut Ends 

SPACEBYTE 16K Static 599 Xitan I 769 . SOL20 1095. S1 .50 Connector 

SSM MB7 450ns BK 199 Vector Graphics 619 . Cromenco Z2 595. $2 .00 tor 10 Extra Switches 

Vector Graphics 250ns SK 269 Alpha Micro System 1495. Apple II (16K) 1698. 


Compucolor 2750 .
Common DB Series 


Connector 

Surplus TRW Power Supply Original Cosd 100.00 Plus$


1 10 00 

DB 9P 1.10 1.00 TEXAS INST Lo Profile Sockets •GONE GOOFY PRICE J!! 

DB 9S 1.50 1.40 


1DB15P 1.50 1.40 WEST COAST'S LARGEST SELECTION OF
Pin 1 10D815S 2.25 2.00 DIP Switches a .30 2.50 COMPUTER RELATED HARDWAREDB25P 2.25 2.00 

14 .25 2.DODB25S 3.25 3.10 
1 10 16 .27 2.20 ~ ---ICOUPONI-- ­DC37P 2.95 2.75 I ~T COUPON FOR COUPON ITEMS 4 1.85 1.65 18 .40 3.20DC:37S 4.90 4.50 

5 1.85 1.65 20 80 6.00DD50P 3.90 3.50 
6 1.85 1.65 22 50 4.00DD50S ,6.50 6.00 
7 2.00 1.80 24 50 4.00 Ic~o~~~~~~ ~~~~?o2~~2~r;~1~c·1 

We stock a com ­ s 2.20 1.90 28 50 4.00 Lawndale, CA Store Open Mondays 10 AM · 7 PM 
plete line of 7400, 9 2.30 2.10 40 50 4.00 5848 Sepulveda Blvd., Van Nuys, CA 91411 (213) 786-, 741 1 74LS, 4000 CMOS 10 2.40 2.20 
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Vidicon Camera 

PERIPHERALS 

A Pad for Your Bytes 

. I •-" ' 
...~ ( ... .:..J. _-1;; :. ~- ... \~. ' 

--=- 1: · ~~- .· • .......­
· ·< f;{j lJ h -

Summagrap hics Corporation has 
an nounced the Bi t Pad data tablet, a new 
input peri pheral designed specifical ly for 
smal l system users. 

The unit is designed for fast data 
col lection of X, Y values. Th e small size 
(11 by 1 1 inches, 27.9 x 27 .9 cm) and 
compact design make the Bit Pad port· 
able and adaptab le to a variety of 
app li cations. It can be inte rfa ced to any 
microcomputer using its standard 8 bit 
parallel outp ut. 

Applications include medical treat· 
ment, opinion sampl ing, educatio n, rea l 
estate, design, games, research, computer 
animation and so on. 

It can be used as a variab le keyboard 
for menu picking, for inputting data for 
inventory control or parts programm ing, 
etc. Th e price is $55 5. 

Contact Summagraphics Corporation, 
35 Brentwood Av, Fa irfield CT 06430, 
(203) 384-1344.• 

C1rc:le 584 on 11) ( 1u 1Jy caHf 

Digital Cassette Drives for Radio Sh ack 
TRS-80 and Altair {S-100) Bus 

This cassette based mass sto rage 
sys tem is offered in two ve rsions for 
popular personal computers. Pictured 
is the Alpha 1 system for Altair (S· 100) 
bus computers. The contro ll er ca rd 
plugs into the bus, controls up to four 
drives and will bootstrap from tape 
without th e need for a read only 
memory monitor. A stand alone cassette 
operati ng sys tem or a system with 
extended BASIC is ava il ab le for the 
Alpha 1. Prices start at $240. The CMS 
system is sa id to be plug com patible 
with the Radio Shack TRS -80 computer, 
wi th prices starting at $399. Each 
cassette drive can store up to 500 K 
bytes and ca n record or play bac k 
inform ation at 780 bytes per second 
{data ra te 6250 bps) . Average access 
time to informat io n anywhere on the 
casset te is 17 seconds. The units are 
available from MECA, 7026 Old 
Woman's Spring Rel , Yucca Valley CA 
92284, {71 4 ) 365-7686 .• 

Cu Cli? 58 1 0 11 10 (lu 11 v c.i1 LI. 

The modular C·1000 vidicon camera 
system has all handshake and control 
lines for complller interfaci ng built in . 
Stand ard building blocks are available 
to pe rform commonly .needed functio ns 
such as point tracking, area measurement 
and so on. High resolu ti on {1000 TV 
lines) and low d istortion (less than 0 .2%) 
and dri ft (less than 0.05 % per day) make 
the unit appropriate for research and 
industr.ja l comp uter applications. Prices 
start at $3500 from Hamamatsu Corpor· 
ation, '120 Wood Av, Middlesex NJ 
08846, (201) 469-6640.• 

Cu cir: 582 on inqmry C>lfd-

Scientific Calculator Interface 

This scientific ca lcu lator interface 
board kit , which includes in te rface 
softwa re fo r 8080 and 6800 based 
systems, is availab le in two versions, 
one for the Motorol a Exorciser bus 
and one for t he Altair (S-100) bus. 
The boa rd employs the MOS Tech · 
nology 7529-103 programmable 
ca lculator c hip, which · fea t ures a 
full se t of mathematical functions, 
factoria ls, a nd up to two leve ls of 
pa rentheses in expressi ons. The kit 
is $99.95 from Mini Micro Mart, 1618 
James St, Syracuse NY 13204, (315) 
422-4467.• ' 

Circl" 583 on ioquiry catd . 

Video Graphics with Plotting Prin ter 

A video graphic disp lay and match~ng 
printer with plotti ng capabi lities are now 
available for the Wang 2200 series com· 
puters. The 2282 Graphics CRT has a 
12 inch {30.5 cm) diagonal screen with 
800 by 5 12 addressable do ts. Vectors 
are generated by turning on a series of 
dots ap proximating a line. T he 2231 W-3 
printer provides an accurate hard copy 
of a graphics image by printing strips of 

204 BY"! E Mmh 1918 

800 dots by 8 dots. Alphabetic in for· 
mation can also be pri nted at 120 
characters per second. The 2282 is 
$3 600 and the 2231 W-3 is $3800 from 
Wang Laborator ies Inc, 1 In d ustria l Av, · 
Lowel l MA 0 1851, (617) 851-4111.• 

Cud11 580 oii 111tiu1rv ca1t.1 . 



RS•232/TTL 
INTERFACE 

TAPE Part no. lll 

INTERFACE 
• Play and record Kan as City 

TELEVISION 
TYPEWRITER 

UART 
&BAUD 
RATE 
GENERATOR 
Parl no. IOI 
• Converls seria l lo parallel and 
parallel lo serial 
• Low cost on board baud ralc 
genera tor 
• Baud rates: 11 0 150, 
300, 600, 1200, and 2400 
• Lo• power drain +5 vol ts and 
-12 volts required 
• TTL compatible 
• All characters contain a slarl 
bit , 5 lo 8 data bits, I or 2 stop 
bits, and either odd or even 
parity. 
• All connections go lo a 44 pin 
gold plated edge connector 
• Board only Sl 2.00; with parts 
$35.00 

1-~~~~~~~~~~1-~~~~.......,.~~~~~~ 


SKSTATIC ~-. 

RAM -­
Part no. 300 
• BK Altair bus memory 
• ~cs 2102 l:ilic memory chip 
• Memory protect 
• Gold contacts 
• Wail slates 
• On board regulator 
• -JOO bus compatible 
• Vector in pu t option 
• TRI slate buffered 
• Board only S22.50; with parts 
Sl60.00 

Part no. 106 
• Stand alone TVT 
• 32 char/line, 16 lines, modifi ­
ca tions for 64 char /line included 
• Parallel ASCII (TTL) input 
• Video output 
• l K on board memory 
• Output for computer con­
trolled curser 
• Auto scroll 
• Non-distructive curser 
• Curser inputs: up, down, left , 
right, home, EOL, EOS 
• Scroll up, down 
• Requires +5 volts al 1.5 amps, 
and . J 2 volls al 30 mA 
• Board onl y S39.00; with parts 
$145.00 

MODEM 

Part no. 109 
• Type 103 
• Full or half duplex 
• Works up to 300 baud 
• Originate or Answer 
• No coils, only low cost com­
ponents 
• TTL input and output-serial 
• Connect 8 ohm speaker and 
crystal mic. directly to board 
• Uses XR FSK demodulator 
• Requires +5 volts 
•Board $7.60; with parts S27.50 

TIDMA 
Part no. 112 
• Tape Interface Direct Memory 
Access 
• Record and play programs with­
out bootstrap loader (no prom) 
has FSK encoder/decoder for 
direcl connections lo low cost 
recorder at 625 baud rate, and 
direct connections for inputs and 
outputs to a digit.ii recorder al 
any baud rate . 
• -100 bus com patible 
• Comes a sembled and tes ted 
for $160.00 

APPLE I 
MOTHER 
BOARD 
Part 110. 102 
• 10 slot -14 pin (.156) con­
nectors spaced %"apart 
• Connects to edge connector of 
computer 
• Pin 20 and 22 connects lo X & 
Z for power and ground 
• Board has provisions for by ­
pass capacitors 
• Board cost S15.00 

Part nu. 232 
• Converts TTL lo RS-232, and 
converts RS-232 lo TTL 
• Two se parate circuits 
• Requires · 12 and + 12 vol ls 
• All connections go to a J 0 pin 
gold plated edge connector 
• Board only S4.50; with part 
Si.00 

DC 
POWER 
SUPPLY 
Part no. 6085 
• Board supplies a regulated +5 
volts al 3amps., +12,-12, and -5 
vol ls 'a l I amp. 
• Board has fillers, rectifiers, and 
regulators 
• Power required is 8 volts AC a l 

3 amps., and 24 volts AC C.T. al 
l.5 amps. 
• Board only $12.50 

Standard tapes 
• Converts a low cost tape 
recorder lo a digital recorder 
• Works up lo 1200 baud 
• Digital in and out are TTL-serial 
• Output of' board connects lo 
mic. in of recorder 
• Earphone of recorder connects 
lo input on board 
• Requires +5 volts, low power 
drain 
• Board S7 .60; with parts $27.50 

• o coils 

Part 
no. 107 

RF 
MODULATOR 
• Converts video lo AM modu­
lated RF , Channels 2 or 3 
• Power required is 12 volts AC 
C.T., or +5 vol ts DC 
• Board S•k50; with parts $13.50 

Mention part number and description. For parts kits add "A" lo part number. Shipping paid for orders To Order: 
accompanied by check, money order, or Master Ornrge, BankAmericard, or VISA number, expiration 

- dale and signature . hipping charges added lo C.O.D. orders. California residents add 6.5% for lax. 
Parts kits include sockets for all IC5, components, and circuit board. Documentation is included with ,i ~ l • all products. Dealer inquiries invited . 24 I-lour Order Line: (408) 374.5984, · E21 
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Wire Wrap Boards for LSl-11 

PERIPHERALSW~~t's NewP 

Breadboarding Card for 
Altair (S-100) Bus 

This breadboarding card makes it 
especially convenient to add experi­
mental circuitry to an Altair (S-100} bus 

Graphics for 

Your SOL Computer 

This kit adds a ·128 horizontal by 48 
vertical point graphic display capability 
to your SOL computer or VDM-1 video 
display board. A piggyback printed 
circuit board mounts directly on the 
SOL or VDM-1 boa rd to add graphics. 
Software, supplied on a SOL CUTS 
cassette and paper tape, provides: a 
dr iver routine to manipulate individual 
points, links to the SOL 's BASIC 5, 
demon strati on plotting programs and an 
animat ion program for John Conway's 
game of Life. The kit is availab le for $50 
from KEA Mi cro Design, POB 6531 
Station A, Toronto, Ontario CANADA 
MSW 1X4.• 

CHclc 604 on 1nc101ry cord. 

compatible computer. The board plugs 
into the bus (with offset cont ac ts to 
prevent incorrect insertion) and pro· 
vidcs breadboard access to every signal, 
divided into address, data and control 
sections. Voltage regulators for +5 V, 
+12 V and - 12 V are provided as wel l 
as poi nts for obtaining unregulated 
voltage. 22 gold plated contacts are 
provided on the other side o f the card 
for external con nections. Three SK-50 
breadboarding sockets, each with 32 
pairs of five common contacts and a 
series of common bus s trips a re In cluded 
as wel_I as a breadboarding area for the 
22 ca rd edge contac ts. The card is priced 
at $75 from E & L In struments Inc, 61 
Firs t St, Derby CT 06418, (203) 
735-8774.• 

These wire wrap boards can be used 
to build your own memory and inpu t 
output systems for the LSI-I I com­
puter. Each board, designed for insertion 
of wire wrap pins, can accommodate 
about 130 standard 14 pin a nd 16 pin 
dual in line packages, plus passive 
components. A ground shield is provided 
on one side o f the board. The WW-11.5 
ha lf size version sells for $35 in single 
quantities, while the WW-11 ful l size 
version is $75, from Artec Electro nics 
Inc , 605 Old County Rd, San Carlos CA 
94070, (415) 592-2740.• 

Circle 607 on inquiry card . 

Space Saving Terminal· 

The Transactor data terminal 
consists of a single line 32 character 
gas discharge display with a 5 by 7 dol 
matrix for easy readi ng, and a 53 key 
Te letype style keyboard . It can be 
attached Lo almost any co mputer, with 
an RS23'2 or 20 mA current loop inter­
face. Switches allow the user to selec t 
the operating mode including 110 Lo 
9600 bps data ra te, fu ll or half duplex, 
even, odd or no parity, five to e ight 
data bits, and one or two stop bits. 

Lightweight and small, the Trans­
ac tor is housed in an attrac tive and 
sturdy aluminum case that measures 
only 6 by 15 by 11 inches (15 .2 by 
38.1 by 27 .9 cm). A stylized molded 
case is avai lable. Price of the sta ndard 
Transactor I in quantity is $595 , trom 
Computerwise Inc, 4006 E 137th Tcr, 
Grandview MO 64030, (816} 765­
3330.• 

A Plethora of 
Peripheral Boards 

A variety of periphera l boards 
are now ava il ab le for the do-i t-your­
selfer, including a universa l asynchro­
nous receiver transmiller (UART) board 
(pictured}. a full duplex, 300 bps 
modem, a TTL compatible RS232C 
interface, a Kansas Ci!Y standard 
casscuc Lape interface, a 32 or 64 
charac ter per line video display board, 
and an RF modulator board with 
power supply to in tcrfacc a video 
signal to a te lev ision set. Also avai l· 
able arc dn 8 K byte stat ic memory 
board tor the Al lair (5· 100 ) bus, and 
a mother board, 8 K memory board, 
and serial 10 board for Apple I 
compu te rs . All circuit boards come 
with complcle instruc tions and parts 
lists, and arc designed Lo use inexpen­
sive , easy to fin d pans. Parts kits and 
fully assembled unit s a rc also avai labl e. 
Prices for the boards range from $5 to 
und er $40, from Electronic Systems, 
POB 212, Burlingame CA 940'10, (4 15) 
573-7788. • 
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74L$00 TTL 
74LSOO $ .2 1 74L$93 .52 
74 LS02 .21 74LS l 09 .36 
74LS04 .24 74LS112 36 
74LS08 S .21 74LS113 36 
74LSl(l 21 74LS114 36 
74LS14 .85 74 LS1 25 46 
74LS20 .23 74 LS126 46 
74LS 2 1 .23 74LS132 .75 
74LS22 .23 74LS138 70 
74L S30 23 74LS139 70 
74LS32 .30 74LS151 .65 
74LS37 31 74LS153 66 
74LS38 31 74L S 154 1.00 
74LS42 .60 74L S 157 S.62 
74L$47 .75 74LSl60 82 
74 LS48 72 74L $161 82 
74LS73 35 74LS162 .82 

74LS192 90 
74LS196 .8 0 
74 LS 197 .8 0 
74L $22 1 1.06 
74L S257 7 1 
74L5258 .70 
74LS 266 26 
74L S283 . 72 
74LS365 .55 
74LS366 .55 
74LS367 .55 
74LS368 55 
74LS386 .39 
81LS95 77 
Bl LS96 77 
BlLS97 77 
BlLS98 .77 

74LS74 35 74LS1 63 .82 
741:575 . 53 74LS164 98 .SUPPORT DEVICES MEMORY 
74L S76 .37 74LS 17•1 75 
74LS86 36 74 LS I 75 79 6820 

;:t:~~ -~~ ~:t:: :i' ~g 6850 
.:..:::.:.:.::_...;;::....__:.;:.::.:..:..:..:...__.:.::.._i 0212 

KITS 

WAMECO 

82 14 
8216 
8224 
8228 
8226 
8238 

5.00 
5.00 
3 .45 
9 .50 
3.75 
3.75 

1702A $ 4 .00 
2708 12.00 
2716 32 .95 
2 1L02 450ns 1.25 
2 1L02 250ns 1.60 
1101 .75 

5 
· 
50 

MICROPROCESSOR3.85 
7.95 8080A 

Z -80
S-100 P.C. Boards 
8K RAM 
Z-80 CPU 
12-Slot Mother 

Board 
ITHACA AUDIO 
S-100 P.C. Boards 
8K RAM 

28.00 
28.00 

33.00 

~~O~A 

CMOS 
400 1 
4002 
4006 
4007 
4006 
4009 
4010 
4011 
40 12 
4013 
4014 
4015 
4016 
4017 
4016 
4019 
4020 
4021 
4022 

Prime Factory Kit 
90 Day Guarantee 

Z-80 CPU 
SOLID STATE MUSIC 16K STATIC RAM KIT 
S-100 Kits & Bare Boards 
MB-3 2K/4K EPROM 

Uses 1702A EPROMS 
Kit w/o EPROMS 59.95 

MB-4 4K STATIC RAM 
Kit 95.00 
Bare Board 25.95 

MB6A SK STATIC RAM 
Kit $179.95 
Bare Board 25.95 

MB7 16K STATIC RAM 
Kit 435.00 
Bare Board 25.95 

MB8 8K/16K EPROM 
Uses 2708's 
Kit Less EPROMs 75.95 

BOOKS 

Home Compulers. 210 Quest ions 
and Answers : Volume 1: Hardware 
by Rich D ldday 225 pp. 
Home Computers: 210 Questions 
and Answers: Volume 2 : Sottware 
by Rich Dodday 175 pp. 
Calculator Users· G ulde and 
Dictionary by Charles Slppl 444 pp . 
M icrocomp uter 01ctmnary and 
Gulde by Cnarlcs Slppl 704 pp. 
Introduction to BASIC 

MB-7 
Cybercom div. Solid State Music 

Only : $375.00 

LM 309H 
LM 309K

S7 .95 
LM 320H-5 
LM 320H-6 

$6.95 LM 320H-8 

Sl2.95 
LM 320H-12 
LM 320H-15 

$19.95 LM 320H­ 18 
LM 320H-24 

SS .95 LM 320K-5 

.16 

. 16 

.99 

.16 

.79 

.37 

.37 

.16 

.16 

.29 

.74 
74 

.29 
79 
79 
23 
84 
.89 
69 

1.10 
.99 

1.19 
1.19 
1.19 
1.19 
1.19 
1.19 
1.19 
1.35by Jeflrey Morton 200 pp . 

Analysis an d Design of D1g1tal 
Circuits and Compu ter Systoms 
by Paul Ch lrllan 

LM 320K-6 Sl.75 

Ci rcle 54 on inquiry card. 
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:• ._:_I · · ' . D Casn 
D COD 

I Ch arge My 

I *·'M"'iliih·M D M.C 
VISA D 8AC {VISA) 

Fi ni t e Stiate Fantasies 
by R<eh 01dday 50 pp. 

5716 W. Manchester Ave. 
Suite #5 
Los Angeles, CA 90045 

TELEPHONE ORDERS : 
Call (213) 641-4200 
Ezp Date . _________ 

S22 .5 0 LM 320K-8 1.75 
LM 320K-12 1.35 

$1.25 LM 320K-15 1.35 

Postage/Handling Sl.50 

7400 II 

'""' " 7402 ll 
74'lJ I J 
7.i04 ",.,,, 

",.,,. 16 
7407 2J 
7408 " '""9 " 74 10 " 74 11 18 
74 12 " 74 13 " 7.1 14 61 
74 16 24 
74 17 22 
?4.20 ll 
?4;?3 2' 
742S 25 
742{> 22 
7427 " 74JO " 71132 2J 
7437 21 
7438 21 
7439 ,, 
7440 ll 

4023 
4024 
4025 
4 026 
4030 
403 5 
4040 
4 049 
4050 
4 051 
4052 
4 053 
4066 
4071 
408 1 
4082 
4507 
4510 

7~100 
741 07 
/4 IV'J 

144 1 70 7·11 21 
7442 .37 7412~ 

1443 _,. 7'1123 
:1.14·1 59 74132 
74~ S 65 74141 
7446 62 74145 
7447 .09 i' 41 SO 
744 8 60 141 5 1 
74!10 " 741 53 
74Sl " 74 1~ ••
74~3 " 7.\1 57 ~~ 
74'54 " 74161 ..,.60 ,. 7416) SS 
7470 .26 7 .1!~ ., 
7472 21 1:16'5 90 
747J 21 74170 '6? 
141.1. 2' 7.1 173 110 
,~,~ •• 7417~ 85 
1'176 ,. 7-11 1~ 15 
7<179 '°o /.1176 69 ,.ao JI 741 77 70 
7 481 •• 7411.10 ., 
7482 '° 74 181 L 7~ 
7483 62 74 19() 

~· J.\85 15 1'1191 9& 
1•186 26 74\92 
1489 ' 15 

74193 
7490 •lO 74195 
7491 .. 74 l2 1 
7492' •o ?;:2!;1 
7493 ·10 7436~ 

7494 60 '/ 4366 
749S 60 J.\367 
7496 60 N368 

SOLID STATE MUSIC 
MB9 STATIC PROM/RAM 

Kit Less Memory 72.00 
VBl A VIDEO INTERFACE 

Kit 129.95 
Bare Board 25.95 

102 PARRELL 1/0 
And Kludge 
Kit 
Bare Board 

104 2 +2110 
Kit 

SB-1 MUSIC 
SYNTHESIZER 
Kit with 
Software 174.9 5 REGULATORS 

LM320K-l8 1.75 MT-1 
LM 320K-24 1.75 15-Slot Mother 
LM320T-5 1.10 Board 39.95 
LM 320T-12 1.10 XB-1 EXTENDER BOARD 
LM 320T-15 1.10 Bare Board 8 .99 
LM 340K-5 .85 SSM 8080 MONITOR Vl 
LM 340K·8 
LM 340K­ l2 
LM 340K-15 
LM 340K-18 
LM340K-24 
LM 340T-5 
LM 340T-8 
LM 340T-12 
LM 340T-15 
LM 340T-18 
LM 340T-24 

1.35 
.85 
.85 

1.35 
.85 
.95 
.95 
.95 
.95 
.95 
.95 

ON 2-2708 47.00 
ON 8-1702A 47.00 

NEW 
1978 

IC MASTER 
• Over 40.000 

IC's listed. 
• Over 2,000 

pages. 
• Updated every 

90 days. 

Retai l Value 

$55.00 
Your Price 

$46.00 



Proto typing Package for 8080 Systems 

Designers ca n qu ick ly co nstruct cus­
tom interface systems using the !3 LC 
80/l 0 board level computers with the 
aid of this prototyp ing package. Th e 
BLC SOP package includes a BLC 80/10 
computer board with 1 K bytes o f 

PER IPHERALS 

programmable memory , a system moni­
tor in 2 K bytes of read on ly memory, 
and an additional 2 K bytes of blank 
2708 type programmable read only 
memory. A prototyping board with 
space for '114 16 pin socke ts or an 
eq uivalcn t mix of other sockets is also 
included. The boards arc housed in a 
four slot card cage which also serves as 
a backplane and sys tem bus. Two power 
ca bles arc supp lied as well as two 50 
cond uctor ribbon cab les for connection 
to external circuits. The BLC 80/10 has 
jum per se l cct~d options for RS232 or 
current loop interfaces, and cables are 
supplied for a CRT terminal and for a 
Te letypewriter. Documentation inc ludes 
a hardware reference manual, user's 
guide <ind schematics. The BLC SOP is 
priced at $878 from National Semicon­
ductor Corp, 2900 Semicondu ctor Dr, 
Santa Clara CA 95051, (408) 
737-5166 .• 

C1rt:h.!' G Won 1nqu ~rv cttrd . 

Printer for Motorola Ex orciser 

Designed for use with the Motorola 
Exorcise r or Micromodules , this impac t 
printer produces lines of up to 80 5 by 7 
dot matrix characters at .a speed of 11 0 
characters per second (about 65 lines per 
minu te). The print head moves in both 
directions on 8.5 inch (21.6 cm) wide 
roll paper and uses a co nven tional 
Teletype ri bbon. A pe ri p he ral interface 
module and interconnec ting cable are 
included with the printer, making th e 
device fu ncHonall y equivalent to a 
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Centronics 306 type printer. The MOOS 
and E DOS opera ting systems for the 
Exorciser provide drivers and commands 
for the new device. A 230 V 50 Hz 
version is ava ilable for Eu ropean users. 
The EXORp rlnt printer is $1725 from 
Motorola dis tributors or from the 
manufac turer. Contact Motoro la 
Semiconduc tor Produc ts In c, Technical 
Information Center, POB 20924, 
Phoenix, AZ 85008, (602) 244-6815. • 

Cucle Gl2' on u1quuy c;11cf 

Multi function Floppy Controller 
for LSl-11 

Severa l common functions have been 
combined in this dual width interface 
card for the LS 1-11. The Interface con­
trols up to three Shugart SA-400 mini· 
nappy drives, provides a direct memory 
access dynamic memory refresh con­
tro ller, and includes sockets for up to 
4 K or 8 K 16 bit words of program­
mable read o nl y memory. The floppy 
co nt roller performs several functions 
autom atically including track seek and 
verify, cyc li c redu ndancy code gener· 
ation and checki ng, and drive motor 
timeout sh u toff. The memory sockets 
hold up to 4 K of 2708 type chips or up 
to 8 K of 27 16 type chips. The - 5 V 
power supply for these chips is genera ted 
on the board. Provisions have been made 
for mapping the LSl-11 bootstrap 
add resses onto these chips or onto 
fusible link read only memories. The 
MDCll combined board is priced at 
$510, the minifloppy drives at $325, 
the MREFll dynamic memory refresh 
co nt roller alone is $195 and the 
PROM 11 read onl y memory section 
alo ne is $17 0, from Andromeda Systems 
In c, 14701 A rmin ta St J. Panora ma City 
CA 91402 , (213) 781-6000.• 

Circ le 613 nn mqu11y ct1rrl_ 

Printer Offers 6 or 12 Characters 
per Inch 

The DP-1 000 series printers fea tu re a 
do t matrix impact printing clement 
capa ble of printing 64 alphanumeric 
and special c haracters in 40 characters 
per line at 1.25 lines per second on 
standard sing le or multiple copy paper 
rolls. Three RS232C configurations 
allow convenient interfacing to most 
minicomputers, modems and tele­
prin te rs. Data rates from 110 to 2400 
bps are available. Si ngle or double width 
characters are selected with an external 
control line, allowing either 6 or 12 
characters per inch to be in termixed 
on a line. Prices start under $700 with 
substantial quantity discounts, from 
Anadex, 9825 DeSoto Av, Chatsworth 
CA 91311, (213) 998-8010. • 



DIODES/ZENERS 
1N914 100v lOmA .05 
1N4005 600v lA .08 
1N4007 1000v lA .15 
1N4148 75v lOmA .05 
1N753A 6.2v 
1N75SA 10v 
1N759A 12v 
1N4733 5. lv 
1N5243 13v 
1N5244B 14v 
1N5245B 15v 

CMOS 
7400 

4001 .20 
4000 .15 

7401 
4002 .20 7402 
4004 3.95 7403 
4006 1.20 7404 
4007 .35 7405 
4008 .95 7406 
4009 .30 7407 
4010 .45 7408 
4011 .20 7409 
4012 .20 7410 
4013 .40 7411 
4014 1.10 7412 
4015 .95 7413 
4016 .35 7414 
4017 1.10 7416 
4018 1.10 7417 
4019 .60 7420 
4020 .85 7426 
4021 1.35 7427 
4022 .95 7430 
4023 .25 7432 
4024 .75 7437 
4025 .35 7438 
4026 1.95 7440 
4027 .50 7441 
4028 .95 7442 
4030 .35 7443 
4033 1.50 7444 
4034 2.45 7445 
4035 1.25 7446 
4040 1.35 7447 
4041 .69 7448 
4042 .95 7450 
4043 .95 7451 
4044 .95 7453 
4046 1.75 7454 
4049 .70 7460 
4050 .50 7470 
4066 .95 7472 
4069 .40 
4071 . 35 
4081 .70 
4082 .45 

9000 SERIES 
9301 .85 
9309 .35 
9322 .85 
95H03 .55 
9601 .75 
9602 .50 

MEMORY CLOCKS 
745188 (8223) 3.00 
1702A 6.95 
MM5314 3.00 
MM5316 3.50 
2102·1 1.75 
2102L·1 1.95 
TR 1602B/ 

TMS 6011 6.95 
8080AD 15.00 
8T13 1.50 
8T23 1.50 
8T24 2.00 
21078·4 4.95 

z .25 
z .25 
z .25 
z .25 
z .25 
z .25 
z .25 

.15 

.15 

.20 

.20 

.15 

.25 

.35 

.55 

.25 

.15 

.10 

.25 

.30 

.45 
1.10 
.25 
.40 
.15 
.30 
.45 
.15 
.30 
.35 
.35 
.25 

1.15 
.45 
.85 
.45 
.65 
.95 
.95 
.70 
.25 
.25 
.20 
.25 
.40 
.45 
.40 

8266 
MCT2 
8038 
LM201 
LM301 

SOCKETS/BRIDGES 
8-pin pcb .25 WW .45 

14-pin pcb .25 WW .40 
16-pin pcb .25 WW .40 
18-pin pcb .25 WW .75 
22-pin pcb .45 WW 1.25 
24-pin pcb .35 WW 1.10 
28-pin pcb .35 WW 1.45 
40-pin pcb .50 WW 1.25 

Molex pins .01 To -3 Sockets .45 

2 Amp Bridge 100-prv 1.20 

25 Amp Bridge 200-prv 1.95 

7473 
7474 
7475 
7476 
7480 
7481 
7483 
7485 
7486 
7489 
7490 
7491 
7492 
7493 
7494 
7495 
7496 
74100 
74107 
74121 
74122 
74123 
74125 
74126 
74132 
74141 
74150 
74151 
74153 
74154 
74156 
74157 
74161 
74 163 
74164 
74165 
74166 
74175 

.35 

.95 
3.95 

.75 

.25 
LM308 IMinil .75 
LM309H .65 
LM309K l340K-51 .85 
LM310 1.15 
LM311 Q IMinil .75 
LM318 IMinil .65 

- T T L ­
74176 1.25 

.35 

.25 
74100 .85 

.35 74181 2.25 

.30 74182 .95 

.55 74190 1.75 

.75 74191 1.35 

.95 74192 1.65 

.95 74193 .85 

.30 74194 1.25 
74195 .95 

.55 
1.35 

74196 1.25 
.95 74197 1.25 
.95 74198 2.35 
.40 74221 1.00 

74367 .85 
.60 
.80 

1.25 

75108A .35 
1.85 75110 .35 
.35 75491 .50 
.35 75492 .50 
.55 
.55 74HOO .25 
.45 74H01 .25 
.35 74H04 .25 

74H05 .25 1.35 
74H08 .35 

.85 
1.00 

74H10 .35 
.75 74H11 .25 
.95 74H15 .30 

74H20 .30 
.95 

1.05 
74H21 .25 

.65 74H22 .40 

.85 74H30 .25 

.95 74H40 .25 

.60 74H50 .25 
74H51 .25 1.50 
74H52 .15 

.80 
1.35 

74H53J .25 
74H55 .25 

TRANSISTORS, LEDS. etc. 
2N2222 NPN (Plastic .10) .15 
2N2907 PNP .15 
2N3906 PNP .10 
2N3054 NPN .35 
2N3055 NPN 15A 60v .50 
T1P125 PNP Darlington .35 
LED Green. Red, Clear .15 
D.L.747 7 seg 5/8" high com-anode 1.95 
XAN72 7 seg com-anode 1.50 
FND 359 Red 7 seg com-cathode 1.25 

74H72 .55 
74H101 .75 
74H103 .75 
74H106 .95 

74LOO .35 
74L02 .35 
74L03 .30 
74L04 .35 
74L 10 .35 
74L20 .35 
74L30 .45 
74L47 1.95 
74L51 .45 
74L55 .65 
74L72 .45 
74L73 .40 
74L74 .45 
74L75 .55 
74L93 .55 
74L123 .55 

74500 .55 
74502 .55 
74503 .30 
74504 .35 
74505 .35 
74508 .35 
74510 .35 
74511 .35 
74520 .35 
74540 .25 
74550 .25 
74S51 .45 
74564 .25 
74574 .40 
745112 .90 
745114 1.30 

LIN EARS, REGULATORS, etc. 
LM340T24 .95 LM320K5 17905! 1 .65 
LM340K12 2.15LM320K12 1.65 

LM320T5 1.65 LM340K15 1.25 
LM340K18 1.25LM320T12 1.65 
LM340K24 .95 LM320T15 1.65 
LM373 2.95 LM339 .95 

7805 (340T51 .95 LM380 .95 
LM340T12 1.00 LJ.:1709 18,14 PIN) .25 
LM340T15 1.00 LM711 .45 
LM340T18 1.00 

INTEGRATED CIRCUITS UNLIMITED 

7889 Clairemont Mesa Boulevard, San Diego, California 92111 

(7141 278-4394 (Ca lif. Res.} 

All orders shipped prepaid No minimum 

Open accounts invited COD orders accepted 

Discounts available at OEM Quant ities California Residents add 6% Sales Tax 

All IC's Prime/Guaranteed. All orders shipped same day received. 


24 Hour Toll Free Phone 1-800-854-2211 MasterCharge I BankAmericard I AE 


745133 .45 
745140 .75 
745151 .35 
745153 .35 
745157 .80 
745158 .35 
745194 1.05 
745257 18123) .25 

74L500 .35 
74L501 .35 
74L502 .35 
74LS04 .35 
74LS05 .45 
74LS08 .35 
74LS09 .35 
74LS10 .35 
74LS11 .35 
74LS20 .35 
74LS21 .25 
74LS22 .25 
74LS32 .40 
74LS37 .35 
74LS40 .45 
74LS42 1.10 
74LS51 .50 
74LS74 .65 
74LS86 .65 
74L590 .95 
74L593 .95 
74L5107 .85 
74L5123 1.00 
74L5151 .95 
74L5153 1.20 
74L5157 .85 
74L5164 1.90 
74L5367 .85 
74LS368 .85 

LM723 .50 
LM725 1.75 
LM739 1.50 
LM74J <8·141 .25 
LM747 1.10 
LM1307 1.25 
LM1458 .95 
LM3900 .50 
LM75451 .65 
NE555 .50 
NE556 .95 
NE565 .95 
NE566 1.75 
NE567 1.35 

SPECIAL 

DISCOUNTS 


Total Order Deduct 
$35 . $99 5% 

$100 . $300 10% 
$301 . $1000 15% 

$1000 - Up 20% 
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C Compiler Available for PDP-11, 
Planned for 8080 

A compiler for the structured pro· 
gramming language C is now available for 
the PDP-11, and an 8080 version of the 
compiler is expected in early 1978. 
Because of its structured, table driven 
design, the compiler can be easi ly modi­
fied to produce object code for a new 
computer, thereby ensuring a consistent 
definition of the C language from one 
implementation to another. The com· 
piler is said to generate code efficient 
enough to be used in real lime system 
programming environments. A combined 
tutorial and reference manual affords 
easy access to the C language. The pres­
ent compiler runs under the RSX oper­
ating system and is planned for other 
operating systems. It generates op ti· 
mlzed code for each mode l of the 
PDP-11 from the 11 /20 to the 11 /70. 
The compiler is availab le on a lease 
basis for $11 ,575 from Yourdon Inc, 
1133 Avenue of the Americas, New 
York NY 10036.• 

Learn BASIC from Your Computer 

This 6800 based package is designed 
to coach and prompt you to learn 
BASIC commands and programming 
techniques. Part I presents fundame ntal 
BASIC commands, while Parts II and Ill 
teach techniques of character string for­
matting, and reading and writing char· 
acters to cassette using BASIC and 
Ml KBUG. Each part is priced at $13 .95, 
with discounts for combinations o f the 
three parts. An introductory sampler 
package is also offered for $6.95. The 
packages are supplied on cassette using 
the "Kansas City" recording standard, 
which can be read by the Southwest 
Technical Products AC-30 interface, and 
will run on a 12 K byte 6800 sys­
tem. Contact Computerware Software 
Services, 830 First St, Encinitas CA 
92024 .• 

Cut.le 586 oo 1nqu1rv card . 

New Business Forms for 
Small Computers 

Computer forms designed for 
hobbyists and small systems users have 
been introduced by the Kcnmor Com· 
pany. Invoices, statements and other 
stock items made specifically for micro· 
computers are available in quantities of 
up to 5 ,000 sets. Company names or 
logos can be imprinted , and cus tom 
forms ca n a lso be supplied. The pro· 
duct line is aimed at small businesses, 
hobbyists, physicians, dentists, accoun· 
tants , etc, who wish to update their 
bil ling and record systems. 

Contact Kcnmor Corporation, 675 
Mc l ean Av, Yonkers NY 10704, or 
ca ll Roberta Fink at (914) 965 -3006. • 

Cir,clt• 587 011 1nqu1rv ca1cJ 

SOFTWARE 

Management Problem Solving Library 

Here's a library of programs for fi· 
nancial analysis complete with a two 
year updating service. Each program in 
the library is described in a user manual, 
and is said to be tested in a user environ· 
ment prior to distribution . Library 
updates are issued quarte rly and can be 
obtained for a nominal copying fee. The 
programs include present and future 
value problems, loan amortization prob· 
lems, depreciat ion schedules for various 
depreciation methods, a complete real 
estate investment package, a cash 
budgeting program, and an elementary 
float analysis of check clearing. Ver· 
sions are ava il ab le for M ITS Disk Ex­
tended BASIC and for North Star 
BASIC. The programs a re available 
from Business Computer Systems, 216 
Co llier Dr, Springfie ld IL 62704, 
(217) 787· 3448.• 

Circ le 58B on 1nqu1rv card. 

Editor Lets You Create New Commands 

ATE is an 8080 assembler, text 
editor and cassette opera ting system 
designed especially to run with the all 
purpose 10 board from Morrow's Micro· 
Stuff. The editor borrows features such 
as text addressing and programming of 
loops and subroutines of editing com· 
mands from classical text editors like 
QED and TECO. The assembler can 
handle programs larger than memory, 
can produce object code listings in any 
number b;ise, and allows editing of the 
object code. ATE rits in 4 K bytes and 
runs comfortably in 8 K bytes of pro· 
grammab le memory. Written by Gary 
Fitts, ATE is offered on a Kansas City 
standard cassette tape for $24.95 from 
Thinker Toys, 1201 10th St, Berkeley 
CA 94710, (415) 527 ·7548 .• 

C1rc le 589 on 1nuu1rv card . 
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Build Your Own Software System 

The System Kit is a collection In 
book form of 8080 assembly language 
program modules and narrative text 
describing module functions and inter· 
fac ing conventions (for parameter pass· 
ing and register a nd memory use). It 
consists o f building blocks for an oper· 
ati ng system, a runtime linker and a 
miniloader which enables you to con· 
struct a custom system of your own 
design. The modules are grouped lnto 
a nucleus and four surrounding layers 
or "shells." Functions provided by the 
modules include clock, 10 and console 
handling, memory and queue manage· 
ment, event processing and timeshared 
task scheduling, and similar operations. 
The System Kit is $50 from la Forge 
Enterprises, POB 410, Boalsburg PA 
16827, (717) 564-2440.• 

C11cte 592 on 1nqu1ry card. 

MIKADOS Adds Disassembler 

The Mini Instant Keyboard As· 
sembler, Debug and Operating System 
(MIKADOS) now includes a disassembler 
as well. The assembler translates 
assembly code directly to machine Ian· 
guage as it is entered, resolving jumps 
and relative branches, and the disas· 
sembler produces a pseudo assembly 
code listing of a machine language pro· 
gram in memory. Other features include 
setting and clearing of breakpoints and 
ASCII and hexadecimal 10. The disas· 
sembler is offered to existing Ml KA DOS 
users for $5. The whole package fits in 3 
K bytes of memory, comes with a 28 
page user manual and a 90 day limited 
warranty against bugS, and costs $17 .95 
from lnpro Micro Systems, POB 7776, 
Van NuysCA 91409 .• 

Circle 590 on 1nqu1ry card . 

DATE 

CHAft0£11 ANO PAYMENTS MACE 
AFTER THIS OATE WILL APPEAR 
OH YOUR NEXT STATEMENT. 

ACCOUNT..O. 

PLEASE DETACH HERE AHO RETURN UPPER POATlON WITH VOUA PAYMENT. 

YOUR CANCELLED CHECK IS YOUR RECEIPT , 
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~-------------------------------------__The Thinking Computer: Mind Inside 
Matter by Bertram Raphael. Artificial intel­
lig.ence, or Al, is th? branch of computer 
science concerned with making computers 
"smarter." It is a growing, vital field that is, 
unfortunately, the subject of much popular 
misunderstanding. The Thinking Computer: 
Mind Inside Matter is a lucid introduction to 
Al that does much to overcome this mis­
~nderstanding. With a minimum of technical 
Jargon, this book discusses the capabilities 
of modern digital computers and how they 
are being used· in contemporary Al research. 
It discusses the progress of Al. the goals, 
and the variety of current approaches to 
making the computer more intelligent. 
$S.95. 

_projects in Sight, Sound, & Sensation 
by Mitchell Waite, "Dedicated "to all space 
cowboys." Detailed theory and practice of 
seven fascinating amateur electronics proj­
ects, along with a complete and detailed ap­
pendix on how to make PC boards. The 
projects included in this book are: The 
Syntheshape, an art generator that can be 
used to generate innumerable complex and 
beautiful patterns on the screen of an oscil­
loscope. An electronic music box that will 
play over 3000 possible melodies when the 
lid is lifted. A way to control muscle tension 
explained in chapter 4. A muscle-wave bio­
feedback monitor can be used to achieve 
deep relaxation. The laser-light show "trans­
fers light into fascinating patterns in a dark­
ened room. Other projects include a Kirlian 
camera, a digital ESP machine, and neon­
light randomizer. $5.25. 

M1·nd 
Massagers 

BITSI,!roIn• 

_ _ The Great International Math On Keys 

Book, from Texas Instruments. Do you 
need a numerical algorithm for calculating 
exchange rates in a hotel on e foreign trip? 
Or figuring those mysterious "points" when 
facing the 1<1nctimonious charisma of a 
banker at mortgage time? This book is a 
compendium of simple explanations and 
step by step procedures for accomplishing 
numerical solutions to numerous com­
monly encountered situations in daily life. 
Each entry is characterized by a statement 
of the problem, incl ud ing the elements of 
theory required, and the keystrokes needed 
to solve the problem on an algebraic entry 
calculator. This is an Invaluable sourcebook 
of information for the person who is in­
clined to manipulate numbers. $4.95. 

-------------, 
- ·.- How to Solve Problems by Wayne A I 
W1ckelgren. When confron:ed by a p.roblem, I 
many of us spend more time puzzling over I 
how to solve it than in actually doing so. This I 
book analyzes and systematizes the basic 
methods of solving mathematical problems. I 
The methods are described in terms of a I 
modern th~ory ~erived f.ro~ research in I 
~omput?r s1mulat1on of think.mg. Examples I 
1llustrattng these methods include chess 
problems, logical puzzles, and railroad 
switching problems frequently encountered 
in science and engineering. Whether your in­
terest in solving problems is professional, 
recreational, or both, you will find this a 
helpful book. $6.50 softcover. 

__Chess Skill in Man and Machine edited 
by Peter W Frey. This is a most fascinating 
book, concerning itself with the when, how, I 
and why of computer chess. The when de­
scribes past ACM computer chess tourna­
ments, with the details of more than a doz­
en games. The how consists of the basics of 
both human chess skill and computer chess 
theory. It includes a detailed descr.iption of 
the best computer chess program to date 
(Northwestern University's CHESS 4 .5), an 
end game program called PEASANT, and of 
various search strategies and heuristic com­
puter chess theory which should enable one 
to write his own chess program. The book 
ends with the why concerning the contribu­
tions, now and in the future, of computer 
chess to understanding artificial intellig~nce, 
human intelligence, and learning. The only 
difficulty for the hobbyist's computer chess 
program is the need for a large computer for 
the fast processing of search strategies and 
large core storage for the program and its 
results. $14.80 hardcover. 

~--------------------------------------------------' 
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The Incredible ~~ BREAD BOARD ,.~~'::::;',~:,:, MICROPROCESSOR COMPONENTS 
8080A CPU $16.00 COP1802 CPU $19.95UJU!1PER_.'!~IRE KIT '~!':..'.:.',;•~·-"" "Pennywhlstle 103"~ 6212 8 Bil lnpu1/0ulput 4.95 MC6600 8811MPU 24.95ltll [Hdl HI f>tllt Q(r i l)f 

8214 Priority ln1errup1 Conuol 15.95 MC6820 Periph. Interlace Adap1e1 15.00 

4 

-	 USyll\$ilttiOl:'I ,
Wlr11t:ngll\ Is eiusmoo 6216 Si·Directional Bus D11ve1 6.95 MC6810API 128 x 8 Static RAM 6.00 

tr,c:olortlHllnQ 8224 Clocl: Gene rator/Driver 9.95 MC6830L8 1024 x 6 Bil ROM 15.00 $129.95 Kit Only~All1riilhlOlid~M11112'2 
8228 Syslem Con110ll01 Bus Dover 10.95 zeo CPU 29.95~wfU!M lrrn:lilliOn Tll•l't~ltl.dlt103 1sup.abloorr~frt0dJtl!CIM111lrumiludiot1P111'1tbout 

~ 114q, Qlml IN'tld In c;ICQ.I $peed f1!:1Lllretl'ltftl:l klr IN l!CCl'dlf ~ It d lttll till ~l'IJ3'lurtic11B di:rtdly 
·J K1 .. . .$10.00 I kit •mnwnil!nt pt:ulic bo.L ....Clttl'S '101 25E • ' 1 1.19 w.l!n atlQ!lltf rrmem and 111rnlnJ1 for tdt"'°rir " tgrrumng '" illtl(I COd\.'n!Jft~,.. .. RAMS 

rllBOA Si,;"'1 !001! t6.00 1HU SU11f '" larttllaut ln ~ion. iliS 1rft<1rctiioealad1uS1mttm111iJl1CnJ11i w1t~oon-llft'tGiGh. 
26'0 IBJJM.PIJ ,. .. 2102 10?J1\ SIM< 1tf. rUdtfl'r.Ji11blellllt$~SOCKET Mates with 1wo rows of .015" sq_ or 1101t~2llO 1096 • 1 0)"'1)ml( Omfr1n1mh1lo.Ml1tlod ••••.froq~·Shltt ICl!Jl!M). lliD-ouple:t [lglf~Ul!!!'JICl'IJU ' dla . posts on paUerns of .100· ?111 SI•< "-" 116 · • .&95 " seltcldlll). """' ,,., 	 15t.< St~IC 1 •9centers and sllielded receptacles. Mul1a..m DI~ A111 •••••••••••300 lb-n1oz.; Oyr.11r1< ._.,8101 01b f.onn•I ••• • • , •• _•• . ,. __ ,.A$yac1Vonou1 Sl!M l~LlrTI kl mir~ lrvct •Htinl'C!)Ptobe aa:ass holes in back. Choice Hl\ l181T 

SIU 

"" :oo '"" ,.. ,, ....JUMPERS 8111 SUI>< bafwnn NC:'- ~t1Df)2!119 ~1 406H ... ''"' 6"'of 6" or 18" length. "" f11e1 tn Cfu.nn1I fr1qr,i1tdn .••?W5 Kr &or ""1ct: 222S Hz lcu mm.. 

Pon No. No. ol Contacts length Price 


O~ 132IMISSR us 10 • ' s•1u 
21lO'Ml1l02 !0lJ•I s... rna111l1ai1nt11I f11iputiu _.S..,i:dl s8Ktllll!" low (l'lllr~I • 1070 ~-2S2-l ~·l~IC: ""' 	 '""" 	 .. 
: J10Q SUt< 1270 nQrll.. Hi4f'I • 02S SPICI. 222S mari , 

At"ln .SH1l'llrily •••••••••• ,, - 46 dbm lttO~~, ooupll!ll 
1$2~ 102l 0f!U!fll( 300 ,.,. " "'924003-18R 25 18" S 5.38 ea. 
l!i21 D\111 ~568Jt 934?1 ~~ t i '"' 
2S29 Ou ll Sl2 BIT I 00924003·06R 26 6' 4.78 ea. 1 TrinP!llU..1111 ......... ..... - IS 41bm nDll'Mlll A.d]inti.tlll rrorn - 6 lfbm
*'" :\~~1041: 11 ~~ ,& Pin ""ti914005·18R 40 18" B.27 ea. to - 2-DCl~1'!1 .1"1 0u1<1 eoen l ' PROWS lll1eelu Ht;cJtllCJ fe.l1r1111':1 ...fr111~!ncy f1t1J1n~ 1111orn1tttalt~ ad~u,ts tolSJJ 102J Su924005-06R 40 6" 7.33 ea. ,,., ,,. ,., li0?4 ,... S 99S 1lbillDr.gpe12lcinbttli1!tfl 1800Hzlnd2•00Hl924006-I BR so 1a· 10.3t ea. F411~ "' ,.., ''""" 01,11J.1 Olll lll&trfl~ ••• ' ••••••EIA l\S-232 C 1)11 :zo mA CIDTH'll kKY,I ,,~ ~ULS610 1&. -1 Rro ,,.. "" 10050 6" 1 ••. optDls®~ ina oon·polar) "'"' l rn.t,urUAArs '" ll$11J ,, .. """''"" "-tr fll.,t~mtllll ---·- · .... l:t\l V'1£. Wiolt Pt\ISf"_ 10W"1J 

RUM 'S 
AV-5--1 01) JCllli BM 1.is11: 10:'-l Sur.c: ;gs~JUMPER Solder 10 PC boards lor lnslanl '"" "Pini •........ , , •, .•••• , • •A11 compancnls 111oun1 an .1 slnylt s- !Ir 't'
U plug-In accoss via socket-conneclor '' "' "~ ... p.Wltd c:lrtbl bOMd All co:npon61li t.ocfujfd.
2!113(2UOJ Ch.a1 G~ •UPI* tut IUOii !.i' w... 19.H '''" 	 '")umpern ..025· Sq . POSIS . Choice ~llrt~ a\IOM, AvctiO ~tol. Frtctumcy tall11tf andlflr Osdflcseoot IO .altlJI:ZS131ll211 Chai Gin -IDWt1cau 9.!IS 2716 16X Eomm ,.,. " "' ol sualghl or nghl angle.HEADERS Clm Gtn .... 6301-1 10lt l n-SUt18ioo11t 1'9 
M"'230 2049 err (5121 4 onzsh11 .... 	 ,.,"" 	 6330 ·1 CkifnColltctot Boo~Pan No. No. o! Posis Ang lo Price NEW! BULB-ENERGY SAVER""9131!63-R 26 straighl S1.28 ea. CLOCK Clfln !llJLB·EN!RGY SAVERS ""d lor yeaB bySPECIAL REQUESTED ITEMS MM.s309 S99:S923873-R 26 rlOhl angle 1.52 ea. i , , .-' m1for lndus1rial users. - now mlta.ble rorFCM3617 $5 .00 lfCW .... 9368 HS M,,._5!11 ....,_,.9131l65·R 40 slraight t.94 ea . home or otric1: use. Bulb Sivers can CtJI 

923875-R 40 rlghl angle 2.30 ea . 
A'r'-3-MO:l· I ..... ICM11MS 2195 LDll0/111 25 ODf"I ...M..~S:l12 "" '"'' 
AY·S -9100 17_50 "" ,,. ICM1207 750 ..... 119S electrical bib by" moch .., 3%.MMSl14,,.22.00 	 MOQfllPA'l'·S·9100 l•.9!t 8197 too ICMnoo MMS316923666-R 50 sl<alghl 2.36 ea. BUIB·SAVERS lelt~lllens l~Bt llrt lrj: '"""' ,_,.
AV-.5-~ HD016S 7.0S 1CM720'l ,,,. ~1;44161 7.SO MMS3TI .'-" ... 1. Actlno as an elttlti~I "shod: ab·923876-R 50 righl anglo 2.82 ea . 
A'l' ·S-2316 l•'.·"9S MCM.6571 MIC50l40 ,,. ... MM.$.)69 2.os sorter". rums lhe blJPbon $10wfy, elimln•1·,_...,,. .... MCM6!174 "'°,,,. OSOOl&CH .... """-' 9..... M-~$8.tl 8Ulb tn1s 3 or Ing the ''thf!rm.al !hoct"'. 9ulb tile lncre.ases12$115 ZS.00 MCM6575 C17001"'-""ijlNTRA-CONNECTOR rno1111!1m1 lollQ'ef 300 percent ""' '""" ' fits St.andaro Socltl 2. Banishe$ C11rren1 "Su111es:" CusJilons 

6 watts to 200 wat'\s ISie YOltige surg~ wllCfl oltler loitds ev1
ProYid.s bolh st<aighl and righl angle funcllons . Maies 

with stand>rd .10" x .10" dual row conneaorn (i.e. 3m. Ainstey. F&11tur&d on February's Front Cover of Popular Electron/cs 
ere.) Permits quick tesling ol lnaccesslble lines . BES-1 s1.1:u. 1 1~·... f.".i:a1~ E••IV'I Coa•umplionMoUt 111Logic Analyzer KitPart No.: 922570·25 No . ol cont1cls: 26 Prlu $6.90 u . 

Model 100A 
1111 1 Ill.ii INTRA-SWITCH $229.00/kit ••••••••Permits lnslanl llne·by-llne swilthlng for dlagnoslic or OA 


1es1ing. Switches acluated wllh pencil or probe lip. Mates wilh 
 • Analyzes any 1ype ol d1g11a1sys1em 	 ····­
standard .Hr x .10· dual·row connectors. Low p1aflle design . • Checks data rates in eKC6S al 8 
Swllch bultons recessed 10 eliminate •ccldenllll switching . million words per second 

Pad No.: 15·26 H11 . ar con11 cu~ 26 Price Stl.80 n.. • Trouble sh001Til , CMOS. OTL. RTL. • Some ilppltcattons are 


Sc.ho t1ky and MOS lamihes - Trnubleshoolmg m1crop1ocessor 

- -r---~-.i ·. CRYSTALS - - -, '- • Oisplaysl6logicslalesup108d1g11Sw1de 3"dress. 1ns11uc1>on.and datallow
~

1'81. 	 • See ones and zeros displayed on your - Eumlne con1enis of ROMS 
- .:.:~ IK!SE FAEQUEHCl!S QHLY ~- CRT d . I I - Tracing operation ot conlrol loglc 
P1,, - Fr1ci1.11ncy C111/Styf1 PrT~•~ • TcsiS~~:! 1f; ~~~:r ~~::1 0~~:1'1no condilions - Checking coun ter and shill Slop WalchChi pOnly 17205) $19.95 

~~;: ;: ~~: ~~ •Easy 10 assemble - regls1er operai lon
~rn~ ~; comes with s1op-by-s1ep consuucilon _

• Bo;t1o1fi(hql1UDD1$1Uy 
• Tmts ta 59 m111111H !19 ~ SKOnds 
• Ctvs.utC01111ot1NflfTltBm 
1 f flrttSfoCNUtbtS nDrlt 
Titna SmiJIC blltt - SOkl .g la.,COI 

1 Sw•!i~ J21S- l 9G l'l)OUfKlHI 
• U5n3 Pwnhtl!Cdt 

Mii - $39.95 
Assembled - $49. 95 
Hoavy Duly Carry Caso S5 .95 

. --""" - Venfy•ng proper sys1em opera1lons 

~~: ;_: :: ~m~ ~ ;; IModel 100A Manual • 5495) dunno 1es1ing 


C"2A 10 OOOMK1 HCt3'1J S• .95 PARATRONICS TRIGGER EXPANDER . Model 10 Model 10 Kit. $229.00 • 

~:::: :: ~·~:,Hl ~~::~ ~ -;~ Md• tBaddltmnalblls. -dlglbl d~aylndqualiflca1lonol lnpU1 clocll ....,,,~ _ ,._., 

CY12A 1i) 000 MHI HCl!IU 5495 and24-lli1 lrlogerwont-CoontdSdi,.tllO MOdtl IOOAro1 ~ltgllltdunll) . !lod•ll "'"' 1_ 


CYJOB 32 .000 MHz HC111JU 5< 95 l""'!'! = 

lcv2 ot 2.oto MKt u s_..., 1-- ual"'"'= ="'"'= "'= -== "'=,.."fl0 - t,..ion - ntlor _ - equ. - ­ttCJ31 ""-n_,,.,.whlch lndudes 80 pages on 1DQlc.,,analyre' ...,,.,,ra .,....,,:--M-o-- -•ng_l/O-s- - -nces---I-,..31V:2 01~1~~p~ KIT 

= 1----------.,.-------ta;m -=:!'-	 II3V. 0 0lgll Pof11bloOMM
CONNECTORSPRINTED CIRCUIT EDGE-CARD : ";':,;:,~=., 100 MHz B-Digit Counter 

.156 Spacino·Tin ·Oouble Aead ·O u1 • ' ~tcrr:o•J.C00tt1i1bfl : ~:- ~~':s':Ranoe ' =::;n:~1·11o~U:::v~ • New Bipolar Unit • Aulo Polarity 
8durc.i1ed Contacts - Fils .05410 .070 P.C Cards : ::. ,t~':.11 Ollfnll'SOlll!IOn • ~t~~ llrh$l\I d!llQU 12 v w!lll •uto • Auto Zeroing • Low Power 

15130 PINS (Solder Eyelel) $1 .95 • °"'"'""- : .."""~""'""" :~:~,::,';.",::;""" • .5" LED • Single IC Unit 
18136 PINS !Solder Eyclel) $2.49 ~ : ~:,:;;=.,"" .l'.:~~~~~,,,,. MAX-100 $134.95 Model KB500 DPM Kil $49.00 
22/44 PINS (Soldeo Eyelell SZ.95 ~ ......, ocvo•••., · " ' .___,_- . 0 •00• ,.,. 	 Model 311D-5C-5V Power Kit $17.50 
50/100 PINS (Wire Wrap) $6.95 a • ~..··~:!;":'.... "' 	 JE700 
50/l OOA c. 1oos...i..1 PINS IWire Wrap) $6 .95 i-!__ . ot1M:c.<"n<•·•OOm.1 	 CLOCK 

25 PIN· D SUBMINATURE (RS232} ' "' ~:~·.~:~:'i'"" :":~-:0..;,:,::;,~'.:.,".;"i~":.::. 
2gm~ sci~~~T ~n~ Model_ BOO A~~::p•::·:~.28 sg.oo ACCESSORIES FOR MAX100: 	 :::;:~';;","~,~;"';'.'"~ ,;::',

599 95 frllottll1 Cll•rtlf Ellmlnalor M.llN 11111;nc11:¢1nrs.s rf'JdDUt •nil 1t1t 

~... moori1ln13 ho1&s CO"llct w.:11 toi: Rectiargeable uSt POWrr from ca1 b~u. ry Mod•l IOG - cu S:U5 11 o.i 2 ~ •IOvl M"'1 ~31 " tlClo. (ft(!SWITCHES 1e.,,, opetlllno 1nrJU B1H1rf11 BP·26 20.00 C•1rp r/fJlmlHtor 	 $16 95 
1·9 	 ID• "''""'"" CarrylngCue lC-21 7.50 ""'ov"' 1&ooot1ae - CAJu... 115 VAC KIT ONLY • 

JMT121 SPOI Oll-ott-<111 Sl.!IS $1<1 3 

JMT1'2J SPOT on·none-oin 1 21 PROTO CLIPS
CONTINENTAL SPECIALTIES • 	 HEXADECIMAL

lOGG Ll Jr.&T221 DP01 on·o!t-<111 2'5'" . 1.17 PROTO BOARD 6 Other CS Prolo Boards t4 PIN S4-SO ENCODER_19·KEY PAD 
$15.95 PBIOO - 4.5" x 6" S 19.95 16 PIN 4.75 

~ 	lsllb·mln;atwel JMT22'l OPOl us .... 
0 1	 0 

MP!:121 SPO T on-o rH11 12" SISl (6" long x 4" wl~•) PP88tl0021 : 57 :~... 4x _ 45:~" 3299__ 9955 24 PIN 8.50 	 • •BCOEF:, TOGGLE MPCl23 SPO r o~· nooe-on 1.1$ 1,JI 40 PIN 13. 75 	 • SMI Key
191tPrr11eo C11cu10 MPC22 1 DPOl Oll·O~ ·Otl 2"

MPC223 DP01 on -none-on 2.2S 1.6• ~::~! :: : ~~ ~ -~.. ~: :; DESIGN MATES 	 • 2 Optional Keys

• 	 1
P8203 ·9.75x6\lix2¥< 80.00 OMl · C~~~ .19~esigner 	 $10.95 each 

SPOl 	 mJinlJmell L9S 

~ 	PUStt BUTIGtt ~~~·~ SPOl mamentJry 1 9S 	 ~9~f75~x~6~\~~ 11~1~2~9.:95~ OM2 • Funclion Generator .,__________________"';1_:~=~~~~~.:::~-~~~jJll'-'-''"'L_EP8~2~03~A~· - ~ •~2~"' 	 litltlulltSPC1Wt1$1.1pplf)'" -	 s74.95 New 63 KEY KEYBOARD $29.95 
LOGIC MONITOR 	 OM3 - RC BridgeII 	 ,. $84.95 

PtJSH BUTIOPf MS102 DPST rnomeruryOjlen,..,., srsr momflllUIV CIOSlllf 3S ,.-rr 	 -~· " 

Ol PSWlfCH 200·1 1o1.11mll;i ,.....,, ,,.'"
206-• &11111d lp ...... 1.6'I SPS1 2DEl·8 UiS111'10ijl 215 2.15 "' '"""' 

~.... ... 
 1/16 VECTOR BOARD-:~-:-:-:·:·. 
O l" Ha ltSt11cln; P·Padtrfll Pr1uy .·.·::, 

l w •·• ....'"r'I No 

Ptmrouc 15AP«062XJU'.P ... ... 1.n .... 
Ui9P4'1062XXXP .... 11.00 3... 
Sll>«062WE .... .... 2.07 1.85 

GU.SS &4PU 06lWE ._.. I .SO ~.. "' '"""' 	 ~" l&ilP44062'NE ... 1700 ,.. •.5J 
169PJ4~ •.so 923 l .2S 

EPOX"t' GUSS 16M'44 062WICI .... 17.00 ... 6.1? """ 
CQF'ffJ\CL.AD 

INSTRUMENT/
CLOCK CASE 
111;ricUon molded unit. 
Comp1!!11!1 wM red beuit -- ----,\ 
4W'x(' x1 ·9/16". [

------ J$3 .95 ea. 

for DTL HTL TIL r CMO S Devi s . $74 .95 

=!3= OT PROTO STRIPS 
Ul tnlt 
0 1-595 
OM·90 
OT~7S 
OT ·478 
01 -JM 
OT ·JSS 
01 -16$ 
01 -llS 
OT ·SS 
OT -15 

1021 -A HOWARD AVE ., SAN CARLO S, CA. 94070 
PHONE ORDERS WELCOME - (415) 592-8097 

Advtirtl Nd Prtoe1 Good Thru March 

""~..
S!JO 
tiu~ $l11p 

lllJSWIQ 

bu~tlllO 

cOOHt 5.PSI lft,s 11 n~tr.1tnff to 

.,. 
,,. 1 c.nlp (tniCDdl!.S 16 ttril 11.1$ u . 

,., 
'"'.. 
10 

IN STOC K 
Jht. tc)'tloirclllUIUtH63~ · 

4nr or PC e A ~err J.Old 
mgllfrd plHK 1] ., I o.nt 
l.UIU.1'1'10::.l~ tlOJU 

t:naiou Chio rtJx.odn 811 Kml 1.14..95 • · 

-r-""', ....-- .J· 
~......,..! 

$9.95 Per Kil 
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• • 

-7400NTTL ­.SN14C0Jrt. I! Sln'472ft .li $N74160tt 12$ 
S!H401~ SNT.&1311 .J9 SH7•UGIN ..,_.,
SN7'42• SN 41~ .); SN'Nl!KH 

$H7.& 16.)NSN7A01'1 " " SH1•1~N1 _,... 
SN7•o.t~ SH7'1&lN 
S.1mW1 " $N7U9N SH1• 1&M4 .. " SH1•1tM "' "' 
SH140Mt " SN7C8Dff "",. SH,•166N 12$ 
Slf7407N " ..,..,. .. SH741G7ff 325 
SH1.4Dlllt SH148JH SH1417QIH 210 " 
SH1.iotH SI0'8SN ... SN71112N " 

,. 
,_,.

5H7•Hlff Srf7116H .Yi SHJ.llT.IH 
SHHlUt ",. Sn14NH SH74174H 

" 	 ""' 
SH7CUH Stf74f5H "" S.tf7411SH "".. 
SNU!l.lt ,. " .S.Y1..90N "' $N7•t\76N .79 
SNU14N $N70IH $N7.11 77N 19 
Stl1.tlfiN 

" ,," " SH7411'9N ,_., 
SN74UN SH149JN $H'H l80H " '"""" •• ,.,.. 5Hf,·10N " SH10-IH 19 SH74111N 
SIU..'?IN ,."' $N749SN ,. SN1'1S2H .. 

.79 SN1'114N 
S.!fU23N JI Slf7497N J 00 SN7'111SN "' 
SN1<1291 SH1'10Clf 1" 

SNH12N •• S.."i1•96H ,., 
Slf74111111H IS.00 

SNf4~N SN7U07N J9 SNH!UH 100 
SH1.t21H 	 " "' ,,JI S."74 1119!f .. SH7CIS5N ,.. 
$NU29ff SN74116N SH7'1SION 179 
SN14130H ,. SNWW( .J9 SH1.& 191N 
SN"l•JZN SN74122N SN14192H '"•• "' 
SH7431tt SN7Ut;JN SH741'3H" "50 .. 
SM1.f..l8N SH74 1~ff $H1419C.H I 1S 
5H7Cl91' " SH702'6H 60'° SN7410SN 
sm~ "21 SN74132H SN7.Wl;N I 00 
$NPU1# SH7·036H SHW91H 100 
SN1.tt2H s:m1rni1 SH74196N 115 
SHU4JH " SH7414:l'ff ,.,"' SN7419!1N 

.. 
" 

'".. " 
s.tm.c•rr " SN74143" S..'f1.C20)N '" " SH74l"'4H "' SN7.C1.SIN 119.,SH1USH 300 "' 
SIU"'46N 	 ".. M004Mil SHU179H 
SH1U7Pt 	 ... SH74141'H ,,."' SH74:>JJN ,_,,..SN'14MIN SHNl~N '00 SN742MH 100 
$NUSO!i S...'f7.C I~ SN7.C28SN 600 
5.!il.CS)N " SH70S1N '"19 SH74'6SH ,,

" ..SN74-!i.3N SN741S3N SH1.ll66H 75 
SN14S.U. " SN7Us.&N SH74J67N 
SN745!M 15 $H7415~ .. SH74368H "" "' 
SNICEi(I~· SN741!16N .. SN74.J90H " 

SN7093N '-" &;J,17.lll)N 	 ·" Sff74\S7N .. 22~" 
20%. OlsaMJnt !or 100 Combllled 7•oo·s 

CMOS 
co-	 CO<Sltl .,." Co.tOU ,,... MCI C!.62 .... 

23 CG<O<• COl"6 """"' " ,,.C1><0<1 
~ 119 MCU!.sl l50 

2S ., HCOO krin 
"'""' 	 '" COll>'t 1 l! 

CO<lm l•COO J9 
CO<BIO 
°"""' 	 ••., ~·""""' 	 ••Cll<MI 

,.~ 

to.co11 	 2:l " CO.cos:JC040U 14C10 
Cll«!ll " 74CU 303co- '" ..."' '"'" .." 
Cll«!t< 	 " Cl)<"' 7"'20 ., 
COIOIS '" Cl)<"'° '" 7'C30 ...

CO<Dlact).1016 	 .. "' 1.cec2 LIS 
com1 "' C040M " 74C1J ,,.,,, J9 

CCM011 	 99 74C74 llS,, '"'"" CO<ll10 " CIJ.40111 	 7•Ce9 4.00C0•071 "23CD•l»O 1.19 	 l .03,,, 	 C040nC040'11 	 74C93 2 00CtM076 •• """ 
C041m' 	 74C95 ?00co•oe1 "'"' ,....., .23" 74C107 1.25 
CD402'-t ."19 ,., 14C151 ,,.I 
CIMa?..5 7.IC15C 3.00 
'"'"' C04098 

,,_C1"409 1495 
MC144\0Cl)<"' 2'>" 74C1S7 >t5 

CQt.021 "" 74Clfi0 ,"MCl4411 1495 
CCMO?I 	 ".. HCIGIMCIU l !J '95 
Cll<02!I 	 14C163 , 03.. Y(;U$06 "" 
CO<llJO 74C ISC 
C0<035 74C173 

'" 	 MCl.t507 .." ," .. Cll<!04 '60 
co.is10CO<OIO 	 1•Cl9l '"... CO~Q.11 	 7•C195 21S "' 	 CO•S11 

.,. '" 
COI041 "'.. 	 150C0.1515 

CD-15111 """'" """' """' 
LM739'~ litLINEAR 

ll•'JG'H .,,.,..,, LM7'1CH l5 '"""" 	 "' 
LM30104 	 "l5 00401-12 12> lM741(N 31 

71 UWOl · H1 lM7•H~ll 
"' 

LM747H 	 19103 LM.340T· ll 125 ~· """'" '" _,., LM10N 
t.M307CN l5 lMJIOfl I 03 LMl46H " 

100 lt.t.lSICN ., LM7<1!1H "39 

LMJ401·2<1'"'°'" 	 60 II> 

'"""'" I 03 :61.m LM 1303H ..,..,..,., lM37DN lM 13G4H '"''*" "' 115 
lMl~'t,..,.,. 175 l.MJ7JN "''" 

LMl10CN I ll LMl 7TN • 03 LMlJ07N "" ..... '" L9' 
LM311PI LUila.DCN LM13S1N 
LMJ!IH LM.Jll!N 12$ UtlltON.. .. ,.. 
l~l11Jri 110 IMJllN LM14W~ 175 
LMl18CN LMl~S&CN119 "' .. 
l.MJI... !JI) 6 00 lM1"96N "" '""'" 
0020..:..s I )5 N(Sll)A l.MI~~ 171 
~M"J20tM1'1 Nill'JA 

"""" • 00 " 
lM1111N 195 

IMJ2Qtl( ·12 '" Ill N(5JIH 29' 
... 

LM2901N 
lM32Q9C•1S 11> N{Sl61 •oo u.tllll 150 
u.t.1>01 I 1>S •oo 

'03 .. 
lMl?O TS2 ""50" I JO LM390GH(l4011 49 
lMllCITI '" ""'°' """"" 

Nts~SV LM>JOSN 
lMJl'OT·U '" N!.>606 100 U<:J'°' 1.21"" 
LM320"1S '" NU61B 100 .......... 


I 00l"'31Gl •TI "' soo MCSSS&'J"ltd• 11S 

115 

lM7~NU.0101' ·2' "' 
L.Mlllil ~ .,, NBfi~N lM7!>34H " 71 '" ""'"' 11!318lMJ2.loN N!l6>CH '" ." 
Lt.IU!iN '"'.. NE567H....,..., '" 75451CN ••Ill "'"''° N!Sl>)V '" ll5 •I 1S.52CH "" l.Ml'OK'6 L..M703CN "' 
IMJAO(I 135 lM7""' IS4'3CH "" 

135 75-'S4CH 
LMl"CIK·IS LM71GH "19 ""19
LM3'{11M7 lM709N " " 

7S491t~; 
75"9?CN 

lMJ40K ·2' '" lM.713H 15 
IMJ.CI)( U '" W711PI' l9 .. 

IS49CCN " u.mot .~ 121 L.M.n3r4 llC41 .. "" 
1 15LMl-IOT-1 lM1J3H I " 00 RC.'195 

74L5t'O 

'""" 7'LSOl 
1USOI 

" 74LSOO
",. 
l5 7•LS76 

TTL ;:~:~ 
1.ns1&o.. 74lSll1 

'" 1.50 

'-" '"14LSC! 

"""' 741.SH) 
7<1lSll 
1~LS14 
ULS>! 
l.tlSi6 

"'-"' 7'LS21 
1•l.S:.O,....,, 
1'LS<O 

JS,. 
".. 

111,. 
"",.,,,.,,.,, 

14 l.Sll 
7•LSIS 
7.CLSM 

'"""° 7•LS91 
7-'LS'93,,...., 
1•LSH 
7•LSHn 
1J.LSI09 
7~1.5111 
14\5113 

175,.,
••...... 

1 50 
lll'l.. ..... 
'" 

7.CL$1~ 
7•1.5163 
74lS164 
7U.S l 7S 
74lSll1 
74lSlto 
1'1.S191 
7•LS19? 
UlS19J 
7•1.519-1 
7"lS1~ 
7•1.S253 

I '5 

'" '",., 
'" 2•0'.,,,, 
"'119.... 
l7S 

ULN '" 1.n.Srni 12> 1•t..Sa1 115 
1USU "' ULS!l& "' !•WED " / .. ts! , 
7"1..S5S 
l•IS73 
7.& LS7" 

" "•••• 
i•lSl:ll 
74lSll9 
7•lSm 

'" 125 
12.I 

7-41..$219 
m.5367 

''""' 7Al,S67Q 

79.... 
3.95 

BUGBOOK® WIRE·WRAP KIT - WK·2·W _.-----··. 
WRAP • STRIP • UNWRAP liQ~N~· 

• Tool !01 30 AWG Wi re .... ' 
• Roll ol 50 Ft . While or Blue30 AWG Wire ii~ 

0 11 .ao' ' • so pcs , ••ch r·. 2".J" & 4" tenglhs ­-1u=;1==0,~~,---------~.,=
t,,...11 ....,. ~ .. ....... WMHT~ pie-stripped wire. 

1 
•• «) . 

=~-::::..SE:""'.C:'....:E:r!:E $11.95 	 \ .··· 
;u;~~,;- m.66 - 7 WIRE WRAP TOOL WSU·30 
tt'* •. 111iar. ~n.~. nlff'I,_....._ ... ,... _.- WRAP• STRIP• UJIWRAP · S5.9!i 

WIRE WRAP WIRE - 30 AWG 
25h. mln. $1 .25 50h. $1.95 IOOh.$2.95 IOOOh ..$15.00 
SPfCIFY COLOR - White· Yollow · Red • Gmn • Bluo • B~ cic 

coomm ......... FOR OIGR<L ClOO" ,, ' ""' Woln ... '"' ''"'' 	 P~m• Sloc;k s' TEWART WARNER SJ"Clll 

f~11za recnniotn or nobtt~st Witrt bUIC tt:nmn bcNrlO IJila1J.11 ctoos lndlllkS 110\lblt ~ l)Vidn. buit Inventory CIHl'IRC:I Otter 

cJUt1dttil11CS o1 CilcU. ID!d11 ~. doc:t cnrnl):ln1M aru Wt!J Ind CO"Ml\IC9JOn lln $3.95 ':nw 1~~~ si~u ~~J'~&12 1~':.:!. 1f:u .~~ 
U.S ' CllJ . ll0° ' 41lJi . SW74fJ7 220 1900 !al.OJ SW7"83 150 31.CO 10000 


>cm .,., J.Crn 10/SI SNT416 220 1!100 l!ID.«I SW7486 2..20 llo:I t!IOOO
,_ 
'11 	 ..... 

1 44

llCll)O 11.c111 ""' SW7"7 1.211 1900 IS>OQ 5W7C91 350 ]100 300(1() 

0..1 

""' 	 ,_""'".. DISCRETE LEDS •11·~· 1.J> 11 CO J 00 SW14!)a l .SO JOO.W""°" '" ((.111 SW1'10 HX 31 o:I 


HO'"'tll
xcm ;u;m o._ •.'SI SWT-lll no 1!100 l!I0.00 SW7'95i 3!i0 JU(I ;.moo 

1110' .,. "' .1&r11:11 . XC!i!t! llSI .llH~' ll1- , 110 1400 ~4'i'A J! .00
5W7425 ll.HIJ J50 lXI OO 


llC22 ,., SIS• HI XC1'6 100'$11 11,.!VSO · Rl<l · ~SI SHl4'f1 150 12-CI) 11000 SW7•1m !i..90 f.6 00 e.5000
"" SW1.QO 	 I 50 12Q) 110.00 SW1410t 2.20 TiOO llliO.tDxcn Ht XCS26 >:;»& •JS•""" 	 "" "' SH1432 	 1-SO 1i.w 110.m SW7"'1m uo 1900 1a:iro..... •1SI0::11 	 """' ,,, l.(Sl5 ""' """' 41S! llCS'6 "'"" ,,,, $W1.&J1 I 50 IZ-Ol 110.00 ~1"'1CJ7 2."20 li.00 UI0.00xm "' VtiOA o......OrA"t;t 	 At.$5&' """' SW1431 	 I SO 1200 110.00 SW'lf l21 z.~ 19.CO 18000SSL·l2' lCC521li ·~· C<• llSI 1~::··
1

W~ I'"'" SW7440 	 120 soo eooo SWTo?'l 2..!il 1100 woo "'"' ''"' "" ''"'° 	 SW740 3SO 31 0> XO.IX! SW7414S .S!iD 51,00 500.00
SALE DISPLAY LEDS SALE 

"" 
SW1"4 3.50 3100 XllOO SW7"4150 6!0 li&.CCI eQ((J 

S\¥74.tj J ~ :u m :m.IXI swms1 1.so J1.00 XII oo 


r'OLJ.llTY Hl """ SW7U6 HO 31500 350.IXI SW1.& \SI 4,00 l&OO lSO..CQ
POl.J.Rln HT PlllCI 

MAN I .210 '"' Common C.tflOdl-otlflOt 79 SW1.CS0 I 20 9 IXI &0.00 $W74l56 .. 00 lti.00 lSO Cl)
~Mode ·,tll Mol.N 5680 560 
M.. 2 S17!io. Mllt1Htd JOO .... MAN 1110 C<imrnon Mod•·rtid·D.D .560 Ii SW74Sl 120 900 80.00 SW7C1IO 4.50 ..Cl 00 400.CO 
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Highlights from Creative Computing 

PUBLICATIONS 

New Catalog of Circuit Design Aids 

The 24 page Complete Bugworks 
catalog describes more than 1S5 circuit 
design and educational products. The 
contents Include solderless sockets, 
breadboards and accessories, plug in 
functional modules called "outboards," 
designer " breadboxes" which include 
power supplies, controls and displays, 
and the MMD-1 Mini -Micro Designer 
microcomputer development system. 
The hardware is supported by a set of 16 
texts including the popular Bugbook 
series of combined texts and lab 
manuals. The catalog is avail able from 
E & L Instruments Inc , 61 First St, 
Derby CT 06418, (203) 735-8774.• 

Citcle 616 on 1nou1ry cEJrd . 

Game Playing wlth BASIC 

This book includes over 60 comp ute r 
games and puzzles such as three-dimen­
sional Tic Tac Toe, Nim, Roulette: 
Go-Moku , and many others. The author 
describes the rules of each game and 
includes Illustrative flowcharts and dia­
grams. The last chapter contains 26 
games and puzzles for reader solution. 
Game Playing with BASIC, written by 
Donald D ~pencer, is avai lable pape r· 
bound for $6.9S from Hayden Book 
Company Inc, 50 Essex St, Rochelle 
Park NJ 07662, (201) 843-0550.• 

C11cll.!' 61 7 on 1n4un v co rd . 

Care and Feeding of Floppy Disks 

This free brochure offers suggestions 
for the safe handling and storage of 
floppy disks. The publisher manu· 
facturers a storage cabinet and indexing 
system for keeping track of a library 
of floppies, priced at $59.9S for a 
limited time. The brochure is avai lab le 
from Advance Access Group Inc , 10526 
W Cermak, Westchester IL 60153, (312) 
562-521 o.• 

Circle 618 on 1nqu 1'V c;1 rd. 
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Learn BASIC with This 

Self Instruct ion Course 


--. 


The EC-1100 course combines pro ­
grammed instruction text with practical 
demonstration programs an d practice 
problems to teach BASIC language 
formats, commands, statements and 
procedures. The course goes beyond 

. conventional BASIC texts to give the 
student an in troduction to the creative 
and problem solving aspects of pro­
gramming in BAS IC. The EC-11 00 
course is keyed to the Heath computer 
systems, but it could be a useful supple­
ment for other computers using BASIC. 
The course is priced at $29.95 and is 
further describee in a free catalog 
available from Heath Company, Dept 
3S0-4SO, Benton Harbor Ml 49022 .• 

Cir cle 621 on 1nl1uHy c:aal . 

Computer Store Survey 

Rates Manufacturers 


An opinion survey o f the nation 's 
computer stores rates the top 37 per­
sonal computer manufacturers on 17 
performance parameters su ch as delivery, 
packaging, warranty, pricing and relia­
bi lity. Prepared from questionnaires 
and telephone interviews covering 450 
stores, the survey also deals with busi ­
ness problems, trends, and market 

· characteristics as seen by store managers . 
For more information including prices, 
contact Im age Resource, 717 Lakefield 
Rd, Suite B, Westlake Village CA 91361, 
(80S) 495-6277. • 

How to Fix Your Own 
Cassette Recorder 

The Worl1bench Guide lO Tape Re­
corder Servicing shows you how to fi x 
problems witl1 portable cassette re­
corders, open reel tape decks and 8 track 
cartridge players. It covers topics such 
as how to disassemb le any machine in 
short order, how to make sense out of 
manufacturers ' specifications sheets, and 
how to pinpoint prob lems in tape trans­
port mechanisms. Written by G Howard 
Poteet, the book is $10.9S fro m Parke r 
Publishing Company Inc, West Nyack 
NY 10994.• 

This book contains a collection of 
articles, fiction, foolishness, puzzles, 
programs, computer games and reviews 
from the Volume 2 (1976) issues of 
Creative Computing magazine. During 
this period, home computers just began 
coming on the scene. This vol um e 
reflects the transition from minis and 
timesharing te rm inals to the new micro­
systems, although the diversity of the 
contents guarantees there will be some­
thing for just about everyone. 

15 new computer games are 
described with complete listings and 
sam pie runs for each; 67 pages are 
devoted to puzzles, problems, programs, 
and thi ngs to do with your computer or 
terminal. Frederik Pohl drops in for a 
visit a long with ten other Imagi native 
storytellers. The staggering diversity of 
this book makes it an ideal point from 
which to jump into the amazing world 
of recreational or educational comput­
ing. 

Th e Best of Creative Computing -
Volum e 2 is available for $9.95 post· 
paid from Creative Computing, Attn: 
Pame la, POB 789-M, Morristown NJ 
07960.• 

Cu clo a19 Oil 1nquuy cnr<l . 

Bookof~UMPS 

This new book describes appllca· 
tions of MUMPS, the Massachusetts 
General Hospital Uti lity Multiprogram· 
ming System. MUMPS is a powerful 
in terpretive langu age featuring text edit· 
ing and searching capabilities, a hier· 
archical file system, and a shared data 
base with mul t iple users, which has 
been used for many medical applica­
t ions . The 48 page Book of MUMPS 
lists 230 MU MPS application programs 
and 197 institutions which are using 
MUMPS. Information is also incl uded 
on the MUMPS Users' Group (MUG) 
and its application library , MUMPS 
vendors and other MUMPS publications. 
The book is $2 from the MUMPS Users' 
Group, 700 S Euclid Av, St Louis MO 
63110, (314) 454·3364.• 

Circle 6 20 on 1n qu1ry cmtl. 



TOUCH TON~ ENCODER KIT 

Simplicity itself to complete. No other parts required, no 
crystal required. The back of the touch pad has etched & 
drilled PC board and you solder the encoder chip to it. Add 
your own small speaker & 9 volt battery and you are done. 
A touch of the pad produces the proper tone signal from 
the speaker. We furnish schematic and instructions . 

SP-149-8 $12.95 

WIRE WRAP WI RE 

TEFZEL blue # 30 Reg. price 
$13.28/100 ft . Our price 100 ft $2.00 ; 
500 ft $7 .50. 

MULTI COLORED SPECTRA WIRE 
Footage 1O' 50' 100' 

8 Cond. #24 $2.50 9.00 15.00 
12 22 3.00 11.00 18.00 
14 22 3.50 13.00 21.00 
24 24 5.00 20.00 30.00 
29 22 7.50 28.00 45.00 

Great savings as these are about 1 /4 
book prices. Al I fresh & new. 

TOUCHTONE ENCODER CHIP LAMBDA POWER SUPPLIES 

Compatible wi th Bel l system, no cry· LM -D-12-0VP 12 volts DC 10 amp 
stal required. Ideal for repeaters & S60, LV -EE 5-0VP 5 VDC 74 Amp 
w/specs. $6 .00 575.00 

VIATRON CASSETTE 
DECKS 

The computer cassette deck alone 
$35. Set at Control boards for 
above $40. 

VIDEO DISPLAY from Viatron systems. Accepts 
composite video signals . 9 inch transistorized 
CCTV black & white CRT monitor. Ready to go, 
checked out. 115 volt AC 60 cycle. With circuit 
diagram. 

$75.00 

FAST CHARGE AA NICADS $1.25 each 

.: ·~--~~--- = -~ ~ 

;!p. ___ __ ,· 

I 


IR NIGHT VIEWER $199.00 

Custom made, complete with light source & viewer in one 
piece. Comes with carrying strap . Ready to operate with 6 
volt lantern battery . Guaranteed by the manufacturer. See in 
total darkness . Great for scientists, viewing nocturnal animals 
& birds, criminal investigation ... observe without being ob­
served, and a ball for just plain snooping!!!! Sorry to say but 
no shipments to Calif. (lens may vary slightly from pie) 

SPL-21 $199 .00 

Please add shipping cost on above. Minimum order $10 

FREE CATALOG NOW READY # SP-10 
P.O. Box 62, E. Lynn, Massachusetts 01904 
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Protect Circuit Boards with These 
Conductive BagsWbat's NewP 

Microprocessor Course on TY 

Gang Write Your EROMs With This Programmer 

The Model 16 gang programmer is 
capable of programming nearly one 

An instructional course in micro­
processors for industry, designed around 
the Micro-68 training computer, is now 
availab le in the form of 30 ha lf hour 
color video cassette sessions. The course 
was developed by Electronic Product 
Associates Inc In conj unction with 
Colorado State University. Cou rse mate­
rials include the textbook Understanding 
Microprocessors, the 6800 Programming 
Manual and System Design Reference 
Manual, the Micro-68 Lab Manual and 
Micro-68 User's Manual, and a course 
study guide . The cassette package may 
be purchased for $ 7060 including one 
Micro-68 computer trainer and one set 
of documentation, or it may be leased 
for as little as $875 and $140 for the 
computer trainer. Additional computer 
trainers are available at the discounted 
price of $533. A 30 minute preview tape 
may be rented for a week for $50. The 
course is available from tl1e university 
or from Electronic Product Associates 
Inc, 1157 Vega St, San Diego CA 92110, 
(714) 276-8911.• 

Circle 593 on 1nciu1rl{ card . 

million bytes of erasab le read only 
memory per hour. The unit simu l­
taneously programs 16 EROMs; includes 
a built in calibration mode; provides 
ROM continuity tests which detec t 
faul ts in memory, socket con nections, 
and programmer electronics; automati­
cally pretests the programme r voltages; 
and corn pu tes checksums to ensure 
the integrity of the programmed in­
formation. RS232C serial 10 al se lect­
anle data ra tes is included, and an 
Interac tive alphanumeric disp lay simpli· 
fies operation . The Model 16 measures 
8 by 13 by 23 inches (20.32 by 33.02 by 
58.42 cm), weig hs 38 pounds and costs 
$4800 from Data 1/0 Corp, POB 308, 
Issaquah WA 98027, (206) 455-3990 .• 

~11111 


CP302 Statfree Conductive Bags are 
made of electrically conductive non­
wovcn nylon material to protect MOS, 
CMOS and other sensitive electronic 
components from static electricity. The 
bags come in sizes from 5 by 8 inches 
(12.7 by 20.32 cm) to 10 by 18 inches 
(25.4 by 45.72 cm) and have a te nsile 
strength in excess of 7500 pounds per 
square inch. The manufacturer will 
imprint a company name and model 
number on the bags. Prices start at 
$21.50 per 100 bags, from Charleswater 
Products Inc, 3 Walnut ?ark, Welles ley 
MA 02181, (617) 237-5942 .• 

Circlt 596 on 1oqu1rv card . 

Dual Density Floppy Controller Chip 

Universal Emulator Features Flexible Assembler 

This Z-80 based development system 
combines a flexible assembler with a 
memory emu lation module to provide a 
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development system for any micro­
processor. The assembler can handle 
arbitrary instruction mnemonics in­
cluding mu ltibyLc op codes like those of 
the Z-80. The assemb ler's symbol table 
can be set up with the mnemonics for an 
SOSO, 6800, F8, etc, and programs for 
Lhe selected microprocessor can then be 
assembled. The system comes with a 
Z-80 processor, 32 K bytes of memory, 
4 K bytes of emulator memory, and a 
dua l drive floppy disk. An operating 
system, ed itor , asse mbler and utilities 
arc provided. Also included are up to 
four buffered con nectors which arc 
designed Lo plug into 2708 EROM 
sockets in the target system. Priced al 

$5 995, the emulator is availab le from 
M & E Associates, 10439 N Stel li ng Rd, 
Cupertino CA 95014. • 

C1fclc 595 on 1m1u11y c:: arci . 

The F D1781 floppy disk control ler 
and form atter chip is completely com­
patible with TTL and wi ll accommodate 
the interface systems of most disk manu ­
facturers. Its features inc lude automatic 
track seek with verification, selectab le 
track Lo track stepping, head settl ing 
and engage times, double buffering of 
data, and an 8 bit bidirectional bus 
in terface for communication with the 
computer . It provides data, data stro be 
and address ma rk 10 for reading and 
writing data and can hand le a variety 
of encoding and formatt ing methods. 
The FD1781 is avai lable from Western 
Digital Corp, 3128 Red Hi ll Av, Newport 
Beach CA 92663, (714) 557-3550.• 



• • ASCII KEYBOARD • 
With direct addressable interface to S-100 or other bus 


OR . .. COMPLETE VIDEO TERMINAL 

Can all be housed in attractive 

::~...,.~.-:- :-.-:~-:3 ~.,~-:5 6 7-.!e~n;c~lo!sure below 

FEATURES 

• 	 49 keys plus space bar, shift. and shift lock. 

• 	 Minimum 10 additional keys for control, lower case, 
system reset, etc. (some illuminated). 

• 	 Outputs TTL compatible. 

• 	 Keyboard interface is tri-state; address decoding 
capability eliminates need for external 1/0 board. 

• 	 Serial board (w/RS232 interface) or complete video 
terminal fits into cabinet under keyboard . 

• 	 Single supply voltage (plus 12V or plus 5Vl, less than 
150 mils drain. 

• 	 Excellent commercial quality (manufactured by Cherryl. 

• 	 Attractive, sturdy cabinet in simulated walnut and black 
vinyl . 

Through a fortunate purchase of·new and used surplus keyboards. coupled 
with some imaginative design, we are able to offer professional quality 110 
capabilities for any minicomputer system or for use as a stand-alone remote 
terminal. Simply add a video monitor lor convened TV sell and save at 
least 50% by buying one of the keyboard-video interface combinations 
described below. 

KEYBOARD ONLY ................... $ 44.95 
Above configured to serve as addressable input 

port with cable . . . . . . . . . . . . . . . . . . . . . . . . . . 54.95 
Above, as direct plug-in to the S-100 bus . . . . . . . . . 69.95 
Keyboard with serial board incl. R S232 interface . . . 84.95 

Keyboard with complete video terminal (adapted version of 
ESAT-100), 16x32 format - 2 pages, with serial interface 
from 300 to 9600 baud (conversion kit to 16x64 will be 
available), fu ll cursor control, kit.. . . 199.95 

Above, built and tested . . . . . . . . . . . . . . . . . . . . . . . 249.95 

9.._ B 

-· 

With 16x64 video board (adapted version of Xitex's SCT-100) 
upper and lower case, 128 characters, with both serial 
ASCII and BAUDOT capabilities, full X-Y cursor control, 
kit .. .. ... ' . ... ' ' . . ' . . ' . ... . ' .. - ... ' .. ' 249.00 

Above, built and tested . . . . . . . . . . . . . . . . . . . . . . . 299.95 

With 24 x 80 video board (adapted version of Dynabyte 57). 
upper and lower case, addressable cursor and block 
mode editing, built and tested . . . . . . . . . . . . . 399.95 

Above units are supplied as stand-alone units. For direct 
interface to system bus . . . . . . . . . . . . . . ADD $ 10.00 

When inte rfaced to an S-100 bus, video board can be in main cabinet 
for service convenience. Please specify use. 

Reconditioned 12-inch 14 MHz monitors ........ $ 109.95 
New monitors and modems available. 

Keyboards. without interface or case - available at greatly 
reduced prices. 

Above keyboards are used, in excellent condition. and 
are guaranteed for 90 days. Limited quantity of new units 
available - ADD $30.00 to any of above prices. 
Add $2.00 for handling, shipping, and insurance. 

Send for free 64-page catalog of other values. 

MiniMicroMart, Inc. 1618 James Street, Syracuse, N.Y. 13203 (315) 422-4467 
Circle 74 on inquiry cord. 



XOFF Junk Characters Forever 

Make Printed Circuit Boards 
with This Film 

. .. .-· :·.. 
...'· ·::.:.:,,:.~ .:· \ 

!~ .\. ,. -· ­
\ r 1 ' ~ • ' 

This film oan be used without 
cameras or chemicals to make printed 
circuit boards, component placement 
decals, front panel faces and similar 
patterns directly from a printed page 
as in a magazine construction article. A 
six step process is used to complete a 
transfer in less than 15 minutes. Prices 
for the film range from $5.49 for a 
small package of six 4 by 6 inch (10.16 
by 15.24 cm) pieces to $7.95 for a 
large package of three 9 by 12 inch 
(22.86 
Printed 
4034, H

by 30.48 cm) pieces, 
Circuit Products Co, 

elena MT 59601.• 

from 
POB 

Circle 598 on 1nq 1.1 1rv card . 

Wrap Your Own with These Rolls 

Industrial quality AWG30 wire wrap­
ping wire is now available in convenient 
50 foot rolls on 1 5/8 inch diameter 
spools. The wire comes in four colors, 
red, white , blue and yellow, from OK 
Machine and Tool Corp, 3455 Conner 
St, Bronx NY 10475, (212) 944-6600.• 

Clrde 599 on io<1 uirv card. 
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Hand Held Speech Synthesizer 

I 

The Phonic Mirror HandiVoice hand 
held speech synthesizer enables 
vocally impaired individuals to talk. 
The device produces phonemes rather 
than words and hence can articulate 
virtually any English word through some 
combination of phonemes. Two models 
of the synthesizer are available: the HC 
120 which features a numeric keyboard 
and liquid crystal display, similar to a 
pocket calculator, with vocabulary se­
lections made via three digit codes, 
designed for Individuals with lower 
motor skills and higher cognitive skills, 
and the HC 11 0, which features a touch 
sensitive display board with 128 stations 
representing words, pictures or symbols, 
designed for individuals with lower 
cognitive skills and higher motor skills. 
The synthesizer electronics 'were ori­
ginally developed for Industrial use by 
Votrax, a division of Federal Screw 
Works . Sold only after referral by a 
professional speech pathologist or thera­
pist, special education teacher or physi­
cian, the Phonic Mirror HandiVolce is 
manufactured by HC Electronics Inc, a 
division of American Hospital Supply 
Corp , . One American Plz, Evanston IL 
60201, (312) 866·4237.• 

CirCl!l 600 on inquiry ca1d. 

Radio Shack Offers the 8080A 

That old stalwart, the 8080A micro­
processor chip, can now be purchased in 
Radio Shack stores around the country 
as stock number 276-2510 (most likely 
In a bubble pack). The I00% prime 
ch ip is priced at $17.95. This fact like 
nothing else symbolizes the micro­
processor's penetration into the every­
day world of consumer electronics.• 

Circle 60l on inQu1rv card . 

This smart motor control allows a 
Teletype to print and punch paper tape 
without producing junk characters 
during an on-off cycle. The Model TR20 
is an external motor control with a six 
character storage capability that provides 
a 0.6 second delay for the Teletype 
motor to speed up and print. The unit 
mounts by magnet to the TeletYpe 
pedestal. It connects directly to the 
motor through a fuse plug device and 
does not interfere with the options 
panel. The Model TR20 features a by ­
pass switch to permit standard keyboard 
operation. An adjustable timer provides 
up to a 20 second turnoff delay. The 
unit is 6 by 3.5 by 3 inches (15 .2 by 8.9 
by 7.6 cm), weighs one pound and 
operates on 110 V current. 

The Model TR20 is guaranteed for 
two years and sells for $175 from Digital 
Laboratories, 600 Pleasant St, Water· 
town MA 02172, (617) 924·-1680.• 

Circle 602 on inquiry card . 

New TV Interface RF Modulator 
Handles Color and Sound 

The Pixle-Plexer Model PXP-4500 Is 
a special RF modulator for multlplex­
lng and interfacing color and luminance 
video signals plus audio to any TV set 
through the antenna terminals. Features 
include a 3.5 MHz color subcarrier oscil· 
lator and a 4.5 MHz audio subcarrler 
complete with varactor diode modulator 
for FM sound Insertion. The PXP-4500 
may be operated as a simple mono­
chrome character display or a multi· 
plexer plus modulator for color dlf· 
ference inputs and audio subcarrler 
signals. The device is built from a single 
integrated circuit on a 1.5 by 3 inch 
(3.81 by 7.62 cm) board with printed 
circuit RF coils. A single 15 V power 
supply (optionally - 12 V and 5 V) 
at 50 mA is required. The kit comes 
complete with assembly instructions 
and a data sheet on the integrated 
circuit. The PXP-4500 is $24.50 from 
computer stores nationwide or direct 
from the manufactu rer, ATV Research, 
13th and Broadway, Dakota City NB 
68731, (402) 987-3771.. 

Circle 603 on Inquiry card. 
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P.O. BO.X ~425 
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Logic Analyzer Plugs Into 
Altair (S-100) Bus 

inte rfaces to the Al tair (S· I 00) bus, 
monitoring 56 key bus signa ls witho u t 
the need for the numerous and unwieldy 
input probes associated with nondedi· 
cated instruments. Included in the 56 
signa ls are the address and data bus an d 
t he microprocessor status, interrupts and 
control signals. In addition to the 56 
dedicated signals, eight user defi ned 
signa ls interface to the plu g-in boafd 
through an optional flat ribbon assembly. 
The associa ted probe tips can be used 
with ball clips, wire wrap pins or inte­
grated circuit clips on any kind of equip­
ment. Triggering of up to 24 bits, display 
formatting and operationa l modes of 1hc 
logic analyzer are controlled from a 
small hand held pod co nnected to the 

plug in board through a ribbon cab le. 
Data "grabbed" from the Altair (S-100) 
b us or other signals are displayed as ones 
and zeroes on an ordinary oscilloscope 
co nn ected through the horizontal, verti­
cal and (optionally) blanking inputs. 
Signals can be captured and stored in the 
analyzer's 16 bit wide by 16 word deep 
data memory and d isplayed on the oscll· 
loscope as a se ries of eight truth tables, 
eac h 8 bits wide by 16 words deep. 
Data ca n also be formatced in10 hexa­
decimal and octal binary groupings. 
Other feat ures include automatic clock 
qualification and clock polarity se lectio n, 
and cho ice of pre or post trigger data 
acquisitio n. 

The Model 150 logic analyzer is 
available in kit form for $369 o r assem­
bled for $449, with an optional exrernal 
8 bi t probe se t for $9.95, from Para· 
tronics In c, 800 Charcot Av, San )ose 
CA 95131, (408) 263 -2252. • 

Cu cl • 624 on inquiry en rel. 

The Model 150 "Bus Grabber" logic 
ana lyzer electrica lly and mechanical ly 

New Probe for Capacitance Meter 

. 

-Etl> 

This chip probe for ECD Corp 
C-Meter expands the capability of Lhe 
ha nd he ld 3-1 /2 digit battery operated 
capacitance meter to functio n as a 
unique inexpensive portable measuring 

In Circuit Debugging for 

COSMAC Based Systems 


tool for chip capacitors. Costing $39, the 
chip probe consists of a pair of tweezers 
connected to a double banana plug by a 
small diameter coaxial cable. The probe 
plugs direcrly into the C-Meter's standard 
banana jack in put terminal. The cable 
capaci tance is cancel led by the C·Meter 
"offset adjus tment" loca ted on the front 
panel. Connection Lo the chip capacitor 
terminals is made simply by permitting 
the tweezer tines to touch the capacitor 
terminal ends. The probe is designed for 
use wi th chips whose termina l spaci ng is 
from 0.02 inches to 0.300 inches and 
wi th va lues greater than 0. 1 picofarads. 
The ECD C·Metcr, which features auto ­
rang ing, measures from 0.1 picofarads to 
200,000 m lcr.ofarads and automa ticall y 
in dicates the capacitor's value on its 
la rge LCD display. The C·Meter is $289 
from ECD Corp, 196 Broad ...,,ay, Cam · 
bridge MA 021 39. • 

The CDP 'l8S030 COSMAC Micro· 
monitor is a hardware and software de­
bugging tool which can be a ttached by 
means of a single cable connection to the 
system under test. Controlled by its own 
microprocessor ,. the device uses L11e 1802 
processor, power supply, clock, memory 
and other components of the system 
under tes1 to run a user program. The 
Micromonitor provides an extens ive set 
of debuggi ng faci lities, including 43 com· 
mands to examine and mod ify registers 
and memory, se t breakpoints based on 
flag lines, intcrru pts and memory re · 
ques ts, and run the program in fu ll 
speed, single instru ct ion or si ngle machi ne 
cyc le modes. Self-co nt , incd in an a ttache 
case, the Micromonitor includes a bui lt 
in keyboard, d is play and sta tus ind icator 
lights . It is priced at $1 6 00 in single 
quantilfes and is described in th e PD18 
brochure from RCA Solid State Divisio n, 
POB 3200, Somervil le N J 08876. • 

C1ri:h· G:n nn 1rH1Lu1 v c.-nfl. 

Millennium Arrives in Logic Analyze rs 

Th is d iagnostic tool is designed to 
allow technicians of limi ted sk ill to 
iso late component faults in micro· 
processor based products. The Micro­
system Analyzer combines signature 
analysis with a circuit emu lation to ease 
troubleshooting of comp lex products. 
An umbilical cord is plugged into the 
microprocessor socket of the sys tem 
u nd er test , and bit p atterns arc generated 
which cause predictable bit streams to 
appear at varioµs points in the system. 
The analyzer is designed for universal 
use, by incorporating one processor for 
operator interact ion funciions and a 
seco nd processor for functions related 
to the system under Lest. Operator int er­
ac tion is carried out through a function 
oriented keyboard an d a 20 character 
alphanumeric dis play. Test programs 
may be keyed into the uni t 's progra m· 
mable memory or stored in read only 
memory ch ips which can be plugged 
into the un it. The unit 's mother board 
and card cage provide room for optional 
expansion boards. Options inc lude a rea l 
time trace feature and an RS2 32 connec­
tion for remote use. The Microsystem 
Analy ze r is priced at $2475, while the 
signature ana lysis probe op lion is $495, 
from Millennium Systems Inc, 19020 
Pruneridge Av, Cupertino CA 95014, 
(408} 966·9109. • 
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.8" LED ALARM CLOCK 
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MIC"· l.C. Just add switches, AC Supply,
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......... . ,t. 
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Boards wilh Bus Patlern 

lor Sold•r DI Wlr• Wrap. 


MG10AEpoxy Glass 1116" 44 
pin con . spaced .156 list $72.00 
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FOR SALE : 4 K programmable memory printed 
circuit boards for 2 102 type memories land 
others). Brand new commercially made board5 
with plated thru holes and gold f inger>. I have 
about six extras to sell at 2 for $15. with diagram 
and edge connector. postpaid. money order please. 
Steve Kelley , g506 Peach St, Oakland CA 94603. 

16 BIT FREAKS: Interested in saving $50 on the 
new Texas lnstrumenu Tm 990/100m·1 16 bi t 
microcomputer module? ll is factory assembled 
and has programmable memory, Rom monitor, 
serial and parallel Interface, and fully buffered 
expansion bus. See photo on page 21 B in Septem· 
bor BYTE . For more information contact J E 
Brancheau. POB 67. Trenton Ml 48183. 

FOR SALE: IBM 5100 with APL , 48 K, serial 10. 
5103 prln1er, current IBM service contract. Was 
$18,450 new. A$king $16,950. Peter Goltra, Rt 2, 
Box 31 . Middleburg VA 22117, (7031 687-6976. 

FOR SALE : IMSAI 8080 with 4 K IMSAI pro· 
grammabte memory, 22 slot motherboard, IBM 
Selectric 10 writer. and REMEX high speed paper 
tape reader . $950. Jeffrey Berish, 1669 Wh itwood 
Ln, Apt 3, Campbell CA 95008, (408) 379·8278 
evenings. 

SOFTWARE : Exchange. North Star Disc Media 
Let's swap. Send SASE to HBR . P08 AF, Wood· 
bridge CT 06525. 

FOR SALE : HP·97 Calculator, $525, with box of 
pappr rolls and all fresh magnetic cards. Absolutely 
clean. 100% functional , still in warranty . Brewer 
Pedln, 4307 Wyncllff Dr. Richmond VA 23235, 
(8041 272·6291. 

FOR SALE: Microcomputer, Mostek FB, docu· 
mentati on, regulated (5 V, 2 A ; 12 V , 1 Al supply , 
RS232 to 20 mA circui t. In top condition. Make 
an offer . Paul Sn lgier. 360 Pleasant St, Raynham 
MA 02767, (6171822·1329 even.logs. 

WANTED: BYTE #2, October 1975. Wiii trade 
mint condition # 1, September 1975. or #13, 
September 1976, or pay cash . D Kenney, 82 Fifth 
Av, Westbury NY 11590, (516) 334·7362. 

FOR SALE : All issues of BYTE from September 
1976 to August 1977, except for December 1976. 
Best offer within one month after ad's appearance. 
Stephen Douglass, 348 Edgemeer Pl, Oberlin OH 
44074, 1216) 775-2492. 

I NEED HELPI I need schematics, eloctricel specs 
and operating or technical manual for u Fridon 
7102 Communications Terminal. I will buy the 
manuals or pay for copies. My terminaJ has two 
boards missing. Has anyone any extras? M Deen 
Klingler. POB 930, Rialto CA 92376. 

WI LL SWAP: Pentax Spotmatic single lens reflex 
camera whh b\Jilt·in automatic m etering, Pentax f : 
1.4 50 mm normal lens plus Sun 39.90 mm zoom 
lens for Altair 8800, IMSAI 8080, SwTPC 6800, 
or similar minicomputer. Roger T Steven,, 5301 
Rawlings Rd NE, Albuquerque NM B7111 . 

Rea<lers who have equlpmeru, software or orh11r i tems 
ro buv: sell or swap should send in a cl~arly rypad norice 
to rhar eff«L To be considlJrod for publication, 11n 11dvt!r­
tlsBmtmr should be clearly noncommercial. typed double 
spaced on plain white paper, and lnclvde comp/ere name 
at:d address informarlo,,. These notle!s are frH of charga 
and wJU be prlntad one rime only on B 1pac11 avallabltt 
basis. lnsertioni should bs limirsd to 100 words or less. 
Notices can btt tK:CBpred from individuals or bon11 fide 
computer uurs clubi only. We cJJn en{/ll!JB ;n no corres· 
pondfJnce on rhasB and your confirm11tion of placemenr 
it appt111ranct1 in an iuua al BYTE& 

PIBllM note th•t Ir may raka thrllt! or four months for 
an ad ro 11/JPt!llT In the m11gazin11.• 

FOR SALE : One fully assembled and fully opera· 
tional SOL·PC with SOLOS operating system. All 
documentation and software (BASIC, GAMEPAC 
II Included, $600. Contact A Coaies. 3508 SE 
Wash ington St, Portland OR 97214 . 

WANTED: Univac 0769·06 printer service manual 
containing exploded mech anical diagrams with 
part numbers, schema1ic of -06 drive and interface 
card. timing Information, etc . Will pay reasonable 
price or copy charge. Also want commercial cabi· 
net or enclosure for this machine, or exccpt lonal 
homemade one. Anyone out there in BYTE land 
have any of the above, or know of any? Leroy 
Lawler, 3101 Justin Wey, Concord CA 94520. 

PROM PROGRAMMING: From binary or llcxa· 
decimal paper tape : 1702A 1$41. 2708 1$81 . From 
hexadecimal or octal listing: 1702A 1$5). 2708 
1$161. You supply the PROM. I have a few 1702A 
PROMS available at $6 each . Quantity discounts 
on programming. 48 hour turnaround. HS Corbin, 
11 704 Ibsen Or, Rockville MO 20852, 13011 
881 ·7571 . 

FOR SALE : Oh io Scientific. OSI Challenger. wi th 
12 K fast programmable memory , 4408 vi deo 
board, 4306 cassette interface, 20 mil TTY port . 
Wi th extras: memory board, CPU board, 10 board, 
480 backplane, ASCII keyboard, lull manual set 
with all MOS manuals . Software includes: 8 K 
BASIC on cassette and paper tape (by Microsoft!. 
4 K mini8ASIC on cassette, OSI extended moni · 
tor. plus programs In BASI C. Much more. Take all 
for Sl 200 or call for separate pricing and more 
details. Just plug in TV or monitor and go. Will 
ship UPS in USA. Mark Gilger. 3306 S Maple , 
Rapid City SD 57701 , 16051342-4 190. 

WANTED: Information on IBM Model 11·C elec· 
tric typewriter. Also information on Clary Model 
DE600 computer. Steven D Swift. 15302 5th NE, 
Seattle WA 98155. 

1802: Instruction set summary for the 1802 
COSMAC, newly arranged in a compact, logical, 
typeset , 1 sheet format . Provides grea t aid for pro· 
gram writing and debugging, exceflen1 introduccion 
to what the 1802 can do !quite a lot!I . Available 
for $1 plus SASE. from Seth McEvoy, Box 268. 
E Lansing Ml 48823. Uses RCA's Instructions. 
operations and mnemonics. 

FOR SALE: SONEX touch·tone computer termi· 
nal, $350. J Herrault, 645 Bush, Apt 307 , San 
Francisco CA, 14151391·9439. 

FOR SALE: Litton, ABS 1210 decimal computer, 
drum memory 375 110 digit} words. System in· 
eludes processor, drum, console and parallel 10 
ASA 33. Price S1000 or offer. Roy, 8224 Calumet 
Av. Munster IN 46321 , 12191836·1222. 

FOR SALE : Two 8 K Solid State Music memory 
boards , 500 ns. static. plus spare ICs, all for $380. 
Color video recorder plus video camera and zoom 
lens , plus oxtra video cassettes; all for 5400. Larry 
Wrill>t. Box 7576, Manlo Park CA 94025. {4151 
854·5678. 

WANTED : 36 contact double sided PC board ex· 
tenders hotal 72 contacts). Con tact centers 0 .2 
Inch. Maximum card width 7·1/2 inches. preferable 
6 inches long. Also. Winchester Electronics MA E9 
9 pin roctangular plug connector or equivalent . 
Both for Burroughs Agent Sot. Gilber1 A Bosse. 
Box 185. Riviere au Renard, Quebec CANADA 
GOE 2AO, 14 18! 269-3256. 

FOR SALE : BYTE issues 1 thru 12, best offer. 
SwTPC CT·1024 TVT, complete with memory 
board and power supply, modified for 64 charac­
ters and scrolling, all ICs In sockets, lull documen· 
tation, $150 postpaid. A P Stumpf, Box 1603, 
Litchfield Park AZ 85340. 

FOR SALE : Must sell due to move into. rotten old 
house. Two TeletVpes 33ASR {paper tape reader 
and punch with keyboard/printed . Both have been 
used on IMSAI svstem . One has a Digital Equip· 
mant Corp I DECI PDP·B in terface installed. Regu­
lar TTY $675, PDP-8 In terlace TTY $725, plu• 
shipping one high-speed paper tape reader Oigl· 
tronics Model 2540. Can be used on two S· 100 
parallel ports. Has an Interface for a Da ta General 
Nova microcomputer. $900 plus ship ping, one Lear 
Siegler ADM·3 CRT terminal . Used regularly with 
IMSAI system. Upper and lower case option in· 
eluded. $775 plus shipping. One Anderson Jacob· 
son AJ84 i Selectrontc 1erminal. Used for hardcopy 
with IMSAI system. Uses ESCO encoding on key· 
board and Selectric printer. $950 plus shipping. 
Call or write : Ed Reich, 805 N Cleveland St. 
Arlington VA 22201.17031243-3131 avenlngs. 

FOR SALE : Oiablo HvtvP• II printer. Never 
used. 8 1 /2 inch pin feed platen, cover and bottom 
feed. Interlace to your 8080 or6800. $1399with· 
out power supply, $ 1 799 with power supply . 
Roger Gersonde. 3950 N 54 St, Milwaukee WI 
63216 , (4141 462-1582. 

FOR SALE : MCS 6502 residen t assembler/text 
editor IASSM/TEDI . ~yntax very similar to MOS 
Technology . Produces relocatable object code on 
tape or executable object in memory . Relocating 
loader program also provided. 17 commands and 
16 pseudo ops. User specifies memory area for texl 
file and symbol table, up to 10 characters per label. 
1 B error codes, supports two tape decks. CRT and 
keyboard and printer. Shipped preconfigu red for 
TIM based systems bul information is provided 10 
modify for others. Resides In less than 4 K lexclud· 
ing source file and symbol table) (0200·1200, 
0400· 1400, 1000·2000, 2000·3000, please spec· 
ify). Hexadecimal listing and operaror's manual, 
$25. C W Moser. 3239 Linda Dr, Winston·Salam 
NC 27106. 

WANTED : Speech Lab kit or assembled board and 
documentatiOn or manuals by themselves. State 
condition and price. H S Corbin. l 1704 Ibsen Dr, 
Rockville MD 20852. 1301 I B81 ·7571 . 

WANTED ; Information concerning the conversion 
of an SwTPC CT·1024 terminal to 64 characters 
per line. Contact John Burns, 25th Floor, 350 Park 
Av, New York 10022. 

WANTED : Plotter, drum or bed, any size, anv con· 
di ti on . Send complete description along with price 
ond/ or trade requ iremen ts to Mark Sproul, 1368 
Noah Rd, North Brunswick NJ 08902. 

FOR SALE : Hewlett·Packard Oymec Data Acqui· 
sition System. Model 2515A hill> speed digi tol 
scanner ; Model 291 i A guarded cross bar scanner; 
Model 29118 crossbar scanner control ; Modal 
2546A magnetic tape coupler: and Cook Model 
150. 7 track tape recorder . Above system, com· 
plete with manuals and rack , $300 . Hewlett& 
Packard Model 5275A Time Interval Coun1er. 
$70. Will deliver within 100 miles or you pay 
shipping. Donald Dorson. Gardner Rd, West 
Kingston RI 02892, {401 l 294.2190. 

IS THERE LIFE ON THIS PLANET? What hap. 
pened to Life tas ·we know itl? Life is the cellular 
automata developed by John Conway and de· 
scribed by Martin Gardner in Scientific American 
(I don't have the datesl . Lile is great fun, an intel· 
lectua1 pastime. and high powered math all rolled 
into one. The possibilities with Conway 's game are 
enough to keep you busy for a whi le, and. if this 
should pale, make up your ownl Conwoy chose the 
rules for his game; you can make your own . When 
you do this. you have acompletely new universe. 
In Li fe , the cells 1hat dernrmine the next genera­
tion are adjacent to 1he cell in Question . Tnev 
don' t have to be. life ls symmetrical . Try it some 
other way . Life is two·state. Make your own with 
four states, each represented by a different char­
acter (or color>. M ake an automata in Vllhich the 
nex.t generati on is based on the preceding two gen· 
orations, instead of one. Each change produces o 
new universe to be explored. Two needs exlst: 
people to create universes, and people to explore. 
I will serve as a Life clearln{#louse, and if interest 
is shown, create e flyer. If Interested, or you have 
any in formation on Conyv-~w·s game or other!., let 
me know. Contact me. Rick Coates, 3508 SE 
Washington St. Po,tland OR 97214. 
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S.O. SALES NEW 

AN EMPIRE IND. CO.S.D. SALES CO. 
P.O. BOX 288108 DALLAS, TEXAS 75228 

32K FOR $475 24K FOREXPANDORAM KIT
EXPANDABLE EPROM BOARD 

16K or 32K EPAOM $49.95 w/out EPROM 
Allows you to use either 2708's for 16K of 
Eprom or 2716's for 32K ol Eprom. 
KIT FEATURES: 
1. All address lines & data lines buffered . 
2. Quality plated through P.C. Board, In­

cluding solder mask and silk screen. 
3. Selectable wait states. 

MEMORY CAPACITY 
MEMORY AODRESSltlG 

MEMORY WAITE 
PROTECTION 

~~-I!~.~::..:.:; ~~"Ea: 
arlts and protection. Utlllzes 
DIP swllcnos . PC t>cwd o:>~ 
wit h to::.kela for 32K operation. 

~:!:61~a·~i,,:~: 

INTERFACE CAPABILITY 
c:on1rol . data illld addret! In· 
puts ut ilt Z'e$ low JMlW91'" 
5chollky devices. 

POWER REQUIREMENTS 
+ 8VDCmMADC 
+ 18VDC mMA DC 
-10VDC30MADC 

:. ~~~ti~!::bl~)~~:r;
Is provldnd wllh no wilt s1a1es 
or cycle steal Ing. requ lred . 

4. On board regulation provided'. 
5. All sockets provided w/board. 
WE CAN SUPPLY 450ns 2708's AT $11.95 
WHEN PURCHASED WITH BOARD. 

Buy an 5100.comPlltlbfe BK Ram Board and upgrade the sa.me tioatd to a moimum of 
32K In steps of BK at your opllon by mftfely purchasing more ram chips from S.O. 
S.lesl At •guaranteed price - Look •t tne ltwllures we h1\le bullt inlo the board . 

MEMORY ACCESS TIME 
15375"1 . 

Momory Cycle Time 11 500oa. 

16K FOR $259.00 SK FOR $151.00 

Z-80 CPU BOARD KIT ­ $139. NEW FROM S.D. 4K LOW POWER RAM KIT 
CHECK THE ADVANCED FEATURES OF OUR Z-80 
CPU BOARD: E•panded Ht ol IM lnstru<:llona. 8080A 
tohwllfe taPlbllily , cptraHon hom • single 5VOC power 
!luOPlv; 11w1y111001 on an M1 11111, lruti s)'nc gener11ed 
an card (1 ruJ plul fNture !), dynamic rerrah and NMI 
available. t l lhet 2MHZ or 'MHZ Opetation. Qual lly double 
11ded ot1red througl\ PC boatd: patll plu1 soc::keu1 priced 

"VERSAFLOPPY"TM KIT 
THE VERSATILE FLOPPY OISK CONTROLLER 

ONLY $149.00 

Fully Bulfered - on board 'fOulated - -
reduced pawer consumplion utilizing a . . 
~,:~~,!~.~~10, 1 ~~. ,~"~:1.~ a 
p1a1eo lhrough PC board . •Add S10. for • . 1 

• 

2'50ns PAM ope,al ion 
fat all IC'1. •AdO S10 HU• lot Z-80A chip wl'Hch allows 
4MHZ ooo<1t lon. Z-IOchlp •llfl M1nu1I ­ 29 95 

r-~~· .. -~ 
~ !!::.. - - · ­ • 

Low Cost Cassette 
Interface Kit 

·~ . l . , ,. _.l .....,,, • • lllllilllllJlllllllllr 
I _;,..... -~--· • 

'-hr,..: ftty ,., ,_.., K.C. ''""" 2100/ ltoo tu 
....... JOO lllillf, Tfl 1/0 C...,.t&Wt, ,..... Lia U.., 

... .. • • ll~-. ,... ' 
Fl> 1n1a.1 CHIP ALONE $39.95 

httl U ,.1111 ~ 1M I •J1 W.. C:.-C:W. 
c... 111rti.11, ........... 0.111"" ......... ... 
Mt .....fHld t9 P..C. Sta...... Stlldlf ..... ..... 
-.ttt "* " ...ui., ,,..... •11 .........._.
lll> 1•1oo......1o1 ...... 

$19.95 

6 DIGIT ALARM CLOCK KIT 
Features: Litronix dual 1/2" displays, Mostek 
50250 super clock chip , single l.C. segment 
driver , SCR dlgll drivers. K it Includes all ne­
cesaary parts (except case}. Xfmr optional. 
Eliminate the hassle. $l2 95AC XFMA - $1 .50 ea.. $3.50 • 

8KLOW POWER RAM -$159.95 
Fully ....,,bled Ind tooted . 

Nol a kit. lmul - Allalr - -S..100 Bua compatible, u1e1 .,& 
low - ttallc 21l02·500o• ~ • 

~~YQ~~~~l:.'od~~o:hul~ •• - . • 
bOlifd. fncJudlng aolder m•k. 8 
pee. d ip awltchet ror lddress 
M!OCI . 

DIGITAL LED READOUT 
THERMOMETER ­ $29.95 

Features : Lll ron ix dual 11~"' di11playa . ~ 
U5e5 Sll1(.0lo1 L0131 single chip CMOS 
AID converl8f' . KO Includes al1 necea· ;;:"e lr-. 
sary parla (excep1 case): AC Une eo'd 
and power supply included. 0-u9• F . 

Bowmer 4 Digit LED Readout Array 
Full 112" Lltronlx Jumbo Dual 

Digit LED Dl1play1 
4 JUMBO .50'' DIGITS ON ONE STICK! 
WITH COLONS & AM/PM INDICATOR 

DL 122. c.c. 53 
· 
95 

DL 728 - c.c. 
DL 721 8 C.A. DL 727 · C.A. 

99c $1 .29 

<:-+ MUSICAL HORN +<:> 
One lune supplied wUh each kit . Addltlon•I 1unes - S&.95 
Nth. Special tunes 1v1i l1blo. Standard tunes now available: ­
Oh.: le - Eyes of Teicu - On Wisconsin - Yankee Doodle 

~~;-A~;'-°::,;-C:1~n~:t~ry;j10A~~:::,rT~~: 
Deep In the Hearl of Texas - Boomer Sooner - Bridge ov9f' 
RI- Kwal . 
CAR & BOAT KIT HOME KIT Special Design 

Ul.M $29.90 CueS3. ~ 

Jumbo LED Car Clock Kit 
FEATURES: • ~ 
A. Bowmar Jumbo .5 Inch lf'O auay. · 
8 . MOSTEK - ~~ - Super clotk chip , ~~~•' •'!!. 
C. On bOatd preci, lon cry11t1I l ime bue . .. ..." '" 
0 . 12 or 24 nour RMI Time lorm11. ~ 
E. Petfeci ror cars, bo.lt1 , van1 , 1111c . 
F . PC board and oll pllls 11... CISCI) Inc . 

~c;"';F~~·~ $, .~· ~ $16.95 
-

* * * *SUPER FLOPPY SPECIAL* * * * .. 

2't L02 · SCIONS 8 l 11 so S. D. SALES. VERSAFLOPPY S·lOO CONTROLLER BOARD PLUS 
21 Ul2 · 250NS 811~ 9S 
21U - 0( SHUGART SA 400 FLOPPY DISK DRIVE INCLUDING CABLE fOR ONLY 
,101A -2!16 &1$4 00 
!1QJ - H< JS 

"95 

$479.00 
MK015 · 8K ., ..~ 
74Sl00 · 156 391 ............................,l"""!__'!"'"~!!"!"'!!"!!!~...~!"'""'!"l!"'""--........................-t 

MICAO·DIP $1.95 * *JOY STICKS* * Z·BO 
lffw-sw1002300 FOUR 100 K·OHMS Programming Manual 

CPU ' s TheW...ld 'aSmallOll POTS~ IN DEPTH DETAIL OF• Coded BCD Oual· ln·llne THE Z·BO CPU 

Z- 90 1nc:h1Coll'S ~l"l~I 29 91 2300 020s;6~,1-~Mount ld 1for . .. .;. . s.M6~';'if~sMJ'~~~~L1ea
l-90A 1n(h.1cJH m.anLti l 1 134 91 :z:m 120 eco •·2~ e ec ron c . $9.95
llOl!OACPUa BIT 
llOOllCPUSBIT ·~~._......eom,..•p• s•3•·•9•s._..._______________,......,.11"""~•t.._..............:g•a_m,..e.s""!""l!l'!"'".. 


RAMS 

PROMS 

l702A • Ill • l.5ua . .3.95 or t0/35. 
2708 · SK • 450111 ....... ... 14.95 
5%114 • 41l ....... ' .. ....... 7.95 
82$1H - Ill .. ............ 2.50 
27080 8K al1J11111CI 6S0ns .. . .. 9.95 

COUNTER CHIPS 

11111.50397 6 Dlall •l•psad timer . 8.95 
llll50250 Alarm clocll .. . ... . .4.99 
11111.50380 Alarm •hip ........2.95 
11111.50395 6 dl1ll 1p/dn. count. 12.95 
MK5002 4 dl1lt countor .. . , .. B.95 
lllK5021·C.I. cltlp SQ. roat . ... . 2.50 

• • llfs111con Rectifier Special 1N4007. • 
Thermistors 1.5K ohm . ... !5/$1.00 1 11mp 1000 PN. . , , . 10/Sl.OO 
Tantalum Caps 1 mfd. 20VOC Photocell Assortment .. . . 12/Sl.OO

P.C. Leeds .......... 15/$1.00 Plastic Readout Filters 
Flat Peck IC Assort. . .. ... 20/Sl.OO Amber . . .. . ... . ..•. . 6/$1.00 
Electrical Coll Disc C11p Assortment . . . .. 60/Sl.OO

13T Type C • lOT Type C 12/$1.00 P.C. Lead Diodes 
2 Transistor Audio ... . . .8/$1.00 1N4148 lN 914 . . . , .. .. 100/$2.00 

Trimmer Pots 1N4002-1A-100 PN , , . .40/$1.00
lOK. 20K, 25K, Mini .... 10/$1.00 MICA Trimmer 

Disc Caps For BypHs PC402 Miniature 
.01 mfa; • 100 WUDC 1.5·20 P.C. P.C. Mount . .4/$1.00
PC Leeds ... . ...... .40/$1 .00 Resistor Special 22 ohm 

New Camblon Jacks Carbon Comp. .. ... . . 25/Sl.OO 
Part #450.4352 . .ti Resistor Assortment 1/4 W 5% & 

• Gold Plated ....... . . 50/$1.00.., * 10% PC leads ... . .. 200/Sl.S<>lj 
CHOOSE $1. FREE MERCHANDISE FROM ASTERISK ITEMS ON EACH $15 ORDER 

$367.00 

~MICROPROCESSOR . 
CHIPS 

8212·110 port . . . .. ... .. 3.50 
8214 - P. l.C. , .. .. .. .. . t2.95 
8216 - Non lnwrt Buo . , , .. 4 .95 
8224 - Clock Gtn. .. . .. . . , .4.95 
8226 - Invert Bus . . . . . . . .. 3.95 
PIO for Z-410 . . . . ... .. . . . 14.95 
CTC for Z-410 ... . .. . , .. . . 14.95 
8228 S,.. Controfltr .... . ..8 .20 
8251 Proa. o:>mm. lntufact . . 10.95 
8255 P'DI· pnp, lnt1rfa.. . . . 13.50 
8820 Dual lint Rocr .. .. . , . . I.75 
8830 Dual lino Or. . .. . . .. . 1.75 
2513 Chor. Gtn. .. . . ... . .. . 7.50 
8838 Quad Bua. Racvr. . • .. .2.00 
74LSl38N - 1/8 docodor .. . ..99 
8T97·11ax Trl·Sllt1 Buffer . . . . 1.25 
1488/1489 RS232 . .. . ..... l.50 
Tll 16028 U1rt ........... .3.95 
TR 1863 Uart ...... .. ..... B.50 
FD 17718·1 ... .. ... . .. .. 39.95 

CMOS · · 

4001 19 
4002 19 
4011 19 
4013 32 
4016 32 
4017 95 
4020 97 
4022 97 
4024 ' 75 
4027 39 

4029 99 
4042 61 
4047 uo 
4049 35 
4069 23 
4071 19 
4078 17 

14518 1.10 
1'521 15 
14529 BS 

CALL IN YOUR BANKAMERICARD 
(VISA) OFJ MASTER CHARGE OR· THU Rnlcknts ull Collecl : 
OER IN ON OUR CONTINENTAL 
TOLL FREE WATTS LINE: 214/271-0022 
1-800-527-:WSO DEALER INOUIRtES INVITEOI 

NO COD's. TEXAS RESIDENTS ADO 
Slit, SALES TAX. ADD 5'4 OF ORDER.... FOR POSTAGE & HANDLING . OR· 
OERS UNOER $10. ADD 75c HANO· 
LING.FOREIGN ORDERS - U. S. 
FUNDSONLYI 
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To tJL't f1,rthrr infotmuflon cm thr prcuJorH ud•'erf/'ied In B YTl, fl/I 0111 tile reader 
fOt•n•h,1· cure/ with •fmt ''""''' umJ uddr€SS. TIH•11 circ lt Ou• flPPrupriute ntJmbc:r" for 1h~ 
u1,ki:rriw1i. yo11 ~t-ICC'l rtvm th!, list. Add ti I Jce11 1 m1mp 10 111 ..- cord, 1he11 drov I t In tht.• 
m oil. Nm r,m/;1 th> ) IO!J r}tJirl infonnurion, bul our utlvcrti:ic.·ts utc t..•n couruged to use tllt 
murk'-•11tlon: µ;w•icl rd by B YJ'f . This helps tJ{ bring y uu a Mgger OYTt.. • Correspond dlrtclly with compony . 

Inquiry No. Page No. Inquiry No. Page No. Inquiry No. Page No. 

1 AAA Chicago Computer Center 195 46 Charles Floto 193 90 Parasitic Engineering 7 
2 Alpha Digital 142 48 Forethought Products 167 91 PerCom Data 131 
3 American Technologies 193 140 Galileo 161 92 Peripheral Vision 99 
4 Anderson Jacobson 19 49 Gallagher Research Inc (GRI) 155 93 Personal Software 118 
5 Apple Computer 16, 17, 119 50 Hamamatsu Corp 21 94 Pertee 26, 27 
6 Atwood Enterprises 197 51 DC Hayes 106 95 Phone I 139 

136 AVR Electronics 193 52 Heath 34, 57, CIV • PolyMorphic Systems 25 
7 Barnes Electronics 193 53 Heuristics 51 96 Poly Paks 219 
8 Benson & Costello 171 54 Hobby World 207 97 Priority I 221 
9 Berg Publications 172 • IEEE Computer Society 144, 145 98 . Processor Technology 14, 15, 41 

10 BITS lnc.125, 132.146, 147, 150, 211 55 IMSAI 91, Clll 120 Professional Data 159 
11 Burroughs Inc 151 56 Integral Data Systems 69 99 Rotundra Cybernetics 195 
12 California Applied Technology 195 57 Integrated Circuits Un limited 209 100 Scelbi 28, 29 
13 Cal i forn ia Industrial 201 58 International Data Systems 137 101 Scelbi/BYTE Primer 157 .
14 Canada Systems 167 60 James Electron ics 212, 213 Scientific Research 4 7, 95 
15 Carterfone 93 47 John Fluke Manufacturing 65 102 SD Sales 223 
16 Central Data 97 61 LE Labs 195 103 Michael Shrayer Software 109 
17 Cen tronics 49 62 Lear Siegler 61 104 Silver Spur 195 
18 Century Data Products 108 63 Logical Services 138 105 Ed Smith ' s Software 173 
19 CMC Marketing 63 64 McGraw Hill Books 45 106 Smoke Signal Broadcasting 107 
20 Component Sales 140 65 Meca 123 107 Software Exchange 159 
21 Comptronics 1141 66 Meshna 215 108 Software Records 169 
22 Computalker 75 • Micro Business 78163 110 Solid State Sales 169 

137 Computer Components 202 67 Micro-Com 193 111 Solid State Time 170 
23 Computer Corner 193 69 Micronics 108 112 Soroc 5 
24 Computer Data Systems 103 70 Micropolis 110 113 Southwest Technical Products Cl I 
25 Computer Depot 126 139 Micropol is 111 114 Space Byte 59 
26 Computer Enterprises 102 71 Microware 141 115 Space, the Final Frontier 93 
27 Computer Hardware Store 195 72 Midwestern Sc ientific Instruments 121 116 Structured SystefT's Group 149 
33 Computerland 128, 129 73 Mikos 200 117 Summagraphics 130 
28 Computer Mart of NH 195 74 Mini Micro Mart 148, 217 118 Sybex 199 

122 Computer Stop 195 75 Mountain Hardware 43 119 Synchro Sound 101, 143 
30 Computer Systems Store 194 76 mpi 136 121 Tarbell 11 
32 Computer Transceiver 133 77 MSD 79 123 Technical Design Labs 87 
34 Cromemco 1 , 2 78 Mui ti Micro Media Corp 106 124 Technical Systems Consultants 67 · 
15 Dal Data Inc 93 79 National Digital Diagnost ic 195 19 TEI 63 
35 Data Search 136 80 National Multiplex 115 125 Telecommunicaticns Service 193 
37 Digital Group 55 81 NCC 78 135 126 Texas Instruments 13 
38 Digital Micro Systems 173 82 Netronics 134 127 Trace Electronics 77 
39 Digital Research 117 83 North Star Computer 23, 31 128 Vector Electronics 104 .
135 Digital Research Corp 203 Ohio Scient ific 36 , 37, 38, 39 129 Vector Graphic 33 
40 Disc 3 194 84 OK Machine & Tool 70, 71 130 Vista Computers 112, 113 
41 Dynabyte 72, 73 85 Oliver Advanced Engineering 54 131 West Coast Computer Faire 165 
42 Electroiabs 197 86 Osborne & Associates 105 132 Worldwide Electronics 194 
43 Electronic Control Tech 100 87 Owens Associates 193 133 Xitex 100 
44 Electronic Systems 205 88 Pacif ic Office Systems 202 138 Xybek 171 
45 Electronic Warehouse 198 89 PAIA Electronics 155 134 Yestronics 193 

HG-

Article No. ARTICLE PAGE Rampil Out-BOMBs Star Trek 

Critchfield-Dwyar-Lederer: A Two Computer Music System 8 For December 
2 Helmers: An Apple to Byte 18 
3 Raskin: The Microcomputer and the Pipe Organ 56 For the December 1977 BYTE, author 
4 Kent: The Brains of Men and Machines: Part 3 74 Ira Rampil receives a BOMB bonus check of 
5 
6 
7 
8 
9 

10 
11 

Ciarcia : Program Your Next EROM in BASIC 
Fylstra: User's Report: The PET 2001 
Wilber: CIE Net: Part 2: Protocols 
Jennings: Microchess 1.5 versus Dark Horse 

84 
114 
152 
166 

Millan: Take a Course in Microprogramming 168 
Olson: Controlling the Real World 174 
Hughes: Interfacing the Sykes OEM Floppy Disk Kit to a Computer 178 

$100 for first place for "A Floppy Dis k 
Tutorial , " page 24, and authors Kurt J 
Schmucker and Robert M Tarr receive 
a bonus of $50 for their second place 
articl e, "The Computers of Star Tre k," 
page 12. See page 27 for how BOMB card 

12 Holman : Get On at the Right Address 185 ratings are scored. Fill in the card opposite 
13 Castleman: The Intelligent Memory Block 186 this page; BYTE's editors read each one.• 
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IMSAI Introduces 
theVDP-80 

nt il now. owning real compu t ing power mea nt paying 
unrea l prices. An nounci ng th e IMSA I VDP-80 Video Da ta 
Processor. a com plete compute r. in tel lige nt te rm inal and 
mcgab te fl oppy d isk mass sto rage system . Al l in o ne 
com pact ca bine t. All fo r just $5995!' A co mpl ete de. k top 
DP center. 

For sma ll busi ness app lica tions. the VDP-80 places a 
stand-a lone computer at your fi ngert ips. And. our full line 
o f add-o n periph era l , as ures that the system can be 
ex panded as your needs do. 

For the la rge busine user, with an ex is ting cen tra l 
mainfra me, the VDP-80 is th e ultima te remote processo r. 
You ha ve th e advantage of powerfu l loca l processing 
capability. plus th e epitome in cost-e lfectiveness fo r 
implementi ng a di tribu ted da ta communica tio n ne two rk . 

Ta ke a clo e look a t the fo ll owing fea tures. Then you' ll 
know why we ca ll our VDP-80 the desk top DP cente r. 

D Powerful , High-Speed, Central Processor. 3 mH z 
Intel 8085 micro processor. 32 K RA M memory (ex pand a ble 
to 196K). Pa ra lle l and seri al 1/0. Asynch, synch and 
bisyneh communica tion:.. Programma ble baud rates 
(.05-56 KB). 

D Megabyt.e Mass Storage. Pe rSci dua l floppy, do uble 
densi ty di sk drive stand a rd . One mi ll ion byte stora ge 
ca pacity. T hree fl oppy disk drives can be added-on. 
providing 4 milli on bytes of on-line storage. 

D Drives Printers, Plotters, Terminal , Modems and 
Tape Drives. Supports up to six termi na ls or modem s. a nd 
fo ur tape dri ves. Drives plotters. serial printers and line 
printers (up to 300 lpm). 

Ci rcle 55 on inqu iry card. 

D 12"CRT, 24x80 Field, User Programmable Fon I. 
Character and line insert / del e te a llows fa st progra m 
co rrec tion a nd text edi ting. Inverse video and progra mmable 
fie ld a llows highlighting or enlargi ng graphics of informa­
tion dis pl ay. T itl ed fi elds p ro tec t in fo rma tion blocks fro m 
be ing written ove r accidentally. Programm a ble fo nt (up to 
256 different cha racters) allows foreign language and specia l 
purpose cha ract er fo rm . 

D Alphanume ric Intelli gent Keyboard. 62- pad ma in 
keyboa rd . Programmable 12-pad numeric key board . 12- pad 
co nt rol key board . Standard typewrit er and calcula tor 
keyboa rd layouts. " N" key rol l over reduces opera to r e rro r 
du ring hi gh-speed da ta entry. 

D Commercial BASIC, FORT RAN IV, DOS Software. 
Bui lt-in ROM mo ni to r a llows ex tensive debugging and 
<liagnos iic . BA I . inte ractive or compil er version. 
FORTRAN IV level 2 ANS I compiler. DO ­
en hanced C P/ M.** 

Distributed processing, fin a ncial reporting a nd analysis, 
wo rd processing. wh a tever yo ur app lication. the VDP-80 is 
yo ur answer. 

Dia l (415) 483-2093, and we' ll te ll you how you can put 
our $5995* DP Center on your desk top. When ii comes to 
small bus iness computers, Just Ask IMSAI. 

"Hase price VDP-80/ 1000. 55995. wi1h .32K RA~·1 memory anJ du:il doubk density floppy 
disk d ri\·c. U.S. Domcslic Price Only. Features nnd pric~ suhjcc110 c hn n~c \\·i1ho u1 no ci1;c. 

••CPI M is a 1raJemark or Digi1al Research Corporation. 

Q)

\ 

IMSAI Manufacturing Corporat ion 
14860 Wicks Blvd. 
San Leandro, CA 94577 

The Standard of Excellence (415) 483-2093 TWX 910-366· 7287 
In Microcomputer Systems 



This 8-bil 111achine, 
by itself, is as versatile 

as a lot of syste111s 
lhat include peripherals 

ur,,,.-:-wR:­ • 


Be sure to use coupon on 
page 34 of this magazine 

to order your FREE 
Heathkit Catalog! 

Responding to simple instructions 
the •intelligent" panel displays 
memory and register contents. lets 
you inspect and alter them even 
during operation. And for greater 
understanding, the front panel 
permits you to execute programs a 
single instruction at a time. The 
result is a powerful, flexible learn­
ing tool that actually lets you "see" 
and confirm each detail of HB's 
inner workings. 
If you need further evidence, con­
sider the fact that HB's system 

orientation allows you an almost 
unlimited opportunity for growth. 

Memory is fully expandable, the 
8080A CPU extremely versatile, 
and with the addition of high speed 
serial and parallel interfacing 
you gain the added flexibility of 
1/0 operation with tape, CRI' con­
soles, paper tape reader/punches, 
and soon floppy disk systems! 

The HS offers superior documen­
tation including complete step-by. 
step assembly and operation 
manuals, is backed by 54 years of 
Heath mliability, and comes 
complete with BASIC, assembler, 
editor, and debug softWare ­
others charge ovmr $60.fiJJJ 

System Engineered 
for Personal Comput ing 

Ci rcle 52 on inqu iry card. 
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