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Why a Pipe Organ? In addition to the hardware, there are

three software packages. The first is a
graphics music editor that allows a com-
poser to '‘draw’’ his score on a graphics
display terminal. The editor converts the

Joffrey H Lederer

Tom Dwyer

Margot Critchfield
Proiect Solo

University of Pittsburgh
Pittsburgh PA 15260

The system described here is general
enocugh to apply to a variety of musical
instruments. [t 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 ranks
are selected by pressing switches called stop
tablets, so that an organist is able to contro}
an entire ‘‘orchestra’ of sounds by using
different stop settings. Further, since most
pipe organs have several keyboards (often
including one for the feet), the ranks can be
played independently. Thus both chorded
{several notes played simultaneously) and
contrapuntal (independent melody lines
played simultaneously) music can be played
on one or more keyboards.

The organ is also the original “synthetic
music’” instrument. This is because a per-
former can add harmonics to fundamental
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 eight 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 uses two microcompu-
ters {an Altair 8800b system and an Intellec
8/MOD 80), a small pipe organ, and a

graphic 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 “compiled.” Our compiler
is a program that accepts MUSIC fanguage
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-
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Magnavox plasma display graphics terminal.
Figure 1 shows how these components are
interconnhected.

Figure 1: 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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MUSIC Language

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

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

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

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

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

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

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

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

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

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

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

Continued on page 48



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

T1 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 T1's new
Management and Technology
Center for Consumer Products
in Lubbock, Texas. Located in
the high, dry, and cool plains
of West Texas, Lubbock is
about halfway between Dallas
and Albuquerque. It is the

home of Texas Tech University.

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

Make your career opportuni-
ties in the following areas:

Personal Computer
Product Marketing Manager
Responsible for establishing
distribution channels for
personal computer products,
developing advertising and
sales promotion programs,
training, quoting and providing
market requirements for new
products and software.
Requires BS in EE, math,
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 andjor 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 conecept 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. o

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

TEXAS INSTRUMENTS

Circle 126 on inguiry card.

INCORPORATED
An equal opporitunity employer M/F
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Taebte 1: Summary of
the Apple Il 5 K BASIC
interpreter,

The Processor

As documented by its designer Stephen
Wozniak in the May 1977 BYTE, the design
of the Apple Il 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: DM statement sets length other than default, from 1 to 255 characters

per string.

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

Statements:

CALL

DIMm

DSP

END

FOR ...=...TO ...STEP...
Gosus

GOTO

IF ... THEN ...

INPUT

IN#

LET ...=(LET opticonal}
LIST

Graphic Statemaents:

COLOR=
GR

Operators:
+
NOT
t (exponentiate)

/
MOD

Functions:

ABS
ASC
LEN
POL

Other features:

NEXT
NO DSP
NO TRACE
POKE

POP
PRINT
PR#

REM
RETURN
TAB
TEXT
TRACE
VTAB

HLIN
PLOT
VLIN

#or<>
<

>

<=
=
AND
OR

PEEK
RND
SCRN
SGN

Branch addresses in GOSUB and GOTO and CALL can be any arbitrary numeric
expressian 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, ete,

Other Faatures: Interprater Control

AUTO

CLR

CON {ar control C)
DEL

DSP

HIMEM

GOTO

GR

LIST
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LOAD
LOMEM
MAN

NEW

NO DSP
NO TRACE
RUN
SAVE
TEXT
TRACE

crystal oscillator. 'll not repeat the details
here, but simply summarize: the two phase
nature of the 6502 clock is such that the
processar 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, thce dy-
namic memory refresh requirements are met
by this regular access of memory for display
purposes.

The memory address space of the Apple
Il 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
D000 hexadecimal to FFFF hexadecimal
is reserved for systems software in read only
memory, and 10 ports are found in the
CO00 to CFFF region.

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

The read only memory regions cover
a total of 12K bytes in the address space,
starting at D000 and extending through
FFFF. In the versions of Apple Il currently
being delivered, four 2 K byte read only
memory parts are plugged into addresses
EOOD through FFFF, giving a total of 8 K
bytes of systems software and leaving two
2K 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 [l is ready and
willing to act as a personal computer ser-
vant as soon as the power is turned on and
the ‘‘reset’” button on the keyboard is
pushed. This capability for instant use is
achieved by the systems software contained

Continued on pags 30


















Continued from page 24

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

Table 2: Summary of Apple Il features.

Procassor: 8502 running at 1.023 MHz

User Memory Capacity: Three banks of eight 4 K or 16 K dynamic memaory parts
4K, BK,12K,16 K,20 K, 24 K, 32 K, 36 K or 43 K bytes

Read Only Maemory Capacity:
12 K bytes using 2 K by 8 bit RCM parts, 8 K installed
Standard Peripherals:

Two game paddies {one switch, one variable analog input per paddie)
Programmable annunciator
ASC!) keyboard

Audio tape mass storage lapproximately 1500 bps)

NTSC color video generation for primary display

Optional:
RF maodulator for video coupling to standard television
Expansion Capahilities:

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 bytas, ROM)

Utility routines {1 K bytes, ROM)

Integer BASIC interpreter (S K bytes, ROM)

Full extended BASIC {Applesoft, loaded from tape, requires 18 K user memory)
Applications software examples inciuding games, accounting, ete

30  BYTE March 1978

by a carriage return. This sequence results
in the 5K BASIC interpreter's prompt
aof an angle bracket (>>). The 5K inter
preter built into the Apple 11 is an integer
BASIC with 16 bit precision and a signed
two's complemenl numbep representation.
Table 1 summarizes the charactieristics of
this BASIC. Built into the language are a
number of extensions which are used to
control special hardware and the graphics
of the Apple 11 color display. These exten-
sions include the commands GR, TEXT,
PDL (read a control paddle), SCRN (extract
the current color of a point on the screen),
COLOR=, PLOT, VLIN f{draw vertical
line) and HLIN (draw horizontal linc).
Using this 5 K BASIC | was able to imple-
ment the color sketchpad program shown
in the listings of this article, in about three
evenings of experimentation which maostly
concerned defining just what the program
must do.

The 5 K BASIC interpreter which is built
inta the Apple is all that is nceded for imple-
mentation of most types of interactive
games involving color graphics and reaction
times on the part of the wser. Bul the 5K
BASIC, cven given ils string capabilities,
is not what one would want to use to do
a simulatien of a physical system or cal-
cylate quantities other than integers.

As an answer to the nced for an cxtended
BASIC as a language for the Apple i,
there is the "Applesoft” exiended BASIC
interpreter which can be used in systems
with 16 K bytes of memory or more. The
name “Applesoft’ is a cross between the
source of the interpreter, the Microsoft
company, and a gross pun {“applesauce”).
This interpreter is nearly identical to the
Microsoft extended BASIC interpreters
which have been made available for a num-
ber of personal computer products. The
people at Apple have hacked the interpreter
to include a few variations on the standard
version which address the color display
hardware. The only relative novelty of this
hack is that in order 1o 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 builtin
graphics primitives, or having graphics but
no LET and REM statements. Since LET
is totally optional in assignments, its loss
is hardly felt; but the lack of remarks may
be felt by self-documenting code purists
who want to use the graphics made of
Applesoft. Of course not having the primi-
tives does not prevent use of the graphics
hardware, since like all Microsoft inter-
preters, Applesoft has PEEK and POKE














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

Applications Software

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

Documentation

Aside from having a well designed hard-
ware configuration, the Apple Il is not
hidden from the user who wants to figure
out what is in his computer, The “prelimi-
nary" documentation which | have on the
Apple 1l consists of a loose leaf file bound in
a report folder which has proved anything
but preliminary in terms of completeness
and usefulness, Its cantents are not exces-
sively wverbose, but all the essentials are
present: the specification of the syntax of
the 5K BASIC, how to access systems
software hooks from BASIC, the complete
address space map of the hardware, and neat
comprehensive drawings of all of the sys-
tem’s electronics. When it came time for me
to wire up a version of the game paddles in
the form of my own joystick hack, | was
able to turn to a page of the manual con-
taining a specification of all the signals on
the 16 pin game 10 connector, This manual

|
|
o i |
|
| | -~ 7 }
| | | JoYSTICK ASSEMBLY | |
| | | Q |
PoLo <5 } | : NE'%‘E | [
|
i | | VERTICAL (Y) POT i :
| . |
| | [ |
poL1 <10} — '9-%-551 | |
|
: | IHORIZONTAL 1%y POT i i|
| : b . |
|
swo <z} | A :
| |
g
| | |
| ! |
swi <3 }— ! AN |
| |
| | ——o" 0| |
| | |
swz <4} : e l
i casLE TO
| ne 1 oo I
| STRANDED | |
| |
REMOTE JOYSTICK GONTROL BOX
eND <8
<& | |
| - - - -
/

16 Piftd DUAL IN LINE
PLUG TO J14 OF APPLE II

Figure 1: Wiring of the joystick control box and cable. The box is shown in
photo 5. The cable used was made up of separate #18 stranded wires, twisted
after all interconnection to the plug had-been completed.

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

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

Using the Apple Il: A Color Sketchpad
Program and joystick

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

Continued on page 40
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Listing 1: The color sketchpad program, implemented in 5 K Apple BASIC.
Showing complete lack of form, this program is written by its author without
REM statements to explain what is going on. See the text of the article for

detailed comments.
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statement, after which a loop contained in
line 110 clears the screen to black color with
40 HLIN function calls to draw horizontal
lines across the whole screen with the Jast
color value (set by the statement COLOR =
0 in line 100). Lines 120 to 190 then initial-
ize several variables. X and Y are used by the
program as the current cursor values, ranging
from O to 39, initially set approximately to
the center of the screen. DEPOSIT and
ODEP are flag values used to coordinate
whether or not the cursor leaves a trail of
color. SCOL is used temporarily to store
color values. LNG is the length of the delay
loop which controls how fast the cursor
blinks, and must be an even number so that
it can be divided by 2. BLINK is the running
counter for this delay loop. The joystick
dead zone limits are defined with a request
to the user, and are the number of states
between 0 and 255 at either end of the range
which will be considered equivalent to the
nonzero velocity values for the cursor. With
entry of the value 100, the calculation of the
dead zone gives nonzero velocity if the input
from the joystick measurement is 0 to 100,
or 155 to 255 in that direction. With the
hardware | built for the external control
box, a dead zone of 100 is a typical useful
value; nonlinearities in the potentiometers
make lower values impossible to use, and
higher values make it very difficult to set the
joystick to dead center and stop mation 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 II’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 impie-
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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Continuad from page 12

This says play "'a half nate
{iegato) which is the C in
octave 4, followed by “'a
half note {normal} which is
the Cin octave 4.”

*BAR
*TIME 4,4

*STOPS VIOLA-8,VIOLA-4,FLUTE-8
*TEMPO 4,100

2L,4C;2N 4C =

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

This says play “‘quarter notes (normal)
A and F in octave 3," followed by
'quarter notes (normal) G and E in
octave 3,” followed by ""half notes

{normal) F and D in octave 3.”

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

gaps.

WOICE |- VIOLA 8,4’
VYOICE 2: FLUTE 8’

IM.MJ.;}; /—\

D

Y
J

0 Q

(oeez )
W

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

The Music Editor

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

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

At a higher level, the editor can be used
to graphically display and edit data state-
ments. When entering this level, the editor
draws the staves. |f an existing data state-
ment is to be altered, the notes of this data
statement are drawn; otherwise the staves
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will be empty, awaiting the input of a new
data statement. The user edits a data state-
ment by moving a cursor about the staves
and entering commands. Special macro-like
commands permit the user to create and
copy chords, delete events and insert new
ones. Upon leaving this higher level, a data
statement in MUSIC is derived from the
graphic display of the staves and inserted
into a scratch file. Photo 3 shows what a
graphics editing session looks like to the
user.

Object Language

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

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

Repeat instructions {op code value of 254}
are trapped by the master system. The master
processor handles repeats by retransmitting
parts of the object program to the slave
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Photo 3: The authors’ Magnavox plasma
display terminal during an editing session,
Nates 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.

Voice 1
48 The note 4C is 48 half tones up from Cqg ifi
3000 A legato half note gets a timing of 3000 units  Processor as specified by the data byte of
48 This is the second C the repeat instruction.
—2380 g‘imingfftor a norm:lll}l‘:llffnote The wait instruction has an op code value
- ause alter anorm note of 255. The second byte of the instruction
Voice 2 is interpreted as a nonnegative integer. This
Listing 2a: An example 45 This is 3A byte’s value fixes a delay period computed
of how the program in 41 This is 3F in 10 ms units. For example, 255-60 means
Y . , , -1200 Timing for a normal quarter note it 600
listing 1 is compiled in  _300 Pause wait ms.
MUSIC. The first step 43 This is 3G An object program consists of a series
is error checking, fol- 40 This is SE of “frames.”" Each frame contains zero or
’ —-1200 Timing for a normal quarter note . . . .
fowed by the pro- -300 Pause more set port instructions and is terminated
duction of interme- gé $g§5§gg by a wait instruction. A frame is executed
5 15 1S » .
diate code for each _3490 Timing for a normal half note by the slav_e comp‘uter b_y first executing all
voice. —600 Pause set port instructions in a frame almost

simultaneously. The set port instructions
cause some pipes to be turned on and
others to be turned off. If a particular port
is not addressed by any set port instruction
during a frame, this port's pipes remain in
their current state. This new pipe state
fasts 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

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

PORT 12 (00000100

This bit goes to 4C in the viola rank.

C from Voice 1 on 8 ft viola

14 1 C from Voice 1 on 4 ft viola to be played for a set length of time. An

i; 32} The F-A chord in Voice 2 on 8 ft flute example of an object program is given in

255 48  Wait for 480 ms "“'1’_‘;35 2a a“dt_zb- ¢ the obiect _
e executio ec

27 0 Clear the chord in Voice 2 ¢ ho € ool program 1s

28 0 controlled by two performance programs

255 12 Pause 120 ms (space between chords) that couple the master and the slave compu-
The E-G chord in Voice 2 on 8 ft flute ters together. There are two reasons why we

255 48 . .

27 0 decided to use a pair of computers to handie
256 12 This says turn on the bit pattern for the performance of the music: one, the
27 36 144=128+16 in Port 27" correct latching output ports were already
235 96 available on the Intellec, and, two, the
ii g FORT 27/‘1001{000 slave could handle all the real time demands
27 0 This bit goes This bit goes while the master handled the retrieval and
255 24 to 3G in the to 3Ein the loading of “pages” of the score from the

fiute rank. flute rank,

diskette, (A page is defined as 256 bytes

Listing 2b: Here the com- of object code.}

piler combines the voices The slave microcomputer’s memory acts
in listing 2a to produce as a circular buffer. The master initiates an
the final object code. object program execution by sending a
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header message to the slave. The master
then waits for a Block Request (BR) message.
At the receipt of each BR message, another
page (256 bytes) of the object program is
sent to the slave.

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

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

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

The Compiler

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

The error checking consists of twe types
of operations: syntax verifying and context
checking. A syntax verifier examines each
statement to insure that it conforms to the
rules of the language. For context commands
it checks for 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 statements is checked, The
number of data statements in a measure
must equal the number of voices currently

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

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

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

The context commands serve a function
similar to declaration statements in con-
ventional computer [anguages. Their main
function Is to alter the values of the global
arrays and variables that determine the note
address and note timing calculations. A notc
address is a number that relates a note to a
pipe, while a timing determines how many
milliseconds the asscciated 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 (FIFQ)
queue for storing information about the
events of the current measurc. As each
event in a voice's data statement is proc-
essed, its FIFO queue is filled from the top
down. First the netes of the event, then the
duration of the event, and finally the dura-
tion of the pause between this event and
the next one are placed on the queue. At
this stage, note values are stored as integer
numbers representing a number of semitones
above a base pitch, without regard to stop
settings. The durations are computed in
basic time units regardless of the current
tempo setting. The durations are stored as
negative numbers in order to distinguish
them from note values. Figure 6 shows
the general format of a queue for one voice,
It represents a sequence of four chords with
a rest between the last two.

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

After each voice in a measure has becn



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

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

2. The duration counter for each voice is
examined. Those voices with a zeroed dura-
tion counter have their top sequence removed
from their queue for processing. (A sequence
is all the information from the top of the
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 where one bit is used
to represent the state of one organ pipe.) As
each note value of a voice's sequence is proc-
essed, it is expanded into as many note
addresses as the number of stop settings
defined for that voice. Each note address
generated causes a particular bit in the
voice's bit map to be set to 1.

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

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

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

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

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

9. The current master bit map is labeled

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

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

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

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

Future Plans

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

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

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

The voice concept has some application
to “synthetic’’ music composition because
it allows the user to create new timbres by
specifying nonstandard overtone ranks (eg:
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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. 1In a very large organ, the cost of the
computer system may be fess than the cost
of the cabling alone.

When an organist plays a piece, it has a
characteristic sound quality produced by a
judiciously selected set of stops being acti-
vated. A particular collection of stops is
called a registrution. 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 collections of stops are called
combinations or presets. There are often a
few fixed presets, and a number of pistons
are provided whose registration the organist
can change at will. Another advantage of
the computer contrelled 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. The computer
would receive key codes as well as stop and
coupler codes, and compute the appropriate
pipe addresses. A decoder at each pipe, as
well as a diode matrix or other encoder for
the console, would be reguired. Since on a
large organ there are over 212 pipes, even a
12 bit code would not be long cnough.
This would mean assembling two 8 bit
words for each pipe. Putting out over 500
of these in 1/30 of a second (considering
the number of steps required in the pro-
gram) would have been impossible. Further,
the cast 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 inte memory. The main
processor (at its own rate) scans the key-
board image in memory and constructs a list
of pipes to be played or quieted. Another
DMA scans the list of pipes and controls the
pipes accordingly. In essence, three com-
puters would share the same memory and
would run asynchronously, each going as
fast as conditions allowed. This seemed
feasible, and is necessary for larger organs.
But for smaller organs the DMA is not
needed, as will be seen.

Part of the solution lay in hardware, At
one extreme of decoding (as explained
above}, each pipe has its own decoder. It
would be more efficient for each group of,
say, eight pipes to have a decoder which de-
tects its code and then accepts the next byte
as controlling eight pipes in parafiel. The 8
bit control byte 10001007 would mean that
the notes C, E and G are to be played, while
leaving C#, D, D#, F and F# silent. This
would reduce the number of decoders by a
factor of 8, and then aperates eight pipes
at a time. This was fast enough in the 10
department, but the time required to as-
semble the control bytes by masking or
rotation was too great. A microcomputer
handles bytes with great efficiency, but
manipulating individual bits Lakes 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
idca was not only feasible, but fast and
cheap to implement in hardware. It also
made the software much easier to design. It
works like this: A very long serial-in/paralle!l-
out shift register is made. 1t wili have at least
one output for cach pipe. Using available
8 bit shift registers, the 140 rank organ's
2000 electrically operated valves require
about 250 shift registers. (The 7000 pipes
require only 2000 controlling lines since
most of them are on straight chests.) In
effect we build a 2000+ bit shift register,
a long ‘“tube” through which 1s and
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Text Editing System

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

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

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

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

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

8080

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

v" T——
/T -

=

O
‘TECHNICAL SYSTEMS

(3171 4235485

Meet the TSC

Text Handlers!

CONSULTANTS, INC.

BOX 2374 W. LAFAYETTE IMDIAMA

47208

SPECIALISTS IN SOFTWARE & HARDWARE FOR INDUSTRY & THE HOBAYIST

Circle 124 on inquiry card.

Text Processing System

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

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

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

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

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

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

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

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

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

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

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

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

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

divisions. In the computer controlled pipe
organ they can and should be eliminated.
Everything they can do, and more, can be
done by freely assigning ranks to keyboards
as desired. 1 am not sure that ail organists
will be convinced by this.

Future Fugues

The organ console of the future, as it
appears in the light of the computer
mediated organ, looks like this: The manuals
and pedals are built to the usual AGO
(American Guild of Organists) standards.
These standards are excellent, and permit
an organist to travel from one instrument
to another with 2 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 bution 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 anather article to explore.
Similarly, the gimmicks, from very useful
ones that record {on a disk or cassette)
the performance in terms of keystrokes,
to silly ones (for example, connecting the
doorbell to the computer, so that the organ
plays “Jesu, Joy of Man's Desiring” when
a visitor presses the door button) would
again take up too much space here.

Summary

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

1. Simplification of the wiring of the
organ.

2. Greater reliability than conventional
switching.

3. Lowered expense in medium and
large instruments.

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

5. New freedoms in choosing regis-
trations.

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

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

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

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

To clarify the distinction, consider the
sensation of the color red. We all know what
we mean when we say an object “is red,'” or
that we ‘‘see a red object.” A moment's
reflection though will demonstrate that,
strictly speaking, there can be no such thing
as a red object. The object can only possess
or not possess the properties necessary to
reflect light of a particular wavelength. If an
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at least determined, by the brain decoding
stimulus produced activations of receptor
lines according to specified conventions, it
becomes clear that the process of sensation
is basically one of information processing.
The nature of the conscious ‘‘experience’’
of the processed data is a topic we shall take
up later. For now, our objective will be to
examine the kinds of transformations the
brain imposes on its input data and to ask
why this particular transformation and not
some other is useful to the organism in deal-
ing with the environment. The utility of
such a pursuit lies in the fact that the most
likely system for detailed examination of
distant objects in an artificial robotic system
will use an image forming system acting on a
grid of sensitive transducers. The problems
of information processing in such a system
will be exactly those that the brain has
solved.

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

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

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

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

The cye is sensitive to two dimensions of
light, intensity and wavelength, which we
perceive as brightness and color. We have
discussed the two boundary situations,
spatial and temporal, only in terms of bright-
ness so far, but the same arguments apply to
boundaries of color. Two areas of equal
brightness but different color also must be
discriminated. The same mechanisms
actually are applicable to both, since the
brain handles color by providing some re-
ceptor elements with differential sensitivity
to different wavelengths. For these elements,
a change in wavelength effectively /s a
change in illumination. It will either be from
a wavelength to which the element is sensi-
tive to one to which it is nat, or vice versa.
The brain handles the color information
simply by recognizing the output of these
elements as encoding the wavelength infor-
mation, and interprets it as color. The color
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boundary problem therefore reduces to the
intensity boundary problem.

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

We are all aware of course that the eye
moves. We observe it all the time when our
gaze turns from one point of fixation 1o
another, or when it follows a moving target.
In addition to these motions, however, there
is another that is not detectable by ordinary
means. Even when the eye seems to be at
rest, even when you are holding your gaze
as intently as possible on a fixed point, there
is still a very fine motion with a frequency
of about 10 Hz. The amplitude of this
motion, which is rather erratic in its direc-
tian, is just sufficient to mave the retinal
image back and forth over the receptors by
a distance cqual to a few times the average
separation between the sensitive elements.
Those elements that are near a boundary are
thus swept back and forth continuously
from the lighter to darker sides of the
boundary at about 10 Hz. This produces in
them a changing signal of the sort to which
the AC coupled property of the system can
respond. At the same time, their neighbors
further from the boundary in either the
lighter or darker regions to either side are
not moved into a region of different iflumi-
nation level. Hence, they “see” an unchang-
ing input, to which they are insensitive. The
receptor elements of the eye itself there-
fore act as intelligent terminals which
transmit only information about boundaries
and changes to the higher levels, with an
enormous savings in amount of input requir-
ing attention from more sophisticated
analyzers.

Now | hear you say, ‘“‘Yes, but | can see
the insides of uniform areas.” True, but
remember | said your sensations were an
arbitrary decoding of the stimulus informa-
tion, and that the information from areas
distant from boundaries was redundant and

could be reconstructed by inference or
extrapolation. The experience of “seeing”
the inside of the area is simply the
experience of receiving the appropriate code
from the right set of boundary activated
elements. In the first place, it is relatively
easy to demonstrate that you cannot see
anything if there is no change. By virtue of
some clever optics it is possible to stabilize
an image on the retina so that it does not
move with respect to the receptor elements,
despite the fine motions of the eye. When
this is done, the image seems to disappear
about a tenth of a second after it is pre-
sented: poof! [t is of course still really
therc on the retina, but your AC coupled
system can’t respond. Now, consider a green
disk with a smaller red disk in the center.
It is possible to stabilize just one portion of
this image in the same fashion that we
stabilized the whole image a moment ago.
If we choose to stabilize just the boundary
between the green outer ring and the red
inner disk, it should not be possible for the
brain to detect that boundary. If this is
done, not only do you not see the boundary,
you also don’t see the inner red disk. What
do you see? You see an unbroken green
disk all the way across. In other words, if
no boundary is detected in the middle, the
brain not only doesn't see the red disk, it
extrapolates the green all the way across
from one outer boundary to the other.
Think about it the next time you rely on
the evidence of your eyes: such evidence
must be interpreted with knowledge of the
system’s characteristics.

The AC coupling is not perfect; there is
a “DC leak’ around it, but the “‘changing
signal only" property of the neurons is
enhanced at each step in the transmission
process, until the cells of the visual cortex
are found to have almost no response at
all to unchanging uniform illumination of
the retina. This means that the sensory
experience of the interiors of uniform
regions is simply what is coded for at the
cortex by the byte of information on the
boundary conditions. It is not a result
of direct translation of retinal illumination
conditions on a point for point basis into
activation of some set of ‘‘experience
neurons.” |t is important to grasp this idea,
because it points up the fundamental simi-
larity between the natural brain and the
artificial computer, There is no “inner eye"
looking out through neural windows. If the
encoding process ultimately produces a
single neural line that is activated by, say,
the sight of a face, then that line being active
is sufficient for the processing of response to
the face, in man or robot; and at teast in us,
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it is also sufficient for our correlated mental
experience.

That this is the nature of the encoding
process for our experiences becomes even
clearer at higher levels of the encoding
process than those involved in the green and
red disk experiment. At some level of the
process, referred to as ‘‘feature extraction,”
we arrive at a byte of active lines which
encodes for some complex pattern. Take
for example the repeated patterns of a
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 within which
he is “blind.” 1t can be demonstrated, how-
ever, that his experience of the pattern
in the blind region is due to the fact that
both he and we are extrapolating the
detected pattern across the intervening space
between pattern boundaries. His deficit
becomes apparent when we create a
boundary in the pattern within his blind
region, For example, if we inverted a small
patch of the pattern, it would constitute a
boundary in the pattern, and we would not
extrapolate across it. If it occurred in his
blind region, however, he would not react to
the pattern boundary and would receive the
same encoded byte of visual information
as before, and claim that he saw an un-
broken wallpaper pattern. In an important
sense 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 Lo generale
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
peaple seeing this picture for the first time
are only able to activate low level extractors
for patches of bounded light and dark. It is
in fact a photograph of the head and upper
forequarters of a black and white cow
(facing left) against some trees and a fence.
Once you know what to look for, you can
nudge the ‘“cow extractors” and get an
entirely different experience. Indeed, once
you've seen it, it's difficult to not see it.
(Don't panic if you can’t; about 5 percent
of people never see it.)

Actually, there is probably no ‘‘cow
extractor’’ per se, but rather some assem-
blage of feature extractors which together
constitute a code for ‘‘cow.” Let's look
however at some of the properties which
such high level extractars should have. The
most important one is that they should be
free of constraints on position, orientation,
context, etc. That is, if we had to have a
separate extractor for every position the
stimulus might assume in the visual field, we
would need so many elements that the
advantages of the feature extractor approach
would be lost. Next, they should be capable
of implementation by learning, so that the
available processing elements can be best
used to fit the organism’s normal visual
environment. Third, they should not be
limited to spatial forms, but should include
detectors for properties such as motion,
distance, and other aspects of our visual



experience. These are difficult problems,
and we have no good notion of the real
number or nature of the highest order
extractors in the human visual system.
We can examine some of their properties
by fatiguing the extractors through pro-
longed exposure to different types of
stimuli and locking at the effects on our
visual abilities. In animals, we can follow
the process by recording activites of neurons
in the visual system during presentation
of stimuli to the eye.

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

features. To serve as a general example of
the algorithm, | will describe in detail the
process by which a feature extractor is
formed which can detect a line segment only
if it is at a particular angle of inclination to
the visual field, but which is location inde-
pendent. That is, it does not matter where
the line is located in the visual field, only
that it be a line and that it possess a certain
angle of inclination. This sort of unit appears
to be one of the typical low level feature
extractors of mammalian visual systems.

The basic gating action used is very simi-
lar to an AND gate. As we have mentioned,
this is one possible mode of action of
neurons, which can be implemented by hav-

Figure 1: A white cow
with biack ears and nose.
The head is turned facing
you, with the side of the
head in shadow. The large
white areqd in the lower
right is part of the cow’s
left  flank, Before you
“see” the cow, alf that
appears are white and dark
areas. After you "'see' the
coOW, Your sensory experi-
ence is stifl the same in
terms of the stimuli you
are receiving, but your
analysis is very different.
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facilitatory positive connections with other
RGCs. Now, when the central spot receives
light, it increases the firing rate of the RGC.
When the inhibitory surround is illuminated,
it decreases the firing rate of the RGC.
{(In this and all subsequent descriptions, it
is to be taken as understood that we refer
to the intermittent presentation of the
stimulus, either deliberately or through
fine motion of the eye, since the AC coup-
Iing properties would tend to eliminate the
response to any maintained stimulus.) 1If
the entire retinal area which affects our RGC
is illuminated, the excitatory and inhibitory
effects tend to cancel. Here as elsewhere
in the visual system, there is thus little
response to diffuse light. Notice that due to
the shape of the inhibitory and excitatory
regions, a line of light just the width of the
excitatory center spot, and crossing the en-
tire active area, would fire retinal elements
in both the inhibitory and excitatory re-
gions. However, such a stimulus would fire
the entire excitatory central region, but
would o fire a small percentage of the

AREA WITHIN WHICH
LIGHT INHIBITS RGC\
)

AREA WITHIN WHICH
LIGHT E){(C;TES RGC
+

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 QUTSIDE
RECEPTIVE FIELD
OF RGC {NO EFFECT)

BOUNDARY OF

BAR OF LIGHT
CROSSING RETINAL
ARE A

AREA OF RETINA
CORRESPONDING
T0 AREA OF
VISUAL FIELD

IN FIGURE THREE

Figure 4: The connections
between the retinal ele-
ments and the retinal
ganglion cell (RGC) which
account for the pattern
of sensitivity shown in
figure 3. In this view, the
pattern of figure 3 would
be edge-on as profected on
the retina.

Continuad on page 94

Figure 5: An area of the
reting corresponding o
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 fine of
light.
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important that he understand what he was
trying to accomplish as well as obtain
satisfactory results.

This seems like an overamplified introduc-
tion to a simple construction article, but |
find it easier to present such topics if |
explain how | got involved with them.
There's no reason that read only memory
programmers should remain as black magic
to the personal computer enthusiast. There
are a number of 2708 EROM programmers
on the market in the $100 to $150 range.
But most of the readers who correspond
with me say they only want to program one
or two for bootstraps and the like. It is for
this reason 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-
pletely confusing, maybe | ought to start
at the beginning.

What Ieon 2R

If you presently own a personal computer,
even in its minimum configuration, it con-
tains programmable memory. Mast likely the
memory you own is made of semiconductor
memory chips configured as boards with 4 K,
8 K, 16 K or more bytes. Programmable
memory means that any element can be
addressed and read from or written to {that
is to say, programmed) individually.
Addressing is random and is determined by
program necessity rather than configuration.
Any number of electronic elements can
function as programmable memories. TTL
7474 flip flops, bistable relays, core
memory, etc, can all function in this manner,
but are not necessarily cost effective for
personal computer applications. Since the
majority of programmable memory storage
in personal computers is of the semi-
conductor type, one major problem is
created.  Semiconductor  programmable
memory is volatile. When the power is
removed, the data is destroyed.

One solution to the volatility of semicon-
ductor programmable memory is to con-
figure a certain quantity of the storage as
nonvolatile read only memory (ROM).
ROMs exhibit the same random addressing
capabilities as volatile programmable mem-
ory, but the data stored in them is perma-
nent. The required bit patterns are pro-
grammed into them during manufacture, or
during a special postmanufacturing pro-
cedure, and any time power is applied, these
bit patterns will be the same. Most computer
systems containing read only memory use
this vehicle to store bootstrap loaders or

monitor routines that allow ease of system
startup.

A further extension of the read only
memory is the programmable read only
memory, or PROM. When a programmable
read only memory comes from a manu-
facturer, no program data is stored in the
device. To use this type of read only
memory, a special programmer is required
to alter the internal structure of the chip and
impress specific bit patterns permanently
into the addressable memory locations.

It is often desirable to have the non-
volatility of ROMs and the read and write
capabilities of semiconductor programmable
memories. An effective compromise is the
EROM or erasable read only memory. It is
used as a read only memory for extended
periods of time, erased occasionally and
reprogrammed as necessary. Erasure s
accomplished by removing the EROM
integrated circuit from the system and
exposing the chip (covered by a transpar-
ent quartz window) to ultraviolet light. 1'll
describe erasure and programming later.

The erasable read only memory tech-
nology used by Intel and most other manu-
facturers is a stored charge type called
a FAMOS transistor, for floating gate
avalanche injection metal oxide semi-
conductor. It is similar to what is known as
a P-channel silicon gate field effect transistor
with the lower, or ‘'floating,’”’ gate totally
surrounded by an insulator of silicon dioxide.
The 1 or O 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
27165 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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Figure 1: A 2708 erasable read only memory reader and programmer. During reading, the 2708 (1C5) receives a 10 bit address
on address lines AQ thru A9. The eight bits of data stored at that location will then appear as outputs on Hines DO thru D7. The
circuit is shown attached to three 8 bit output ports and one 8 bit input port of a microcomputer. (The port numbers chosen
are peculiar to the author’s system and are necessary to fully describe the software interaction.) During programming, bit 86 of
output port 18 is set high, which causes the interface to enter the write mode. This signal raises the voitage level on the 2708
select pin 20 from a 0 V read enable to a +12 V program mode enable. The eight data output lines now become data input
lnes. The program mode signal also gates output port 16 through ICs T and 2 to these data input lines and presents the data to
be stored to the 2708. Each 8 bit data byte is then burned in for 100 ms in 1 ms pulses using ICs 3 and 4.
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+BV -5V +12V Gnd
IC Type Pin Pin Pin Pin
1 74125 14 7
2 74125 14 7
3 74121 14 7
4 7407 14 7
5 2708 24 21 i9 12

Notes:

1.

All resistors are 1/4 W 5% uniess otherwise
noted,

Transistor Q1 is rated for VCE = 40 V. Sug-
gested type: 2N2222A,

Mate that (C4 is a 7407. A 7417 should not
be substituted,

. Programming pulse voitage should be between
2510 27 VDC,

Output Port 18

M) X Read.
Program mode enabled.

Low to high transition. Initiates
input byte storage into EAQOM,

{**X" indicates a "don’t care” condition,}

N PR TRTIEI TR S L

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 AQ thru A9, and the eight bits
of data stored in that location will appear
as outputs of the memory on DO thru D7.
The interface is attached to three 8 bit
output ports and one 8 bit input port. 10 bit
addressing is accomplished by using two bits
of port 18 in addition to the eight bits of
port 17. When B7 and B6 of port 18 are
at a zero level, the 8 bit stored data is read
by input port 16. The port numbers chosen
are peculiar to my system. Any four user
defined available parallel [O ports that
accomplish the same functions can be chosen
instead, substituting for the ports | used.

Programming is straightforward. B6 of
the output port 18 is raised to a 1 level to






100
110
130
140
150
155
160
170
180
200

REM FIRST WE CLEAR THE OUTPUT AND SET IT
REM TO THE READ MODE

OouT 18,0

FORN=0TO3

FOR M=0 TO 255

OUT17,M: OQUT 18,N

PRINT “ADDRESS *; (N*256)+M;"'=";INP16
NEXT M

NEXTN

END

Listing 1: A BASIC program used to read the contents of an erasable read
only memory. This program and the programs in listings 2 and 3 were written
in 8 K Zapple BASIC marketed by Micro Com.

100
110
114
115
120
130
136
140
150
160
170
180
200

QUT 18,0 :REM SET TO READ MODE
LET X=26000 :REM

REM SET X=DECIMAL ADDRESS OF THE
REM START OF THE MEMORY TABLE
FORN=0TO3

FOR M=0TO 255

OuUT 17.M:0UT 18N

POKE X, INP16

LET X=X+1

NEXT M

NEXT N

PRINT “TABLE LOADED"

END

Listing 2: A BASIC program used to read the contents of a 2708 erasable
read only memory and store the data in memory.

20

100
110
120
130
140
150
155
160
165
170
180
190
200
210
220
230
240
250

FCR T=1 TO 100

LET A=64 :0UT 18,A :REM 64 IS BIT 6 SET

REM THIS SETS THE INTERFACE TO THE PROGRAM MODE
LET X=26000

REM X IS THE START OF THE MEMORY TABLE
FOCRN=0TO 3

FOR M=0 TO 265

LET D=PEEK X

OUT 17,M : OUT 18,N+A :QUT 16,D

REM LINE 160 SETS THE ADDRESS + DATA BYTES

OUT 18,N+A+128 :REM 128 IS THE PROGRAM PULSE BIT
OUT 18,N+A :REM RESET B7

LET X=X+1

NEXT M

NEXTN

LET M=0 :LET N=0

NEXTT

PRINT “DONE”

END

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

90

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

@ particular requirement, BASIC can perform
the same functions.

Reading the contents of a 2708 is a
simple procedure, as shown in listing 1.
Obviously, it takes a long time to print the
1024 bytes in the memory chip even though
formatting would speed it up. Another
operation which is useful is to read the 2708
and foad it into memory, such as in the case
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of a utility program or interface driver. The
concept is the same, but the print statement
is dcleted. The new program, which reads
the EROM and loads it into memory, is
shown in listing 2.

Programming the 2708 is no more com-
plicated than reading it. There are two
sources for the data to be placed in the
2708. It can come from a 1 K byte listing
presently resident in memory (such as that
produced by an assembler), or via keyboard
entry. Keyboard entry, while possible, is
very time-consuming and requires that an
array be produced with 1024 variables. If
keyboard entry is desirable, it would be far
better to use an existing resident monitor
program to load memory directly from the
keyboard and produce a memory-resident
table which is then transferred to the 2708,

The program write pulse timing takes
advantage of the fact that BASIC is slower
than assembly language. To load a memory
with data, output port 18 bit B6 is set to
a logic 1 level. This enables the program
pulse generator, |C3, and data input source
through the 74125s. After the address and
data words are sent to the outputs, port
18 bit B7 is raised to a logic 1, causing the
oneshot to fire. The duration of the pulse
is 1 ms. If this were an assembly language
program, a timing routine would have
to be used to time out 1 ms befare stepping
into the next address and data combination.
BASIC takes approximately 5 ms to
interpret and execute each of the commands
used in this program. With such interpreta-
tion delays, the program can’t possibly over-
drive the programming sequence, and there-
fore needs no timing loops. As stated earlier,
to meet manufacturers’ specifications, 100
1 ms sequences must be performed. [/f vou
reprogram the algorithm for another lan-
guage, or use a BASIC interpreter, make
sure the timing is comparable. . .CHJ Such
a program is shown in listing 3.

s et a 2 Minute 2708 Write Cyele?

This program is not very fast, and in fact,
takes 30 to 40 minutes to run for the full
100 loops. This is fine if you aren't in a
hurry, but a better way is to write an intelli-
gent programming routine. Yes, the manu-
facturer states that to be absolutely sure the
2708 is programmed, 100 loops should be
executed. But, it has been my experience
with the many 2708s I've programmed using
this interface, that it takes onily one loop.
This is not to say that all devices will per-
form similarily, but it does lead to some
interesting programming compromises. Elim-
inate the FOR and NEXT loop at lines 90
and 230 in listing 3. Next, at line 230, insert
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Figure 8: Lines of light
which are not optimally
placed do not activate
the simple field cell since
they either do not strike
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inhibitory areas egually.

Figure 9: The  develop-
ment of a complex field
cell of the cortex which
responds to fines at certain
angles, but without refer-
ence to spatial location
over u large retinal region.
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the thalamic cells since it will intersect some
of the inhibitory territory of each, but such
a sub-maximal output from esch of them is
the maximal input for the cortical level
cell. Now look what happens if the line is
turned at a different angle, or moved to a
different position as in figure 8. If the angle
is not aligned with the line of the “on-
centers,” one thalamic cell will show a
positive response; but the others will not,
and may have their inhibitory areas acti-
vated. There is thus little input to the corti-
cal line detector. If the line is kept at the
correct angle, but moved to the side, it falls
in all inhibitory territory, or else beyond
the active region altogether. Thus, while
our simple field cell can discriminate angle,
it also discriminates location.

The next level of abstraction is reached
with the so-called “complex field cells"” of
the cortex. A typical example of one of
these would be a cell of the type we have
been seeking, one which would respond to
a line at a specified angle, located anywhere
in a large area of the visual field. Such a
cell is easily constructed if it can OR gate
the outputs of a large number of simple

EXCITATORY CENTERS OF SELECTED

SIMPLE FIELD ORIENTED LINE DETECTORS

ISURROUNDS AND OVERLAPS OMITTED

FOR CLARITY h
GNLY THOSE DETECTORS ROUGHLY PARALLEL

TO ONE ANOTHER ARE SHOWN

—

-/

\—SMALL AREA OF

VISUAL FIELD

o )

REPRESEMTATIVE SIMPLE FIELD

field cells, all of which respend to ¢ at
the same angle, but whase specific sensitive
locations with regard to retinal position dif-
fer, and are spread over a wide area, as
shown in figure 9. Again, certain conver-
gence patterns are selectively implement

In this case the convergence principle is
parallelism.

In actuality, the connections are not so
straightforward as | have gge « s
much up and down traffic from th 0
cortex and back. ©~ re is much up and
down traffic between different levels of the
cortex as well. The principle however is
essentially as illustrated. By continuing this
type of operation, and by combining out-
puts of different types of cells, it is clear
that feature extractors of any desired degree
of complexity could be built. Arc detectors,
edge detectors and numerous other types
are already available at the simple field cell
level. At the level of more complex fea ¢
extractors, which may be in areas of cortex
outside the primary visual cortex, it is very
difficult to determine the effective stimulus
for a cell simply because of the enormous
number of stimuli that it might respond to.
In a monkey brain, for example, a cell has
been reported by one research
responded only to the outline oy a4 nanu.
It is not necessary for us to specify all
these types of feature extractors for our
purposes, The particular set that was most
useful to a human's brain would probably
differ from the most useful set for a robot
brain. It is sufficient to see the principles
by which the feature extractors can be con-
structed. Let us review these.

First, it is clear that not all possible
combinations of retinal receptor activa-
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FIELD CELL FOR
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i
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tion are encoded by higher level cells.
Rather, some types of features are settled
upon as useful building blocks, and these
are encoded by cells upon which the outputs
of certain lower level cells converge. The
particular set of lower level cells is selected
on the basis of the spatial relationship of
their receptive fields on the retina. This
is the principle of selective convergence.
Look again at figure 2; it is as if we had
abandoned such a generalized system in
favor of a more limited but more economical
one by omitting some branches, and bring-
ing several more from selected places to-
gether at each stage. Second, the response
of the higher echelon cell is frequently fine
tuned by provision of lateral inhibition.
That is, lower echelon cells frequently have
inhibitory projections both to their neigh-
bors to either side at the same level, and to
the neighbors of the higher echelon cell
to which they send excitatory projections.
The arrangement of these inhibitory pro-
jections is often chosen to help the cell
discriminate against stimuli which are
similar enough to the target feature to
potentially generate some responding, if not
full responding, in the cell. Thus, in the
simple cortical field cell line detector in
figure 8, if the angle of the line were only
slightly off of the desired angle, it still might
cross the on-centers of several of the
thalamic cells which input to the cortical
cell, and cause some considerable response
in the cortical cell. It should of course only
aclivate some other angle detector. This
difficulty is surmounted by the fact that
in order to cross the first cell’s line of on-
centers al a small angle, the stimulus would
also have to cross a large amount of territory
which inhibited the thalamic cells’ output.
(If the angular discrepancy islarge of course
there is little problem.)

The third principle of general rclevance
is related to the problem of how much input
will be required to fire a higher echelon cell.
Recall that the neurons are not functioning
strictly as AND or OR gates, in that a cer-
tain percentage of inputs active is all that is
reguired for firing. This ALMOST gate
principle is one of enormous power, and we
shall have more to say about its applica-
tion to intelligence in a later article; but for
the moment look at what happens in the
sensory system if we let the percentage of
inputs required for firing be an adjustable
parameter. If we required that all the lines
be active as in a conventional AND gate,
we would have a perfectly accurate system,
like any good conventional computer. We
would also have a slow and insensitive sys-
tem. To get all the inputs properly set up,

we would need to wait for perfect alignment
of the image, probably close up for good
resolution, and have good illumination to
avoid any marginal situations. It would be
accurate, but your ancestors would never
have reached reproductive age if they'd
had to wait on that kind of situation before
decoding the stimulus as a wolf. On the
other hand, if we let the system be sloppy
and fire feature extractors when only a
small number of relevant input lines are
active, we will get quick results, with a lot
of errors. In particular, we would be unable
to make fine discriminations amongst simi-
lar stimuli which would activate many lines
in common,

This kind of error is easily demonstrated.
Briefly flash a picture of a circle with a small
piece missing on a screen, and your subjects
will report that they saw a complete circle.
Only if they get to examine the image longer
will they be able to discriminate the broken
circle from a complete one. Now clearly
both modes of processing have their uses,
and it would be nice to adjust the percentage
input requirements of the ALMOST gates to
suit the task at hand. This is done in the
brain by axons from control regions of the
brain outside the sensory system which
make diffuse and widespread contact with
large numbers of sensory processing ele-
ments. These inputs carry no specific visual
information, but by excitatory or inhibitory
action they can bias the processing elements
towards or away from firing threshold, thus
increasing or decreasing the amount of input
from lines carrying specific information
which is required before firing occurs. When
this process is driven beyond normal limits,
as with various drugs, the feature extractors
can pe biased so close to firing that little
or even no input is required. The re-
sult is a variety of visual distortions and
hallucinations.

A fourth point worth noting is that the
system resembles a pipelining type of
processor. As soon as the cells of any eche-
lon have fired in response to the current
state of their inputs, succeeding echelons
begin dealing with that fact while the earlier
echelon begins to respond to the next state
of their inputs. It is not clocked, it just all
trickles through as fast as it can, but that
only means that some things take longer to
recognize than others. There is no need for
it all to be processed in lockstepped stages
like a real pipelining system. However, infor-
mation can be siphoned off the line at any
stage as well as being passed on to the next.
If you need to catch a fast moving object,
you can respond to information about its
position, which is encoded fairly early in
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kept their prices low. If you order now, on top
of reliability, lightning-fast delivery, you'll
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TDL Software Package A
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TDL Software Package on
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George Risk ASCII

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

CardKit .............. 128 123
Cromemco TU-ART Kit 173 166

Call or write for our
giant Spring Computerlogue

Catalogue Today.
IMSAI VIO-B Kit 252 242
IMSAI VIO-C Kit 297 286
TDL XITAN ALPHA 1.5 798 764
Cromemco Z2 Kit 557 536
Dynabyte 250ns 16K
Static RAM Assmbld. .. 577 555

per order.
Delivery s atock to 30 days on mast items Shipment 18 immediate fon

Shippingcharges $10 per CPU on larger units, $1 50 par kit $2 00 mun .
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Lax Avallability. prices and specs may change without noucs

Operating Hours:
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Ciosed 8at. & Sun.
d ™
P.O. Box 71

F----

Fayetteville, N.Y. 13066
Phone (315) 637-6208 Today!

Circle 26 an inquiry card.

sensory system, it is information about the
“degree of certainty” of the cell in question
with regard to its identification of a feature.
This information derives from both intensity
and spatial information, since both higher
pulse rates and more lines active will in-
crease the firing of the cell. This is an ex-
ample of the way in which the brain may
combine digital and analog information in a
single decision process. The nature of
what is being encoded by intensity at
the higher levels of the process may be
better understood by applying the ‘degree
of certainty” concept to the lowest levels,
where the temporal byte represents light
intensity. Obviously the low level element
has the greatest degree of certainty that it
is being illuminated when it is being illumi-
nated most strongly. At higher levels,
number of inputs and activity of inputs can
trade off with regard to drive on the re-
ceiving cell, and this is generally appropriate,
because the degree of certainty about the
existence of the feature to be decoded is
increased if there is either a broad agreement
among the inputs, or if the inputs are them-
selves “‘very certain.” In general in the brain,
“He who yells the loudest has the most to
say." Since cells don't have egos, it works.

In any realistic approach with present
day hardware, this would probably have to
be modeled using a byte of several bits in
place of each single line in the brain. “Which
byte’ would be equivalent to “which axon,”
and the bit pattern would carry the infor-
mation carried by the temporal byte on the
axon.

Given that the number of conceptual
features into which the visual world could
be subdivided is virtually unlimited, whereas
the number of available bits in the systems’
output byte is merely enormous, how does
the brain decide which features to encode?
Some of it, the simplest parts, are un-
doubtedly the result of evolutionary selec-
tion, hardwired at birth. Much of it however
is probably developed in response to the
type of visual environment in which the ani-
mal grows up. There is evidence, for ex-
ample, that if a kitten is exposed to a visual
world containing only vertical lines at a
certain period of its development, its visual
cortex will be rich in line detectors with a
near vertical orientation, and poor in de-
tectors for other orientations. Apparently
this pattern persists throughout later life.
[t seems similar to a PROM.

Finally, we should mention some types
of nonvisual input to the process that carry
very specific correction information. Try
this experiment. Look across the room while
moving your head from side to side. Notice
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MATRIX PRINTER

$100 Bus Compatable
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be introduced. Correcting this with the
simple expedient of iterative passes takes too
long. Furthermore, you have to carry some
information in scratch pad. How far do you
wanl elements to be able 1o interact later-
ally? For mosL purposes, a few elements
away might do, but for some tasks such as
motion detectors, the brain converges out-
puts from widely separated clements. Lateral
interaction among these is probably best
ignored in our hypothetical simple system.
Presumably, some ogptimization could be
found in which several processors simulated
each echelon, each one handling a number of
elements serially.

A different approach to trading speed
for cost would be to have all your available
processors simulate the elements of a singie
echelan, store the result, swilch programs
and simulate the next cchelon, then the
next, etc. This way you get through each
echelon faster because a complete update of
an echelon is divided among more proc-
essors, and fewer clements simuiated serially
per processor means you finish quicker.
However, with this scheme you lose the
pipelining feature of the system, since a new
input byte has to wait unti! the last byte
gets all the way through before the system
can start to deal with it by simulating
cchelon number one again.

These notions of course do not exhaust
the approaches to the probiem, and | didn’t
promise to solve it for vou, but they illus-
trate some of the kinds of difficulties we
can expect to have to overcome. (Actually,
| have some more advanced ideas on the
subject, but you're not going to hear about
those until somebody offers me a vice
presidency for Psycho-cybernetic  Archi-
teciure!} The best approach may well not
involve replicating the detailed features of
the brain’s processing steps in recoding the
sensory input. What does seem worth
study however is the general logic of the
approach. Specifically, this would include
such items as: ways of eliminating redundant
information, the logic of using selected
feature extractors as building blocks at each
stage of the perceptual process, the elimina-
tion at each level of restrictions such as
position on the generality of the feature
encoding line, and the use of the ALMOST
gate concept to provide continuously
variable levels of stringency in the encoding
process.m
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The Electric Pencil II is a Character

Oriented Word Processing System. This

means that text 1s entered as a
continuous string of characters and is
manipulated as such. This allows the
user enormous freedom and ease in the
movement and handling of text. Since
Lines are not delineated, any number of
characters, words, lines or paragraphs
may be inserted or deleted anywhere in
the text. The entirety of the text
shifts and opens up or closes as needed
in full view of the user. The typing of
carriage returns as well as word
hyphenation is not required since lines
of text are formatted automatically.

As text is typed in and the end of a
screen line is reached, a partially
completed word is shifted to the
beginning of the following Lline.
Whenever text is inserted or deleted,
existing text is pushed down or pulled
up in a wrap around fashion. Everything
appears on the video display screen as
it occurs which eliminates any
guesswork. Text may be reviewed at will
by variable speed scrolling both in the
forward and reverse directions. By using
the search or the search and replace
function, any string of characters may
be located and/or replaced with any
other string of characters as desired.

When text is printed, The Electric Pencil II automatically inserts carriage

returns where they are needed. Numerous combinations of Lline 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
versians. Right justification gives right-hand margins that are even. Pages may be
numbered as well as titled. This entire page (excepting the large titles and logo)

was printed by the Diablo version of The Electric Pencil II in one pass.

Now on CP'M

NEW FEATURES: *** CP/M Compatible **x Disk
Operating System Supports Two Disk Drives *** Simple

File Management ##* Quick and Easy Disk Storage and

You've probably seen
The Electric Pencil in
action by now. It's the
most powerful 8080/280
character oriented word
processor on the market
today. Michael Shrayer is
now proud to present the
new Electric Pencil II.

The Electric Pencil II is now available on CP/M. Standard printer versions

System Hardware MUST include:

Retrieval *%* Dynamic Print Formatting ***x Multicolumn
Printing *** Print Value Chaining *** Page-at—-a-time
Scrolling *** New Bidirectional Multispeed Scrolling
Controls *** New Subsystem with Print Value Scoreboard
**x% Automatic Word and Record Number Tally %** Cassette
Backup Capability *x% Full Margin Control #x*x
End-of-Page Control ***x Non-Printing Text Commenting
*%*x |ine and Paragraph Indentation #*
Centering, Underlining and BOLD FACE

$225.

Diablo printer versions $275.

8080 or Z-80 Based Microcomputer
Printer (Diablo Hy-Term, TTY, etc.)
Video Display (vbM-1, VTI or SOU
CP/M Suported Disk System or...
North Star Mini-Floppy Disk or...
Cassette Interface (Tarbell or SO

MICHAEL SHRAYER SOFTWARE
3901 Los Feliz Boulevard
Los Angeles, CA 90027
(213)665-7756

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

Versions Printer Video Interface/Mass Storage Price
S5,5v,sp TIY or similar SOL/Cuter,vDM-1/Tarbel Ll ,VTI/Tarbell $100.
SSN,SVN, SPN TTY or similar 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 Diablo Hy-Term SOL/NStar ,VDM-1/NStar ,VTI/NStar $175.

Demand a demo from your dealer!
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CP/M™ - Microcomputer Control Program

CP/M™ is a time-tested diskette operating
system for Intel 8080 or Zilog Z-80 micro-
computers which use up to four IBM-
compatible diskette drives. The CP/M disk
operating system, along with its system utilities
is a proprietary software package which has
operated in thousands of computer systems
including OEM products, industrial applica-
tions, as well as microcomputer development
and personal computing systems. CP/M sup-
ports named dynamic files with a powerful
context editor for program creation and
modification and includes a fast 8080 assembler,
dynamic debugger with a self-contained assem-
bler/disassembler, along with various file utili-
ties. Optional software includes a macro
assembler, symbolic debugger, and various high
level languages. The resident portion of CP/M
operates in less than 4K bytes, with a minimum
usable memory of 16K bytes. Hardware-
dependent portions of CP/M are easily adapted
to nearly any 8080 or Z-80 computer system
using our “CP/M Alteration Guide” which
gives the step-by-step procedure for tailoring
CP/M to your specific equipment.

CP/M™ LOW-COST MICROCOMPUTER SOFTWARE

MAC™ - CP/M™ Macro Assembler

MAC, the CP/M macro assembler, is upward
compatible from our standard assembler as well
as the latest Intel macro assembler, In addition
to full expression analysis, MAC allows IF,
ENDIF, and ELSE groups for conditional
assembly, MACRO definitions for macro
grouping, IRPC, IRP, and REPT to repeat
source staternents during assembly with option-
al LOCAL symbols, and MACLIB for macro
library access. Macro libraries are included with
MAC for assembling Z-80 instructions and for
performing sequential disk input/outpul. A
symbol table can be selectively written to a
diskette file for program debugging using SID.
The “Macro Assembler Language Manual
and Applications Guide” shows you how to
effectively use macros to define macro-based
languages, implement high level control struc-
tures, and perform operating system calls using
predefined input/cutput macros. The MAC
macro assembler occupies a 12K region of
memory and requires concurrent operation
with CP/M, resulting in a minimum usable
memory of about 24K.

SID™ - CP/M™
Symbolic Instruction Debugger

SID is a powerful symbolic debugger for
programs generated in the CP/M environment.
Upward compatible from our standard de-
bugger, SID uses symbol information produced
by MAC for high level reference tc 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 toc a community of enthusiastic users. Write us for particulars!

Please send me the following:
manuals) for $100.

MAC™ Diskette and Manual
) for $90.

MAC™ Manual only for $15.

oo oo

) for $75.

optional packages.

0O CP/M™ System Diskette and Documentation (Set ol 6

CP/M™ Documentation (Set of 6 manuals) only for $25.
(CP/M™

SID™ Diskette and Documentation (CP/M™ Serial No.

0O Send more information on CP/M high level languages and

I DIGITAL RESEARCH

NOTE: Due to the proprietary nature of CP/M™ software, please
enclose your CP/M Serial No. when ordering MAC or SID withcut the

CP/M diskette.

No.

Serial

O Master Charge No.
O Check or M.O. enclosed.

California residents add 6% sales tax.
Total amount enclosed

Name

O BankAmericard No.

Exp. Date

Exp. Date

Address

City

State Zip

Post Office Box 579 ® Pacific Grove, California 93950
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Order your Applell now.

from any one of the following authorized dealers:

ALABAMA

Camputedanl
3020 University Or. W
Huniswille 539-1200

Tne Computer Cenler
303 B. Ponlar Place
Birmingham  942-8567
ALASKA

The Alpha Corporalion
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#nchorage 2781316
Team Elecironics
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ARIZONA

Byle Shop

Tempe  BBE-1129
Phognix  942-7300
Tucson  327-1576

CALIFORNIA

A-YIDO Electronics

2210 Beflllower Road
Long Beach  598-0444
Byle Shop

Catrug Heghts  961-2983
Palg 1o 327-B080
Pasadena 684-3313
San Jose 377-1685
San Mateo  341-4200
Santa Clara  245-4221
Walnut Creek  933-6252
Comgpulerland

El Cerrite 233-5010
Hayward  538-8080
Inglewood  776-8080
Misswon Yies  770-0131
San Diege 56(-9912
San Francisce  546-1592
Thissand Oaks  195-3554
Tustin - S44-9542
Compuler Companents

5848 Sepulveda Bivd

Van Muys  TA6-TA1E
Computer Country

S06E is1 St

Tustm 381770
Computer Playground

6789 Westminsier Avenue
Westrinster  598-8330
Computer Store

1083 Mission S

San Franpisen 331-0640
The Camguter Stare

§20 Broadway

Santa Memca  4531-0713
Elecine Bran

3038 W Cedar Ave

Fresno  227-8479

Hpme Eenainmenl Emporium
210D Sepelveda Blvd
Wanhahtan Beach 546-2501
Rainbow Computing, knc
10723 Whate Dak

Granada Hills  360-2171
Strawberry Electronics

71 Glenn Way #9

Belmont  595-0231
COLORADO

Byte Shop

J464 S Acoprma St
Englewond  761-6232
Team Electronics

Boulter  417-2368
Cotorado Sprngs  596-5566
Fort Coting  +84-7508.
Grand Juaction  245-4455
Gregley  356-3800
Langmont  772-7800
Fugblo  515-3703
CONNECTICUT
Compuierkand

2475 Black Rock Turnpike
Farfield  374-2227

The Cemputer Stare

53 8. Man 51

Windsen Locks  B27-0158
DELAWARE
Coamprteddant!

Kirkwood Highway

Newark 7389646

Circle & an inguiry card.

FLORIDA

Byla Shop

Ft Lauderdale 561-2983
Miami  264-2983

GEORGIA

DalaMan, Inc

3001 M. Fulton Drve
Ablanta  233-0532
Hawall

Real Share

190 S. King Street # 890
Honolulu  536-1041
ILLINOIS
Comguteriand

Arlinglon Heights  255-5488
Wiles S67-1714
Oaklawn  422-8080

Dalg Domain
1612 E. Algonguin Rd
Shaumburg  397-B700

Ity Bitty Machine Gompany
1316 Chicago Avenue
Evanston  328-6800

Team Electronics
Carpentersville  428-6474
Decatur  B77-2774
Galesburg  344-1300
Molhne  797-B261
Peoria  692-2720

Rock Island  788-9595
Rockford 399-2577
Schaumbury  BB2-5864
Sprnglicld  525-8637

INDIANA

The Data Damain

Fort Wayne 4B4-7611
Blopmingtan  334-3607
Wesl Lalayette  743-3951
Inthanapols  251-3139
The Hpme Computes Cemter
2115E B2nd 3t
Indianapalis  251-6800
1OWA

The Comper Store
4128 Brady St
Davenpart  286-3330
Team Efectronics
Ames  232-7705
Beltendort  355-7013
Cedar Rapids  393-8956
Davenpon  386-25688
Dubugue  583-9195
lowa City - 338-3681
Siowe City  252-1507
Sioux Gily  277-2019
Walerlop  235-6507
Yides Midwest, lnc.
2212 Ingersoll Ave

Des Moings  244-1447
KANSAS

Barngy & Associates
425 N Broadway
Pittsburg  231-1370
Team Electronics
Garden City 276-2911
Hulchinson  652-0632
Lawrance  B41-3775
WManhatlan  539-4636
Salna  B27-9361
Topeka 267-2200
Wichita 685-B826
Wichita  842-1415
Wichita  682-7559
KENTUCKY
Computeriand

813 8. Lyndon Lane
Louisville 425-8308
The Dzla Domaln
Lexington  233-3346
Lowsville  456-5242

MARYLAND
Computerland

16065 Frederick Road
Rockyille G948-TEPG
Compulers. elc.

134 Allegheny Ave
Towson  674-4742

MASSACHUSETTS
The Compuler Siore, Ing,
120 Caandge Strget
Burlinglan  272-B770
MICHIGAN

Team Electronics
Escanaba  785-3911
Menominee  864-2213
MINNESOTA

Team Eieclronics
Minnetonka  544-7012
Edina  920-4817
Eden Praine  94%-8301
Bemidji  751-7880
Whllmar  235-2120
St. Clowd  253-8326
Owatonna  451-7248
Hibbing  263-6200
Mirgmea  741-5918
St. Anthony  78Y-436R
West 51 Paul  451-1763
Minneapuhs  377-9840
S, Paul  227-7223
St Cloud  251-1335
Mnneapohs  B865-3288
Mineapohs  378-1185%
Maplewood  777-3737
Mankato  387-7937
Eveleth  749-8140

St Paul  636-5147
MISSOURI

Electrone Comfunenls. Intl
1306-B South Hwy 63
Columia  143-5225

Teart Electionics
Biscayne Mall

301 Stadiem Blvd
Columbia 4454496
MONTANA

Computers Made Easy
415 Morrow
Bozeman 586-3065

Team Electronics
Great Falls - B52-3281
Missoula  549-4119
NEBRASKA

Team Electronics
Grand Iskano  381-0559
Lincaln 4352959
Omaha 3971666
Omaha  333-3100
Nordnlk  379-1161
Morih Plalte 534-1645
NEW HAMPSHIRE

Camputermart
170 Main Street
Nashua  B83-2386

NEW JERSEY

Computeriand
2 De Har Streel
Moinslown  539-4077

Computeomart
501 Roule 27
(selin  283-0600

NEW YORK
Comperland
Bufizly  838-8511
l\haca 277-4888

Computer Mart of & Y.
118 Madison dve.
New York  BBE-7923

Co-gp Electromes
9148 Main Streel
Clarence £34-2193
NORTH CAROLINA

Byte Shop
1213 Hillsborough St
Raleigh  B33-0210

Computer Reom
1729 Garden Terrace
Charlctte  373-0875

Rom's & Ram's
Crabiree Valley Mall
Raleigh  781-0003
NORTH DAKOTA
Team Electronics
Bismarck  223-4546
Fargo 282-1562
Grand Forks  745-4474
Minot  B52-3231
Williston  572-7631
OHI0

Computerland
1304 SOM Center Ad.
Mayhietd Heights 461-1200

The Dala Domain
Daylorr  223-2348
Cinginnall - 561-6733

OKLAHOMA

Bils, Bytes & Micros
11BE N MacAdhur Bled.
Oklahoma City  847-5646

High Technalogy
1020 W Wilshire Blvd.
Oklahoma City  843-9667

Team Electronics
Norman  328-3456
Oklahoma City  634-32357
Oklahigma City  848-5573
Suiltwater 3772060
Tulsa 633-4575

Tulsa 252-5751

Yokon 373-1994
OREGON

Team Elecironics

Bend 3889-8525

Canby 266-2539
Salem  36+3278
PENNSYLVANIA
Camputer Mari ol PA
Rowe 202

King of Prussia  265-2580
SOUTH DAKOTA
Team Eifectronics
Pierre  224-1881

Rapid iy 343-8363
Sipux Falls  336-3730
Sioux Falls 3391421
Sioux Falls 3332237
Watertown  8B6-4725

Cupertino, California 95014
(408) 996-1010

SEE OUR PRODUCT AD ON PAGES 16 AND 17.
EURAPPLE

TEXAS

Bylz Shop

3211 Fondren
Houston  977-0664
Compularlang
Housign  997-0908
Austin -~ 452-5701

Computer Shops, Inc.
13833 North Cendral
Dallas  234-3412

The Computer Shog
6812 San Pedro
San Anlgnio  B28-0553

Corrputer Terminal
2101 Myrile St
El Pase  S32-1777

The ¥A Computer Siore
1200 Majesly Orive
Dallas

VIRGINIA

The Compuler Hardware Siore
818 Frankin St

Alexantria  54B-8085
Home Campuler Cenler
\iwginia Beach  340-1957
Newnorl Mews  535-1955
Timbgrville Electranics
P.0 Box 202

Dimberville  896-8926
WASHINGTOM

Team Electronics

423 W. Yakima

Yakima 453.0313
WASHINGTON, D.C.
Gerogetown Compuler Slore
J206M SLNW
Wasington, 3.C  362-2127
WISCOMSIN

Team Electronics

Eau Clare  834-0328
Eau Claire  834-1268
Madison  244-1339
Miiwaukee  461-7600
Racine  554-8505
Sheboygan 158-8791
Gregndale  421-4308
Ruinclander  369-3900
LaCresse  788-2250
Wausau  842-3354
Milwaukee 6727600
Janesville  756-3150
Manilowoe  BB4-3393
Milwaukee 354-4880
Oshkash  233-7050
WYOMING

Team Electronics
Hilltazr Shopping Center
207 S. Montana

Casper  235-66%91

CANADA

Future Byte
2274 Rockland
Maortreal, Que. -731-4638

AUSTRALIA
Compulertand

52-58 Clarence 81
Sydrey, NSW  29-3-153

applea computer Inc.

10260 Bandley Drive

Eurcpean Operations of Apple Computer, Inc.
2031 Byron Street
Palo Alto, CA 94301
{415) 964-7020
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Data Typas:

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

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. Similarly, a data file, written on
tape from BASIC by means of OPEN,
PRINT# and CLOSE statements, can be
searched for and read by another BASIC
program  using OPEN and INPUT#
statements.

With a little care, programs can be
chained together: a program scgment in
memory can automatically load the next
program segment from cassette and con-
tinue execution. | was able to do this by
placing LOAD and GOTO statements
(separated by a colon) on the same BASIC
line; the old program segment seems to be
completely erased and replaced by the
newly loaded segment, but data values are
preserved.

The PET’s built-in operating system is

Arrays: Any number of arrays of reals, integers or strings with any number of
dimensions.
Pracision: Ten significant digits for real numbers.
Speed: Executes the loop 10 FOR (=1 TO 10000, 20 NEXT 1 in about 15 seconds.
Statements: LET GOTO DIM
READ IF ... THEN REM
DATA FOQR...TO...STEP DEF FN
RESTORE NEXT RUN
PRINT GOSUB CONT
INPUT RETURN NEW
GET ON...GOTO LIST
ON ...GOosuB CLR
STOP
END
Operators: = = AND
+ <> OR
_ >= NOT
* <:
{ >
t <
Built-in ABS SIN FRE LEFTS
Functions: INT CcOoSs TAB RIGHTS
RND TAN SPC MID$
SGN ATN POS CHRS
LOG T ASC
EXP TI$ LEN
ST VAL
STR$
Other SAVE OPEN PEEK
Features: LOAD CLOSE POKE
VERIFY PRINT# USR
INPUT # SYS
GET# WAIT
CMD

Table 1: A brief summary of the features and performance of Commodore
BASIC. The BASIC interpreter was developed for Commodore by Microsoft
inc, Albuguerque NM, designers of the original Altair BASIC. According
to Commodore’s engineers, the PET's BASIC actually includes some addj-
tional features not documented in the preliminary users’ manual, from which

this information was taken.
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capable of handling multiple cassette drives
and apparently other peripheral devices
as well. A second cassette drive interface
is in fact included in the basic PET.

Commodore BASIC

Table 1 summarizes the features of the
powerful BASIC 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 peripherals 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
| have run support this claim. In addition,
Commodore BASIC is efficient in its use
of memory, for it encodes BASIC state-
ments as they are entered so that keywords
such as PRINT and INPUT occupy only one
byte. Another feature which can save time
and memory space, especially when large
arrays are involved, is the use of integer
variables (which occupy two bytes) in place
of real variables (which require five bytes).
Programs are also stored on cassetie 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 ASCI|
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 PET's character string handling functions
are worth mentioning. LEFT$, RIGHTS and
MID$ are used to extract a substring of
specified length and position 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 CHR$ converts a
character code into a single character string
for handling as such in BASIC.

Machine Language Access

The PET user is not restricted 1o working
in BASIC, for the PET is designed to support
entry and debugging of machine language
programs, and even other languages 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 1O
devices can be handled with the aid of the
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‘-8 MICROCOMPUTER ON SINGLE BOARD

WITH F-8 CPU, FAIHBUG PSU, 3853 SMI-DEVELOPED FOR DESIGN ENGINEERS AND SERIOUS HOBBYISTS

S209%

MOy

F-8 MICROCOMPUTER Model 1080

F.-.-.-.-.-.-.-.-.

Design Features Include:

» Buffered address and data bus to S-
100 expansion connector * 4K program
memory - 2708 sockets « 2K ~nbouard
page selectable static RAM « FAIRBUG
monitor plus 1K 2708 custom monitor «
Independent FAIRBUG scratch pad RAM
+ Memory protect switches « Butfered
high speed datainput port« |/0/interface
selection (all 4 ports available) » Two
sockets for /O expansion » 20 ma or RS
232 interface « Quality solder masked
PC board « Program control timers «
Documentation « 64K addressing range
* Prime parts

Circle 21 on inguiry carch.

Price postpaid Assambled $299
Cabfornia 1 vsigents add 6% 1ax

Send check. money order corporalg
purchase order or COD orgers to

19824 VenturaBlvd.
Woodland Hills, CA 81364

(213) 340-8843

lsemmemmomomm

with the source documents, with all tech-
nical changes effected by the technical
editors, rather than transcribed by pro-
duction editors from penciled or typed
correclions Lo a printed manuscript.

An Approach to Selecting
Such a System’s Hardware

With this rough functional description of
what | want, how do | go about converting
the idea into a working system with off-the-
shelf 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

evidence of the maturity of this field as
it has grown over the past few years.

My first and most important criterion
is that the system must be purchased in
complete form from one manufacturer
(complete meaning *‘assembled, tested and
demonstrated”). | do not want finger
pointing (at least initially) due to conflicts
over the ambiguous definitions of different
manufacturers’ hardware and software con-
ventions. In my case, this will probably be
accomplished by dealing directly with the
manufacturer since we already have an
-established business relationship as a maga-
zine; for readers of the magazine this can be
accomplished by using a computer store

as the local equivalent, with the proprietor
selling a complete and working system
demonstrated in the store before purchase.
I may mix and match peripherals from
other sources at a later time, but such

which had the potential for meeting the re-
quired specification. The fact that [ will
even consider several of the former kit
manufacturers for the personal computing
marketplace as the principal suppliers is

MORE 6800 SOLUTIONS:

FOR SWTPC 6800 FOR MOTOROLA “D2” M6800 SOFTWARE

AS-1 ANALOG INTERFACE MODULE A/BASIC COMPILER

* FAST, ACCURATE A/D, D/A 6K EXTENDED BASIC COMPILER
CONVERSIONS CONVERTS BASIC PROGRAMS TO
EIGHT ANALOG INPUT CHANNELS FAST, MEMORY EFFICIENT

ONE HIGH-SPEED ANALOG OUTPUT MACHINE LANGUAGE
OCCUPIES ONE [/O SLOT DESIGNED FOR RT/68 — SUPPORTS

$87.50 KIT $115.00 ASSM. MULTIPROGRAMMING
EXTREMELY VERSATILL 1/0O
e RS-232 SERIAL INTERFACE o KC CASSETTE + MANUAL — $49.95

DA w/70 p. MANUAL $69.35 RT/68MX OPERATING SYSTEM
MOTOROLA MM568104 16K RAM o EXPANDED CONSOLE MONITOR ROM
« 16K BYTES DYNAMIC RAM « REAL TIME OPERATING SYSTEM
« ENGINEERED SPECIFICALLY FOR D2 | |+ DIRLCT MIKBUG REPLACEMENT
+ EXORCISOR — TYPE BUSS * PIA OR MULTI-ACIA 1/O
s $395.00 ASSEMBLED * RT/66MX ROM w/MANUAL $55.00

DA-1 UPGRADEKIT

CONVERTS D2 TO TERMINAL I/0
RETAINS FULL CASSETTE I/O
CAPABILITY

INCLUDES RT/68MX ROM -
MONITOR/O.S.

ALLOWS USE OF BASIC, EDITORS,
ASSEMBLERS, ETC.

§C-1 SERIAL INTERFACE CARD

» RS-232 SERIAL INTERFACE

« FULL CONTROL SIGNALS
IMPLEMENTED

* MOST VERSATILE SERIAL /O
AVAILABLE

» $30.00 KIT $40.00 ASSM.

U.S. Orders Postpaid Master Charge & VISA Welcome Write or call for Free Catalog,

MICROWARE SYSTEMS CORPORATION

P.O. BOX 954 » DES MOINES, IOWA 50304 = (515) 279-9856

Circle 71 an inquiry card. BYTE March 1578 141
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Straat addrass

City Statre/Country 2ip
Full signature Date
OCCUPATION

Tltle or position

Firm name
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membarship no, {if applicable)
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Nama af educational institution

Coursa

Date
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Large computers

Minicomputers

Microcomputers

Computer peripheral equipment

Data processing systems (system integration)

Otfice and business machines

Test, measurement, and instrumentation equipment

Cemmunications systems and equipment

Navigation and guidance systems and equipmaeant

10. Consumer entertainment etectronic equipment

11. Consumar electronic appliances

12. Other consumer electronics

13. Industrial controls, systems, and equipmant

14. Components and subassemblies

15. Materials and hardware

16. Aaircralt, missiles, space and ground support equipment

17. Qceanography and support equipment

18. Medical electronics

19. Industrial companies within OEM incorporating elactronics
equipment in their end product, not elsewhere classified

20. Independent rasearch, test, and design laboratory and con
sultant (only if you are not connected with a manufacturing
company)

21. Government agency and military

22. Industrial companies using and/or incorporating any elec
tronic products in their manufacturing, research, ar develop-
ment activities

23. Communmcation (radio, TV, police)
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Transportation services (airline, railroads, etc.)

Computer and data processing services: service bureaus, soft-
ware services, timesharing, consulting

All other commercial users

Powar generation equipment manufacturer

Powar production (atomic, electrical, etc.}

Power generatian

Power transmission

Powaer distribution

tilities, except power (telephone, tetegraph, pipelines, etc.)
Distributor

School, unwversity, or library
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FUNCTIONS (Enter code)
General and corporate management

Design and development engineering (circuits, components,
equipment systems)

Engineering services (evaluation, quality control, reliability
standards, test)

Basic research

Manufacturing and production

Engineering support {draftsman, lab assistant, technician}
Purchasing and procurement

Marketing, including sales

Computer systems operations

Engineering systems planning and dasign (utilities)
Operations including construction & maintenance {utilities}
Dean, professor, instructor, etc,

Student

Qther personnel {(explain)

CATEGORY (Enter code)
Managemeant
Enginaering
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5. Duplication of data lines

With bidirectional bus drivers read-
ily availabie, the use of eight extra
lines for data in and data out is ques-
tionable. Some manufacturers are
moving from data in and data out 1o
bidirectional usage. This can cause
difficulties in some designs of memory
in a system. Although separate data in
and data out lines cause inefficient use
of space, there is some use in board
design. Also, despite any inefficiencies,
it is the standard; but on any bus
expansion to 16 or 32 data lines,
a bidirectional bus would be best.

General Comments

The Altair {S-100} bus has its problems.
However, it is widely used {over 100 manu-
facturers produce products for ). It is
speed limited, but then, the PDP-8 has not
changed speed much in a decade. (The
PDP-8 still compares well in benchmarks
too!} Inconsistency in Altair (S-100) line
definitions has usually caused few problems
to users. Noise problems on the bus can
usually be cleared up by adding termination
or shielding, or by getting a new mother
board. |t has proved to be a workable basis
for many design applications.

However, many designers will see its
obvious faults and readily define a simpler
bus, so we will see new buses in the future.®

REFERENCES
MITS, Theory and Operations Manual—Altair 8800.
D Denney and J Breom, "Why Neot a Standard
100Wire Bus Structure,”” [EEE Computer,
October 1976, pages 57 to 58.
Wi Goble, ‘“Introducing the §-100: Standard

Small Computer Bus Structure,’” [fnterface
Age, June 1977, pages 66 10 79.
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The Passing of a Pioneer

It is with some sadness Lthat we note
the passing of one of this cenury’s
greater innovators, Dr Peter Goldmark
Sr. Included in more than 150 inventions
were pioneering contributions 1o prac-
tical long playing record technelogy.
Dr Goldmark’s recent work since being
retired fram CBS Laboratories concen-
trated on innovative uses of cable tele-
yision, domestic satellites and clecironics
publishing - all areas which berder en
many of our readers’ interests as users of
computers.®

Structured
Programming
Specialists

HELP DEVELOP NEW

GENERATION VIDEO

| DISPLAY TERMINALS
AT BURROUGHS.

Qur Terminal Systems Group in Plainfield,
M.}, is conlinuing to advance the state-of-
the-art in computer peripherals and related
micraprocessar technology. 1§ you're skilled
in structored  high level pragramming of
microprocessors and want to be doing pio-
neer work 10 data entry, display and com-
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The CIE Protocols
Overview of the Protocols

Two kinds of protocols are needed to
transmit messages from one CIE to the
next. First the stations that want Lo talk
to one another must agree on the language
they will use for talking Lo one another, and
second, the stations along the path between
the two stations must agree on the language
they will 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. All these protocols
share an important property that can be
used to help them coexist with other non-
CIE Net protocols, be they experimental
variations or completely different proto-
cols: each interstation transmission and cach
end-to-end message starts with a code that
identifies the protocol set being used. In
addition, each of the different end-to-cnd
messages contains a crucially placed param-
eter line that identifies which (of a possible
set of variations) is the appropriate way to
interpret it.

The interstation protocol itself breaks
down into two parts. When the stations
first establish a connection, they must
first negotiate the parameters they will use
to initialize themselves. Once the stations
are prepared to proceed, then they need a
protocol that is adapted to the transmission
of network traffic and additional inter-
station control information. For brevity, we
will call the protocol in which the initial
negotiations are transacted the initial con-

CIE Net: A Design for a Network

nection protocol. Similarly, the protocol
for transmitting interstation control in-
formation will be called the station control
protocol. Since network messages will
typically be so long that stations will gen-
erally wish to subdivide them into trans-
mission blocks, we will call the main inter-
station protocol for handling network traffic
the block framing protocol.

Most interstation traffic will be con-
cerned with the transmission of network
messages, so | propose optimizing the inter-
station protocol toward the block framing
protocol in this fashion. When two stations
are first connected, they will use the initial
connection protocol to establish the param-
cters for all future conversalions over the
connection. The initial connection protocol
is not very highly coded and so gains a very
wide accessibility to a wide variety of pro-
tocol interpreters at the cost of inefficient
utilization of the interstation channel.
(Thus, the initial connection protoco! can be
used to establish the identity of the protocol
sel to a protocol interpreter that is pre-
pared to handle protocols quite different
from those | am proposing here. In fact, the
initial connection protocol identifies itself
in the first four characters transmitted over
the cannection.) At the end of the initial
connection protocol, the stations agree to
subsequently use the block framing protocol
for all future transmissions. That protocol
is quite highly coded for efficient utilization
of the channel bandwidth and is optimized
to handle transmission blocks of network
messages; the station contrel protocol is
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handled by the block framing protocol as
a special casc.

The end-to-end protocol also  breaks
down into two parts. There is a common
message frame, and there are five kinds of
end-to-end messages that share il The
message frame shows, al the very least, the
serial number of the protocol set in use and
the address to which the message is being
sent. It can also include some information
for error detection, acknowledging intact
receipt or both. The message frame can also
include a unique identilier for the message.

<interstation transmission>

The five different types of messages arce
distinguished by a characteristic word just
at the point where their formats diverge.
Finally, the message frame provides for
encryption, compression or segmentation
of the message contents. Encryption is
especially important if people are to trust the
network to transmit their private messages
through an unknown number of computers
belonging to people whose intentions are
unknown. Compression is provided just 1o
economize the use of narrow channels. A
uniform means of scgmentation lets people

:: = <initial connection transmission> !
<interstation message block>

<initial connection transmission>

1 = <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> ;1 = “lets'” <short addr part> <offer tail>
<short addr part> 2 = ‘" <short sender addr> """
<offer tail> = “maxbuf —" <number> <erlf>

<short sender addr> :: = "0" (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 and the sender's < ZIP code suffix>> is the lower); and

11" otherwise

<acceptance> :: = “yeah' <short addr part> <offer tail>
<denial> 11 = “nope’ <short addr part> <offer tail>
<error report> 11 = ‘“oops'’ <line> <erlf>

<reset command>
<final initial connection transmission>

“1ilt" <line> <crlf>

1= “deit" <line> <erif>

<interstation message block>>

. = <block head> <block tail> <crlf>

<block head>

{the radix-41 representation of a <ctl wd>)

{the <ctl wd>'s 1-digit radix-41 checksum)

<block tail>
<block body>

<block body> <block body checksum>
{the radix-41 representation of the <block contents>)

<block contents>>
<data contents>

<block body checksum>

<ctl wd>

<special contents> ! <data contents>
the data the sender wants to send

{the <block body>'s 2-digit radix41 checksum . ..
see the text)

{a 16-bit word laid out as follows; see the text for explanations
of the fields)

e ] e
bits

e T
bits

——— T, ——
bits

—— | ———
bit

-] —
bit

<block length>

<acks>

<block #>

<xmitdir>

<special>

<special contents>>

:: = {asequence 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 for more details)

Figure 2: Interstation transmission formats. The interstation transmissions of a CIE Net use
the syntax of this definition. The two main components of the protocol are initial connection
transmission wsed to negoliate parameters of initialization 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 of transmission on the network.
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occurs, it typicaily 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 will 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 scherne mentioned here is optimized to
detect errors that are confined to two adja-
cent digits, but it can also detect isclated
errrors.

Transmission blocks have numbers, as-
signed by counting (modulo 8) from zero;
blocks going in each direction are numbered
independently. Each transmission block
includes its own number and the number of
the next expected biock 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 thus
treated just the same as lost transmissions.
A station that has four unacknowledged
blocks outstanding can then conciude 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 duplicate 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 <block contents>.

® The <acks> field is the number of the
next expected block.

® The <block #> field contains the
number of this transmission block.

® The <xmitdir> field 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 2 number of
16 bit words that are used for maintaining
the interstation 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 — | have buffers for some more data
blocks; please send them. The number
of data blocks that can be accomme-
dated is given by the optional data and
overrides all previous allocations.

4 — Goodbye, I'm signing off. Don't
expect any maore transmissions from
me.

5 — Please reset vyourself, ['d like to
go back to the state of swapping
<greeting>s.

6 — Echo this message, please, 1'd like to
see if it got to you OK. {Only the
<block contents> are echoed.)

7 — This is the echo you requested. (All
echo request bytes in the block are
changed toc echo reply bytes when the
block is echoed.)

8 — lgnore 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>
immediately. (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 like
phoning a station’s host computer, logging
into its operating system and provoking the
appropriate programs. The details of these
operations are idiosyncratic to the host sys-
tems and cannot profitably be specified
here. These protocacls 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
tail>> {wherein resides the message contents)
can be encrypted or compressed, or can
contain only part of a long message. The
<message head> contains all the informa-
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because the sendcr really cares very little
whether they arrive at all. |t would seem
that, on the assumption that the same
phenomemon will arise in a CIE Net, the
sending process should be allowed to tell
its CIE not to request a reply to be sent
within the cnd-to-end protocol level. Note
that a <reply head> containing a <message
ID> must be included in a message for
which a reply is expected at almost any
level.

End-to-end imessages should be arbitrarily
limited in size to facilitate their transmission
through volunteer relay stations and inter-
mediate CIEs that are only loosely organized
into a highly variable network. The con-
sideration here is buffer allocation in the
intermediate CIEs because they must handle
whole messages rather than the smaller
transmission blocks that are the concern of
the relay stations. (Note that messages of
any length can still be accommodated by
several messages containing the appropriate
<partial tail>>s.) Probably the appropriate
size would be somewhere between 1000
characters and 8000 characters; the lower
limit is that of a single packet in the ARPA
Net (which, according to Kleinrock, et al,

point at which aperating systems begin to
hassle their users. Message sizes in a CIE Net
will probably be longer than in the ARPA
Net because of the absence of the flurry of
messages the ARPA Net needs Lo set up (and
delete) the connection needed for the “real”
message. The statistics of ARPA Netl mail are
probably a betier indication of what to
expect in the CIE Met: those messages
typically run from 600 to 1400 characters.
However, a CIE Net will probably contain a
lot of messages that arc even longer for two
reasons. ARPA Net mail statistics exclude
the transfer of files containing computer
programs or extended documents; both of
those tend to be longer than the install-
ments of a running dialogue. Also, people
who are relatively unfamiliar with the ARPA
Nel mail facilities tcnd to send messages that
are 3000 1o 8000 characters long, rather
than the more usual shorter messages; those
people are probably more representative of
the participants in a CIE Net, at least when
it first becomes operatienal. Thus, the
standard maximum message size in a CIE
Net should probably be somewhere between
5000 and 8000 characters.

can entirely contain 89% of the ARPA Net The Mail Protocol

messages), and the upper limit is about the The mail protocol will look familiar if
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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
toil applied to it This
<mail tif> enters the
syntax of figure 3 as one
of the options for a <rea/
tail> Mail messages con-
tain the <mail body>,
which is the message being
sent, along with g variety
of items specific to elec-
tronic mail activities car-
ried over the net.

160  BYTE March 1978

you know about the ARPA Net mail pro-
tocol. The protoco! (see figure 4) is a com-
promise between the current ARPA Net
mail protocol, its proposed replacement
and the different requirements of a CIE
Net. It specifies a <mail il> 1o consist
of a bunch of hecader lines, a blank line, and
then the text of the mail. The header lines
are intended to be intelligible both to a
human and to an automatic message han-
dling program; the text of the message is
only intended to be intelligible to a human.
The <user name> in a <mail address line>
is intended to be a name that is intelligible
to the appropriate destination CIE, and the
<user name> in the <mail sender line> is
intended to be intelligible to the sending
CIE if a response is generated by a highly
automated mail processing program. The
only reservation is that a distinguished user
name, manager, is to be reserved for mail
senl to the people operating the CIE by
people who don’t know their names.

The header lines are grouped at the front
of a mail message and are set off from the

<mail body> by an empty line. The header
lines are suggestively titled, but two of them
should be cxplained somewhat further, The
“from:"" lings serve as signatures, and the
“sender:” (or “sent-by:") ling tells who
actually sent the message; the <mail sender
line>> can start with “from:” if the person
sending the message also signs it. The Yen-
closures:” line indicates the parts of the
<mail body>; that can profitably be
thought of as separate enclosures, such as
other mail messages or files being forwarded.
The <number>s are offsets into the <mail
body>>, with the first character of the
<mail body> being numbered zero. Any
enclosure whose end is implied by the be-
ginning of the next enclosure or the end of
the message can be indicated by a single
number; other enclosures must be indicated
by a hyphenated pair of numbers. Then, the
automated mail systems have the informa-
tion they need to help the recipient detach
the enclosures. Any enclosure can, at the
scnder's option, be described by a parenthe-
sized comment to further aid the recipient.

<mail tail>»
< mail head:-

< mail address lines’»
<mail address line:-
<colon>
<addresses>-
<individuals>-
<individual™

< mailbox>

<user name.:*

< personal name>
<gapl>

<group>

<name’>

<mail sender line>»

< optional mail headers>

< optional mail header:-

< date header:-
< enclosure header>-
< enclosure list>

<enclosure item:>

«<<mail body >

2mail head. - -<crlf> < .mail body:-

“‘mail”’ -.gap.- -.mail address lines>-
-.mail sender line:~
| ~‘optional mail headers |

-‘mail address line>- [ <-mail address lines>> |

{ “to" t“cc" ! “bec” } ~.colon~ <addresses™ <erlf>

~.gap:> “:" <gap:-

{ <individuals:: ! <group:- } | “i" <addresses> |

<individual> | *,"" Zindividuals>- |

<.mailbox™ | “'(" < personal name> )" |

- user name:- { “@" ! <gapl:> ‘“at” <qapl:> 1
-.net address>

< name:-

< name.

(a - gap>» containing at least one character)

<name. <colon: | <individuals:- |

(any sequence of letters, digits, blanks, periods and dashes, but not
containing the string ** at ')

sent-by”" } <colon> <individual> <crlf»

"oy

{ “from™ ! “*sender
~.optional mail header>> <erlf> | <optional mail headers> |

< date header>- ! - enclosure header>- !

“in-reply-to’’ <lcolon> <source net addr™ < colon> <message i.d.> !
“from'' ! "keywords'’ ! “password" !

“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> -

“'dale” ~colon - { <dater ! <line> }

“‘enclosures” -’ colon.- < enclosure list:-

<enclosure item> | ', < enclosure list™- |

<gap-- <number™> | ' " <number.- |
I ~gap - x.(n ~ name. “)-1 |

the mail's body
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Large amounts of junk mail can be a real
problem when the recipicnt must pay to
store it for the time before examining it.
There is, however, a partial solution that
involves a novel use of passwords. A CIE
could 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 negotiated password
for admittance. Then, an incoming mail
message would be placed in the “goodguy”’
mail file if it included the proper password
in its header; otherwise it would be placed in
the junk mail file if there was room; other-
wise it would be rejected. Presumably,
people using such a facility would spread
their goodguy mail password around and
occasionally change it when it cventually
spreads too far.

The most glaring flaw in this scheme is
that a single energetic source of junk mail
could prevent people from receiving legiti-
mate mail from pecople who, for any of a
large number of conceivable reasons, didn’t
happen 1o know thc appropriate goodguy
password.

The File Protocol

The file protocol illustrated is not too
well thought out and should be taken as
an extremely skeletal suggestion of what a
file protocol should look like. 1ts main
notable featires arc that it leaves file name
format and user access asscrtion largely
unspecified so that idiosyncrasies of diverse
host systems can be accommodated grace-
fully. It allows a ClE to tell a sccond CIE to
move a file to a third CIE in a manner simi-
lar to the DAP portion of the Digital
Equipment Corporation’s DECnet. Its most
obvious shortcoming is that it treats files as
indivisible atoms; perhaps it should also in-
clude a facility to subdivide a file like
DECnet does. This would help conserve
transmission bandwidth and buffer space
by allowing people 1o selcctively move small
parts of files when appropriate. However,
that would commit the <file tail> format to
some particular file structure, and that com-
mitment would be stronger than the com-
mitments implicit in the <partial tail> or
<enclosure item>>. | omit Lhat facility be-
cause it will be of limited utility at first, it is
well-isolated from the rest of the protocols,
it is highly arbitrary, and it can be added
later.

One should note that the file protocol
involves sending information (eg: passwords)
through the net that, one might think, was
better kept out of hands that are not com-
pletely trusted. That's not qguite the case,
however. Those passwords should 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 file retrieval from a particular foreign
CIE. Part of the negotiation would involve
the file requesting process and the CIE
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 file retrieval request and used
in the file 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 file space
should be charged; then the <file store
info> wouldn’t need to contain account
names.

The file protoco! includes a couple of
things that can be idiosyncratic to the CIE's
host system. The information (and its for-
mat) contained in <file access> and a <file
name> varies widely between operating
systems, and so it would be inappropriate
for these protocols to say anything maore
about them than that they cannol contain a
<crlf>. By the same token, a fair portion of
the operating systems in captivity cannot
gracefully append information to a file that
preexists; a CIE with such a host should {eel
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
require that such requests be acceptable
to all CIEs.

The Reply Protocol

All replies in the end-to-end protocols are
sent via the reply protocol. This is at vari-
ance with both the ARPA Net and DECnet,
which extend each of their other protocals
to include a separate idiosyncratic reply pro-
tacol. The reason for 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 CIE Net is derived
from the way it allows for very long trans-
mission delays, which would require much
longer connection lifetimes.) The <reply
tail> can optionally include a word (eg: file}
giving the general area of its relevance; it
then contains more specific information on
the disposition of the message for which it
is replying or requesting a reply.

The reply protocol covers use of the
<reply head> and the <reply tail>>, whose
formats are shown in figure 3. A<Umessage>>'s






Figure 5: <file tail> for-
mats. Another option for
<yreaf 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.
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<file tail> 1= “file’ <line> <ecrlf> <file commands>

<file commands> 0 = <file retrieve> <erlf>> | <file commands> |

t <file store> <erlf>

<file retrieve> i = <file access~ <erif>

“retr'’ <gap> <file name> <erlf>
“dest'" ~‘net address> <crlf>- < file store info>

< file access>> i = “acce' <gap> (a <linel> that will convince the recipient of this
< message> to grant the required access, typically containing
a subscriber name, password and account)

< file name> 11 = <line>
<file store info> ir = <file access> <<crlf> { “'stor’ ! ''appe' } < file name>
<file store>: :: = <file store info> <crlf>

“data:" <line>> <crlf> (the file's contents)

<reply head> gives it a “name,” which it
needs if it is cver to be acknowledged in
the end-lo-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 are carried in <reply
tail>s. A <reply head> can contain one of
the words “‘rsvp”’ or “later”; the former
requests an immediate reply, and the latter
merely informs the destination CIE that a
reply may be requested at some later time.

A <reply tail> also provides a means by
which replies can be requested at a Lime
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 the relevant information
against the reply's getting lost in the net. A
<reply head>, then, means that the desti-
nation CIE must keep a permunent record
of the <message> containing 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
unspecified retention period, most likely
ranging from a few milliseconds to a few
weeks. If it is asked to reply to a message
of which it has no memory, it can reply
“unknown.” Of course, end-to-end acknowl-
cdgement will be impractical for <message>s
sent to a CIE with a very short retention
period, but that is a matter more properly
left for a CIE’s subscribers to work out with
the operators of their own and competing
ClEs.

The <reply tail> also provides a means
for replics 10 be sent from (or requested of)
other levels in the end-to-end protocol; the
optional qualifier (such as “file"’) gives that
detail. Thus, an unqualified positive reply
{ie: “reply ok”) to a mail message needn’t
mean anything more than that the message

arrived at the CIE and was dispatched to the
program that handles mail. A positive
reply qualified as coming from the mail pro-
gram (ie: "reply mail ok}, however, neces-
sarily means that it was intelligible 10 the
mail 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 CIE; for instance a *'reply reply discard"’
message containing a <message D> in its
<reply head> will clicit a "“reply ok" mes-
sage from a CIE that exists and believes
itsell to have a reply program. [f a “reply
reply echo' doesn't elicit an echo, then the
reply program itself could be malfunctioning
in some basic way.

This flexibility allows the user to decide
the appropriate level at which replies should
be generated or whether they should be
generated at all. (Presumably the appropriate
programs will 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 "reply |xxx|
echo"” should be embedded in the appropriate
type of ‘reply [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 should
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 |D> in
a <reply head>.

This completes the presentation of a
skelch 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 will
provide the substance of the third and final
part of this series next month.m
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Microchess 1.5 versus Dark Horse

Peter R Jennings

27 Firstbrooke Rd
Toronto, Ontario MAE 212
CANADA
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When the Second World Computer Chess
Championships were 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 Harse for the day after
the tournament.

Dark Horsc is a program written by UIf
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 analyzing 12,000 posi-
tions per move made. In addition, it utilizes
its opponent’s time by preparing replies 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 finished in sixth
place at the World Computer Chess Cham-
pionships.

Microchess is a program | wrote for the

White: Microchess Black: Dark Horse

It was decided by a coin toss that Microchess
would play white. Since neither program makes use
of an opening book, the opening is a little unor-
thodox. However, by move 3 the position looks
tike a normal opening.

1. N-OB3 P-K3
2. N-KB3 N-QB3
3. P-K4 N-KB3
4. P-K5 N-KN5
5. P-Q4 P-Q4
6. B-KN5 B-K2
7. BxB QxB
8. B-K2 Q-N5
9. R-QN1 0-0
10. P-QR3 Q-K2
11. 0-0 P-QN3
12. P-QR4 Q-N5
13. P-KN3 B-N2
14. B-NS P-QR3
15. N-QR2 Q-QR4
16. BxN BxB
17. P-N3 P-QN4
18. Q-K1 QxQ
19. R{B1)xQ PxP
20. N-N4 PxP
21. NxB PxP

Dark Horse evaluates the pawns captured plus the
resultant pawn on the seventh rank as more valu-
able than the lost bishop.

22. N-KZ2ch K-R1

23. R{N1)-B1 R(B1)-K1
24. N-B6 K-N1

25. RxP P-QR4

26. R{K1}-K2 P-RS

27. N-N4 R{K1)-0B1
28. R-N2 P-QB4

29. N-Q3 P-R6
30. R{N2)-Q2 PxP

31. NxP R-B5
32. N-B4 P-R7

Dark Horse, which prints out the expected contin-
uation, expected 33. RxP RxR, 34. RxR RxN, 35.
R-K2, winning a knight for the pawn. It did not
foresee 35. R-R8 (mate in one) because it trun-
cated the analysis at 6 ply on this continuation. A
search to0 9 ply would be necessary to determine
the threat.

33. P-B3

Microchess did not take the pawn because it ex-
pected the same continuation that Dark Horse
projected, with the loss of a knight. The threat
of P-R8ch was not evaluated correctly due to a
bug in the program. This blunder resulted in a loss
for Microchess.

33. ... P-R8 {Q)ch
34. K-N2 NxP (K5)
35. N-N3 Q-B6

36. K-R3 RxN

37. PxR QxPch

38. K-R4 Q-N5 Mate!

Microchess took 47 minutes while Dark Horse
required only 11 minutes of processor time for the
game. Part of this difference is explained by Dark
Horse's ability to compute responses on its oppo-
nent’s time.

Although Microchess was defeated by Dark
Horse, it was not as one-sided a game as might be
expected given the difference in computing power.
Further improvements in Microchess will probably
bring it close to the playing level of Dark Horse
and other programs in its class, but at a slower
speed.







Take a Course

Richard Mac Millan

19104 Alpengiow Ln
Brookville MD 20729
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As is becoming the case for more and
more people, my job is bringing me into
contact with the quickly evolving ficld of
microprocessors and their applications. This
| find fortunate because for several years |
have had an intense intercst in these gadgets
and their potential use in certain hobbyist
applications.

My employer and | agreed that it would
be useful Tor me Lo learn as much as possible
about microcomputers in order to cvaluate
their future impacl upon the transportation
field. {I'm an engineer in automolive elec-
tronics.) To that end | started looking
around for a seminar that | might attend.

Onec that caught my cye, a course given
by Wintek Inc, offercd a “free” micro-
compulter ta each participant. The 3 day
seminar that was being offered included a
discussion of microcomputer hardware and
software as well as hands on experience
in a laboratory. The program was based on
the 6800 processor lamily for illustrative
and training purposes.

Having signed up Tor the Wintek course
in advance, | presented mysell at the
appointed lime and place (a meeling room
at a local Sheraton Inn). The Wintek pro-
gram was proesented by Dr Paul Wintz and
Jim Wilson, the founders of the company.

Of the 35 participants, mos! were either
engineers who, like myself, wanted o
broaden their knowledge of micrecompulter
programming, or they were professional
programmers looking to increase their
understanding of small systems applications.
Several turned out to be computer habbyists
as well. Most seemed o be lured Lo this
particular course by the offer of a free
microcompulet.

Material For the course was organized into
a large 3 ring binder which provides an
excellent reference after the course is con-
cluded. The first morning (Tuesday) we
spent learning our way around the 6800
system. The bus structure was described in
some detail as was the addressing of 10 and
memory. The 6800 instruction scl was
introduced as well as Lhe various addressing
modes that may be applied to each instruc-
tion,
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Wintek has developed its own read only
memory monilor program which it calls
FANTOM Il. FANTOM [l is resident in a
1 K rcad only memaory 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 reviewed before
lunch on the first day. After lunch the class
broke into two groups with one going into
the first lab session and the other continuing
in a lecture.

Lab consisted of a cluster of vidco ter-
minals each connected to a Wintek 1 card
microcomputer. Students worked in pairs
on problems outlined in the course noles.
An instructor was always available Tor
assistance. The 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 the
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
varicus types of memories, their applications
and trends to look for in the future. The 10
devices of the 6800 family were also
covered. The 6850 serial 10 port {really an
intelligent UART style interface device)
was presented both as hardware and in
terms of its use when programming to
communicate with external eguipment.
The 6820 was then discussed. This device
is a dual programmable & bit parallel 10
port. Both the serial device and the parallel
device interface directly with the 6800.
Finally, time was spent learning the various
ways that interrupts can be handled.

One of the best features of this course
was the lab work. Working from simple
programs to ones of more complexity
with the aid of an instructor helps to
build confidence in oneself. My |ab partner
and | worked our way through a program
thal gencrated a time delay via a count
down loop, then used the loop as a basis
for a timekeeping function. The terminal's
beli function was used to mark the seconds
and then the whole thing was integrated
into a program that performed a digital
clock function.

By the time Thursday rolled around we
were trying to service interrupts from the
video terminal in the middle of the time-
keeping program. For those with more
proficiency at machine language program-
ming, there were more challenging projects,
including a program to decode Morse code.

Lecture for Thursday turned to a com-
parison of the various microprocessor












Blubs 3nd

Newslcticnrs

Philadelphia Area Computer Society

The Philadelphia Area Computer Society
was formed to educate computer users in the
Philadelphia area and to inform the general
public aboul computer technology and its
implications -for the future. Membership is
open Lo 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 Datg Bus as well as participation in
group purchase programs and club projects.
Members also receive borrowing privileges
in the Society's software and literature

library.
Conducted by PACS meectings are held in the LaSalle
David Wozmak College Science Building at the corner of
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20th and Olney {12 blocks north of US 1 on
Broad St). Write to PACS, POB 1954, Phila-
delphia 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 maore
informal, with discussion and problem solv-
ing. The group also publishes a newsletter,
Nerthwest 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 amang
those interested in computing.”

Club dues are $10 annually, from July 1
thru June 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, /PSO
FACTO, which has all kinds of information.
The last issue | 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 LBG 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 MNeel, 2821 Sunset R4,
Apopka FL 32703.

NCCCCC (NC3)

On May 5 and 6 the Northern California
Community College Computing Consortium
(whew) Spring Conference will be held at
Sierra College, 5000 Rocklin Rd, Racklin



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-
gramming twists and information concerning
the HP-65. Also included are programs and
club information. Contact Richard J Nelson,
2541 W Camden P!, Santa Ana CA 92704.

San Diego Computer Society

This group publishes a well put together
newsletter, Personal Systems. It contains
¢lub information, programs and so on.

The San Diego 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 address 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-
cerning all the clubs, including meeting dates.
The March dates are as follows: SCEAM:
March 30; UMG: March 1, 8, 15, and 22;
MCS: March 5; ATRA: March 7, 14, 21, 28.

For more information concerning 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 (SLAC). 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 features 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 Iroguois Trail, Ona WV 25545.®
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THE WAY YOU LIKE IT

As&wﬁ%aarldmtfg‘gd ................ e $595
16K kit . R e e cereeaa.. $525
BKKit ..o e .....$295
Kitwith all but 2174 memories . . cerirenee..... 588
BIANK BOARD............ . X |-

COMPARE THESE FEATURES:

® 5100 BUS COMPATABLE

® COMPLETELY STATIC WITH NO CLOCKED CHIP-SELECT OR REFRESH

WILL RUN ON Z-B0 SYSTEMS AT 4 Mhz WITH NO WAIT STATES

WILL RUN ON ALPHA MICROSYSTEMS AM-100 AND ON DMA SYSTEMS

USES 2114 MEMORIES—AN INDUSTRY STANDARD

HAS INDIVIDUALLY ADDRESSABLE 4K BLOCKS OF MEMORY

SOFTWARE WRITE PROTECTION IN 4K BLOCKS

PAGING OR BANK SELECT FEATURE FOR MEMORY EXPANSION AND LOW

SOFTWARE OVERHEAD TIMESHARING SYSTEMS

COMPLETELY BUFFERED ADDRESS AND DATA LINES

SINGLE 8 VOLT POWER SUPPLY

® HIGH QUALITY, LOW PROFILE SOCKETS FOR ALL IC'S

® SOLDER MASKED P.C. BOARD AND SCREENED PARTS PLACEMENT LEGEND
FOR EASE OF CONSTRUCTION AND DEPENDABILITY

[ A X RN N ]

S-100 BUS TERMINATING BOARD $25
Absorbs noise, overshoot, ringing, reflection.
S-100 EXTENDER BOARD $16

With jumpers in power supply lines for current measurements, Low profile
s0 card can remain in the machine with cover on. Wide edge connecior.

PRICES SHOWN INCLUDE U.S. SHIPPING. WE ACCEPT VISA, MASTER CHARGE,
CASHIERS CHECK, M.O. ALLOW TIME FOR PERSONAl CHECKS TO CLEAR. C.O.D.
ORDERS ADD $1. UTAH RESIDENTS ADD 4% % T

DiGiTAL VhCRG SYSTEMS

BOX 1212, OREM, UTAH 84057

\___ (801) 224-2102

ED SMITH’S SOFTWARE WORKS
Announces A
M6800 SYSTEM RELOCATING ASSEMBLER
AND LINKING LOADER
for SWTPCo or Altair 680b

ATTENTION ALL NON DISC 6800 OWNERS:. Now you can produce large object pro-
grams without the rastriction of requiring enough memory storage to conlain 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 te
assembled separately and then linked together al load-time. This, in effect, allows as-
sembly of programs whose object code alone would require most of your system
memory Load-time linking also provides the capability of setting up program libraries
which can be called by any program without having to include the text in each assembly.
This assembler has many leatures new to the personal computing market, such as relo-
catable code, a full alphabetized cross teference listing, both local and global labels,
listing of execution time, 8 character labels, use of a break character in labels, variable
column print and terminal listing formats, and for all those PR-40 forty column printers
out there the ability to produce an 80 column professional looking assembly output
listing The assembler also includes a mini-editor to allow cotesident correction of as-
sembly errors, load and save source code, generate new source code, list source cade,
etc. The source code uses the TSC Text Editor format so that their program may be used
to compliment and expand the included editing functions.

The Relocating Assembler and the Linking Loader are furnished on cassette in relocat-
able formatted code, so they may be placed anywhere in memory. A short mini-loader
program 1n standard Mikbug format is supplied to initially load the Linking Loader at
any desired address. A comprehensive Instruction Manual and an extensively commented
assembly listing complete the M68AS assembler package.

MB6BAS ... ... ... $50.00

A disc oriented version of the Relocating Assembler and Linking Loader 15 also available
from Smoke Signal Broadcasting.

Other Programs (see Dec. Byte}

ME800 Disassembler/Trace . .. .. ........ MEBDT ...........o0iinnennnn $20.00
M6800 Source Generator. . . ............ MBBSG . ........... i 25.00
MGEBOO Relocate. .. .. ........-........ MEBRL . ................ . 0h 10.00
MGB0O Binary Loader . ... ............. MBBBL . ........ciniiinnne s 10,00

Package of above 4 programs. . .. . ..... .

Otder direct by check Specify system configuration if other than SwTPCo California
residents add 6% sales tax

Note  We shortened our address:

Ed Smith’s

SOFTWARE WORKS

P. O. Box 339
Redondo Beach, CA 90277
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Controlling the

For many experimenters, the micro-
processor is an exceilent source of mind
stimulation, and that is a laudable end in
itself. But after you figure out how a com-
puter works, perhaps build one, and play
various games with it, you might want Lo try
your hand al process control.

15w
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i e) MCS-I
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Figure 1: Simple haff wave control of AC operated devices using an SCR
{silicon controlled rectifier) optocoupler.
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Figure 2: Full wove conirol of AC operated devices using an SCR
optocoupler,
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Real World

Hank Qlson
POB 339
Menlo Park CA 94025

Industry looks upon the microprocessor
as the controller of processes, whether as
large as a steel rolling mill or as small as a
telephone  instrument. And, indeed, the
microprocessor may be one way to help
solve the automobile emission problem,
the fuel crisis in home heating, and a myriad
of other current social problems.

The output of an appropriate set of ones
and zeros by the microcomputer {after it has
digested all its inputs and instructions) is all
that is required Lo solve the problem,
theoretically. However, there still remains a
fair gap between the microcomputer output
and the closure of a solenoid valve in a piece
of machinery, for instance.

Figure 1 shows one such real world
application, an SCR (silicon controiled
rectifier) optocoupler used to control a 117
VAC line operated device with microcom-
puter output logic voltages. This circuit
will 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
shown in figure 2, by using a diode bridge
in conjunction with the SCR photocoupler.
This is an old trick developed to allow SCRs
to be used for full-wave control. It came
into use before the introduction of the
Triac.

There is another way of achieving full
wave AC control: Use a dual SCR opto-
coupler such as the Monsanto MCS6200.
Since there are two light emitting diodes and
two photo-SCRs (each LED controls its own
photo SCR), one can connect the LEDs in
series and the photo SCRs in reverse parallel
to create the equivalent of a Triac photo-
coupler. This connection is shown in figure
3. (The MCS6200 is useful for other applica-
tions, of course, such as polarity reversal )
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device.

The MCS-1 and MCS56200 are rather
limited in their current handling capability,
however. The MCS-1 will carry 250 mA and
the MCS6200 will carry only 150 mA. This
sort of capability is fine for lighting small
light bulbs, but hardly suitable 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 probiems 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
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heater, the zero voltage and zero current
paints are coincident in time; but, in general,
AC loads will have inductive or capacitive
reactance. The current and voltage wave-
forms will therefore be not quite in phase,
For general use, we wish our logic con-
trolled AC switch to have both zero voltage
turn on ¢nd zero current turn off. Such
a device is the modern solid state relay.

The Monsanto MSR100B is a good
example of the solid state relay. As with
other optically coupled devices, the solid
state relay maintains complete isolation
from the logic level controlling system, The
MSR100B is shown in block diagram form in
figure 4. The device is rated for 10 A at 120
VAC. So up to 1.2 kW can be controlled
with anly TTL level inputs. The modern
solid state relay has a myriad of protective
features built into it {see figure 4). The zero
voltage turn on and zerc current turn off
features contribute most to the desirability
of the solid state relay since they can atten-
uate line transients and radio frequency

ot ——
[}
[}
[}

1
- ) ZERO R
Bt';g;,, - ; CROSSING TRIAC AC
VOLTAGE vie) FILTER X TRIGGER QUTPUT
i T CIRCUIT

- YO

Figure 4: A typical solid state relay. Units such as this Monsanto MSR 100/200 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 us) of signal strength from falsely switching
the relay. The output filter suppresses transient signals generated either from inductive loads or

fong lines.

Figure 3: Using a dual SCR
optoisolator for full wave
control of an AC operated
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Figure 5: Use of an
opiocoupler o directly
controf a relatively small
foud.,
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30
Lo
W«
25
20
o
\f= 20T L]
1C COLLECTOR S
CURRENT IN
DETECTORImA} |5
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Figure 6 Monsanto MCT-1 solid state relay characteristics for various LED

CLrrents.

Figure 7: Use of an
external NPN transistor to
incregse load current con-
trof capabilities.
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interference that could get back into the
processor and unload memories or modify
programs. Solid state relays are made by
International Rectifier Corp (Crydom),
Amphencl (Runker Ramo}, C P Clare,
Douglas Randall {Kidde), Electrol, Gordos,
Gould {Allied Control), Grayhili, Heineman
Electric, Potter and Brumfield, Teledyne,
and Theta-), to name a few. [t 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 rating, but units
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 applica-
tions? The automobile is one answer. The
auto industry hopes to use microprocessars,
but must operate them from +12 VDC for
reasons of practicality. The SCR opto-
coupler in figure 1 can not be used for DC
control, unless one wishes the DC being
controlled to latch “on.” That is, once the
controliing 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
phototransistor as the output device. Such
optocouplers are widely available from most
ol 1he semiconductor producers. Among the
producers of optocouplers are Fairchild,
Hewlett-Packard, Litronix, Monsanto,
Motorola, and Texas Instruments.

An example of the use of optocouplers
for isolated DC contrel 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
collector output current to photo diode
input current (about 35%). Newer opto-
couplers, using photo Darlington 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 will cause 50 mA of current to flow
in the collector of the output {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, like the Monsanto
MCA2200, which will stand 200 V) A
capability of 30 V and 100 mA means that
optocouplers can handle relatively small
loads of only a few watts. This is not a
problem, since the optocoupler can be



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 Lo increase voltage or current cap-
ability 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 exter-
nal transistor} it is desirable to add “‘induc-
tive kick' protection. The inductive kick
occurs when the transistor attempts to turn
off the inductive 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 varistor must be chosen so as to draw
reasonable current when the normal coil
voitage is present across it; thyrite 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 various optically isolated couplers dis-
cussed here, 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.m
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Figure 8: Using an ex-
ternal PNP  transistor to
increase the foud cuirrent
capability. This circuwit is
useful when the load must
have one side comman
to the control system
ground.

Figure 9. Use of a high
voltage NPN transistor to
drive a foad requiring high
DC voltages.
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Figure 10: Using a diode to protect the drive transistor from an inductive

kick voltage overload.
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Figure 11: A circuit which uses a thyrite varistor to protect the driver
transistor from an inductive kick voltage overioad.
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Miscellaneous hardware required:

2 fuse holders

Line cord and switch

Chassis

Power terminal strip

Heat sinks (4) for power semiconductors

L
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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 V at 0.35 A and 5 V at 4 A.

The software which | have developed is
reasonably primitive but should be a valu-
able tool 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
toe and from specified locations on the disk.
The user is prompted for the location which
is indicated by one character from A to P,
This 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 fterminal. The exit function
returns control to the Motorola MIKBUG
monitor, The start function performs a {MP
1o location 0100, the start address of the
SwTPC software.

Hexadecimal

Condition Value of Bit Bit Position
Deleted Record 80 Bit 7
Fault 40 Bit6
Track 00 20 Bit 5
Disk Protect 10 Bit 4
CRC Error o8 Bit 3
Busy 04 Bit 2
Ready 02 Bit 1
Data Service 01 Bit 0

Table 2: Controller status byte. Each bit of
this byte determines one flag 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
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A 6820 PIA part

determines the state of the
various interfuce lines and

effects the transfers.
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Power Connections will preserve the memory used by the disk
load routine and save 8 K BASIC on disk.
1C Type +5 Gnd
1c1 6820 20 1 ® [oad 8 K BASIC from cassette or paper
1C2 8835 16 1 tape.
1C3 8835 16 8 ® Change memory location 0044-0045 to
IC4 8T97 16 1,815 hexadecimal 2DFF. This is the upper
Ics 7400 14 7 memory limit that BASIC will attempt

Using these basic functions, programs
such as the Editor, Assembier, 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 1O is performed 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 located
you will be able to load each program
directly from disk.

For example, the following sequence
can be used to modify 8 K BASIC so that it

to use.

Load DISKLD from cassette or paper tape
and start.

DISKLD should respond with “22LDR>.""

The 22 is the status as defined in

table 2. If the status is other than 22

or 02 you should look it up in table 2

and determine what the problem is.

response to “LDR> enter “W" {for
write).

response to “1D-"" enter the [D you

wish to save BASIC under. (B is a

logical choice.)

DISKLD should respend with the status
again {which should be 02) followed
by another status and the “LDR>"
message.



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.

® [f the system has been powered down or
DISKLD is not loaded, load it from
tape and start.

@ |f the status is correct enter “R" for read.

® In response to “ID—"" enter the ID of

BASIC {"B").
@ |f the status is correct enter '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 I D and performs an
8 K byte disk write.

DTERM — lIssues 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 MIK-
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 requirements are
defined in detail in the documentation
supplied with the disk kit. These basics
should make the SwTPC interface more
understandable:
® D1 to D8 are eight bidirectional data
lines. Their direction and contents are
defined by the status of the DOT and
DATA control lines. Note that Sykes
defined the high order bit as D1 and
the low order bit as D8. {Motorola and
SwTPC define D7 as the high order bit
and DO as the low order bit.)
¢ RESET is a bidirectional, ground asserted

signal. The interface is designed so that

Listing 1: Software of the primitive disk
interface software used to test out the drive
and provide a minimum level of mass storage
function. DSKLD performs four functions:

R = read a block from djsk.

W = write a block to disk,

X = exit the DSKLD program,

S = start g program at the assumed entry
point of hexadecimal 100.

This program was assembled and listed using
a printer with narrow width, so comments
are somewhat restricted. The terminal
command interpretation js done by means
of a sequence of comparisons at addresses
2E74 to 2E22.

only the processor can send a reset
command to the disk controller.

® 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
fines (D1 thru D8) will contain a data
byte. When not asserted, 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 transferred on the data
lines.

Section A of the PIA is used to handle
the data lines. The peripheral control line
CA?2 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 receive flag information from
the disk controller. Initially CA1 (PIA
section A interrupt input) 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 | have the following
suggestions. The easiest type of disk alloca-
tion system to handle and integrate into

W LIsar
kT ¢
o1 HiP
[ L
0FT W
4 SUPER STRFLE LIS 00T
L]
EBES  MIKBWS ECU SENES
7E POATSL ECG SEOCE
E1RC TEZE PR SELS
€01 UTEEE EQU  JEAD1
EREF  OUTCH EQU  SEGEF
B (PIA EQU
*
e ORG $2E09
XM CONTRL EQU
2By [0 2632 JoR - OINIT
%El’l' o] [N ] PESE
2E05 ED 2E47 ISR oo
2E63 B0 EGBF sk OUT2H RRIN
T STATLE
2£08 CE 2032 LDx  ADEHMSE
ZEBE ED EB/E IR POATRE
ZELL BD E4RC J5h INEEE
2e14 8 52 e R OR
26 27 12 BEQ  DCRERD
ZE18 B1 57 CHP & WH
2E1R 27 11 BEG  DOWRIT
2E1C 81 S8 P A ax
ZELE 27 1B BER  OCEXIT
2620 81 53 CHP R #'S
2E22 27 03 BEQ  DESTRT
2€24 TE 2Eed J¥ DONTRL
.
2637 TE 0188 [LOTRT JP 4100
2E2R TE ZEEB DORERQ IMP DIPLR
220 TE ZEAY OCWRIT TP DIPLH
2E30 TE EDEI T HIKBLG
2E33 40 DOMSG FCC ALDRD/
2E3T ™ % I
* SUBRIUTIIES
E®  DINIT EGU ¥ INIT
TRUTZATICH
2E38 (€ &iad LBx  #DPIA
2E3B 6F 93 R X SE
CT hh REG
2E30 86 a3 LDA A #43 ST
CONTROL LIKES TO OUTPUT
2E3F A7 B2 STRR 2%
2E41 86 B4 LOA R A4
2E43 A7 93 STRA 2% SELE
CT DATA &G
2E45 20 15 R BRR  DSTAT
X4 OCiM EQU » com
AND 1SSUE
¥ :
* QUTRUT: RA=STATUS
* : %=PIR ADDRESS
2647 CE 8604 LD #PIR
2E4A C6 82 LA B 482 CorN
RND MODE
2¢4C E7 82 STR8 2%
2£4E 6F B1 R  4LX
2E90 06 FF LA B HFF SET
PIA
2E52 EV 98 STRE 8% FOR
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Continued on next page
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Listing 1, continued:
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existing programs is allocation of contiguous
disk space to a given file. This type of
allocation has the disadvantages of needing a
disk clean up routine to compact unused
space and zlso results in more wear at the
beginning of the disk but is much easier to
develop than a system which allows alloca-
tion by scctors or pages. Because of the
relative ease of implementation the fol-
lowing ideas are based on the contiguous
allocation design.

Disk Directory

Track 0 should contain a directory of all
the files on the disk. | think the following in-
formation should be contained in each disk
directory entry:

® File Name: 1 to 6 character name used to
locate the file.

® Type: An indicator to show if the file is a
source program, an absolute object
program, etc,

® BOE: Beginning of extent. The track and
sector where the first record of this
file is located.

® EOE: End of extent. The last track and
sector which is allocated to this file.

® EOD: End of Data. The last track and
sector of the file which contains actual
data, The space from EOD to EOE is
for file expansion.

® Delete Flag: Indicates that this file has
been deleted. This is used by the com-
paction routine to compress out
released space.

® Creatior of Date and Time: This informa-
tion is optional but space should be
allocated for it in case it is added at a
later date.

All of this directory information could be
easily contained in 32 bytes with space left
over for expansion. This would result in
four directory entries per sector or 104
files per disk if all of track 0 were used to
contain this information. Actually, sector
1 of track O should be reserved for disk
header information and pointers, thus
leaving 25 sectors or 100 entries.

Disk Utilities

The “ollowing utility routines are
necessary to manage the disk system.

® List Directory: This program lists direc-
tory entries so that the user can
determine what is on the disk and
perform any desired housekeeping.

@ Define or Delete File: This program
allows the user to delete an existing
file (ie: set the delete flag in the
directory) and to define the char-
acteristics {name, size, type} of a new
file.

® Pack Disk: This utility moves files so that
all allocated disk space is contiguous
and updates the file directory,
removing the entries for deleted files.
When this operation is completed all
free disk space is at thce end of the
disk.

® Copy File: Performs a disk to disk copy
or a load from tfape to disk or save
from disk to tape.

Disk 10 Subroutines

The following subroutines must be made
available to the applications programs to
perform disk 10.

® OPEN: Sets up 10 information about the
file.

® CLOSE: Deactivates the file and updates
the directory entry to indicate any
change.

® READ: Transfer a file block to memory.

e WRITE: Transfer a file block to disk.

® POS: Position a file to a specified file
block.

File Control Block

This is a table which is used to maintain
current information about a file while it is
being used {open). This table 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
applications program 1o tell the disk 10
handler what operation is desired and on
what file. Error status can be returned to the
application by the disk 10 handler in this
block.

These are all the basic pieces necessary to
put together a disk operating system, Once
this is accomplished the applications
programs must be modificd 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 and debugged you should know
everything about 6800s and disk 10. In fact
you have learned so much you can start over
and do it so much better. Thus, on goes the
endless saga of systermn software.m
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Software Bootstrap

Location Op Code
140 000 303 003 140 JMP 140 003
140 003 (start of bootstrap program)
1 (]
AIB[;:>-7 'y t
b
|
7486 I
4., ]
A4 6
S
s 1
|
ca 2 5 ADDRESS MODE LINE
0D o
» il

o

icz
74193

SYNC ¢>
]
)

ADDRESS T
MODE LINE  —J

TIMING DIAGRAM

)
.

RESET

SYNC

Figure 1: A circuit designed to allow programmable memory to reside at location 0 in an 8080's
memory address space, while still allowing a ROM bootstrap permanently in memory. Fol-
lowing system reset, this simple circuit forces the system's address lines to map location 0 into
focation 140 000 for the first instruction’s execution. If the first instruction is a jump to
focaton 140 003, the bootstrap can be initiated at 140 003 by an RST 0 instruction forced
onto the data bus during the system reset process. (Addresses other than 140 000 can be
assigned to the bootstrap ROM with appropriate modifications of the decoding circuit.)

Get On at the Right Address

The 8080 processor ‘‘wakes up” at
000 000 (split octal) as people with home-
brew systems probably know. My system
has a bootstrap programmable read only
memory which initializes my [0 ports
{kcyboard, cassette interface, and video
display) and allows me to load a program.
Many available programs originate at
000 000 and, although they can be relo-
cated, it is more convenient to leave them.
Also, the wvery useful instruction RST
{restart n) makes use of memory originating
at 000 000, and, to be effective for differ-
ent programs, this memory must be pro-
grammable. The problem is to get to the
bootstrap first, but reserve programmable
memory starting at 000 000 for programs.

The following simple circuil allows an
immediate software jump to some other
memory location besides 000 000 (in 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 exclusive OR
gates. While the address mode line is high,
address lines 13 and 14 will be inverted.
This happens at system reset (power on,
for instance). Al this point the 74193 begins
counting SYNC pulses (one every machine
cycle) and at the beginning of the fourth
machine cycle, clocks a low onto the address
mode line, thereby restoring normal ad-
dressing. In effect the processor is putting
out address 000 000, but the memory
interprets it as 140 000. The bootstrap
programmable read only memory instruction
to jump to 140 003 is at this location. A
JMP 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
starting at 140 003.=

Ic +5v  Gnd
Number Description Pin Pin
Ic1 7474 14 7
1C2 74193 16 8
1C3 7486 14 7
1C4 7404 14 7

Table 1: Power wiring

table for figure 1. 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 |1}
611 N 63 St
Seattla WA 98103
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processor specify this 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 illustrates the addition of an
MC 6800 or MCS 6502 microprocessor
to the 4 K by 8 bit memory block of
figure 1. We shall call 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 lrom either the central
or the local address bus. The block select
signal controls the bus routing and the
local processor disable logic. The latter
forces the local processor to stop and re-
lease the data bus. The local address decoder
allows the local processor to access other
devices in addition to the local 4 K memory
biock. It is significant that the hardware
complication is small, assuming we can
accomplish  the local processor disable
function as simply as figure 2 implies.

Adding the local processor transforms
the 4 K memory block into a microcom-
puter. While it has no 10, it can exccute
in-block programs operating on in-block
data. Since the central processor can still
read and write the memory, it can handle
the necessary 10, and even load the program
for the local processor to execute.

We now have a multiprocessor system
where Lhe central processor and the local
processor share the 4 K block of memory.
The central processor can load the [ocal
processor program and data into the block
and go about its business while the local
processor processes the data. When the
local processor is finished, the central
processor can read the results oul of the
block. Proper division of labor between the
two processors can produce an extremely
effective computer systeni.

The Chain of Command

Considerable cleverness is required for
interfacing the two processors o avoid
a hopelessly slow and undebuggable mess.

Let us now establish a reasonable set of
interface requirements.

1. Local processor operation should
be transparent to the central proc-
essor. This means the central proc-
essar should be able to read and
write the intelligent memory block
as if it were an ordinary dumb mem-
ory 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 eisewhere in its address
space.

3. Memory access conflicls should be
resolved in favor of the central proc-
essor by stopping the local processor
and awarding 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 memory access priority to the
local processor.) Care must be taken
when generating such conflicts to
avoid excessive delay of either
processor.

4. Both processors, in general, should run
at full speed.

5. Minimum computing time should be
fost 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. This procedure is remini-
scent of DMA (direct memory access)
operation.

Timing Is Everything

The timing of microprocessor operation is
controlled by the system clock. We now in-
vestigate this area in the hope of finding
a resolution for memory access conflicts.
The Motorola MC 6800 and the MOS
Technology MCS 6502 microprocessors
use a 2 phase nonoverlapping clock 5ig-
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cessor clock timing
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nal to synchronize all data transfers. Fig-
ure 3 illustrates the specifications for 6800
and 6502 clock pulses (see references 2
thru 4).

Basically, the microprocessor uses ®1 to
set up the address and RW lines, and ¢, to
transfer data to or from the specified ad-
dress. In a memory read operation the
microprocessor puts the address on the ad-
dress bus during ®7 and it remains there
throughout &5, During $5 the memory
responds by putting eight bits on the data
bus. The data is latched into the micro-
processor at the fall of ®5. For memory
write operations the address is set up during
$1 as before, but this time the microproc-
essor puts eight bits on the data bus during
$y. The byte is latched into memory at
the fall of &4,

Both operations may be summarized
as follows. First, the microprocessor up-
dates the address lines about 200 to 300 ns
into ®q and the address is stable through-
out ®4. Secondly, the memory has the
rest of &1 and all of ¢9 to decode the
address and the RW line and either put a
byte on the data bus or prepare to accept
a byte which the microprocessor puts on
the bus at the beginning of ®4. Finally,
the actual data transfer occurs at the fall of
¢ when the byte on the data bus is latched
into the microprocessor or the memory.

Marking Time with a Rubber Ruler

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
that conflicts will appear during @1 when
the central processor sends out an address
inside the local block (BS = 1). At this
point the local processor must be stopped
immediately. Since the READY line cannot

MAX RISETIME 25nS 6800 processor, abstracted
from the specifications
documents.

accomplish this during write operations we
need another solution.

Notice in figure 3 that ©¢ has 4.5 us
as an upper limit on its duration. No law
requires all $qs to be the same length.
We can hold the local processor in ¢ for up
to 4.5 us if we choose. Thus, we can resolve
our conflicts with 'clock stretching” (see
references 4 and 5). We can hold the local
processor in ®1 and take it off the buses
until the central processor is finished access-
ing the block. At that point we allow the
local processor to go on into ¢, and con-
tinue its operation. This is particularly nice
since conflicts also go away during &1 when
the central processor addresses a location
outside the local block. As soon as the
conflict terminates we can put the local
processor back on the buses and let its
clock continue in phase with the central
processor clock. This operation is dia-
grammed in figure 4 for a conflict lasting
two clock cycles.

Notice that we have achieved our stated
goals.

1. In operation, the central processor
is unaware of the existence of the
local processor.

2. The local processor proceeds unmo-
lested when the central processor
is working elsewhere in memory.

3. The central processor never has to
wait for access to memory.

4. Except during confiicts, both proces-
sors run at full speed.

5. The local processor has to wait only
while the central processor is actually
using the local buses.

Putting It All Together

Referring back to figure 2, we see that
when the four high order address bits
select the local block, the local processor
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Figure 4. Resofving a
conflict by the method of
clock stretching. fn a 2
processor  system  built
with the 6502 or 6800,
fack of a memory wait
facifity requires substitu-
tion of a clock stretching
method of direct memory
access. Here during the
asserted state of the BS
{block select) signal, the
lfocal processor (L) has its
clock  stretched  while
memory is accessed by the
central processor (C}).
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disable logic freezes the lacal processor in
$1. The multiplexers route the central
address bus to the memory while three
state bus transceivers route the central
data bus. The DBE input makes the data
bus floal during the stretched &q. [While
the 6800 also has a TSC {three state control)
input which makes it release the address
bus, this input acts too slowly (700 ns)
for our 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
capability. 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 the lacal memory block it simultaneously
sets up the control register. The local proces-
sor can meodify this byte of local memary
but not the control register. Either processor
can, of course, read the byte bul neither
can read the control register itself,

The control register allows the central
processor to RESET, HALT and INTER-
RUPT the local processor at will. The
RESET function is useful for initiating

program execution after the local processor
program is loaded. Coming out of RESET,
the local processor vectors to a starting
address stored at the top of its address
space (see references 3 and 4}. The NMI
and IRQ interrupt lines of the local proc-
essor can alse be commanded by the central
processor through this control ward.

Communicating and Cooperating

We must now establish a protocol for
communication between central processor
software and local processor software.
Suppose we wish the local processor to
handle mathematical jobs {such as floating
point arithmetic, transcendental functions,
etc]) or perhaps to updatc 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 programmer
allocates the local memory block as shown
in figure 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 control 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
processor control word. Then the local
processor might execute a loop checking
specified locations allocated 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 stares the data in the input



Figure 5. Memory alfocations within a
shared memory block must be understood
the same way by software of both the cen-
traf 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 request 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
completion code in a status byte. On its
next status check the central processor
discovers that the task is complete and it
can use thc 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
locations 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 active 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 ¢4 and ®+ 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 P17 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. |f a central

Local Block CONTROL WORD
High Address
LPU
PROGRAM
INPUT DATA

OUTPUT DATA

REQUESTS
STATUS
STACK
Local Block
Low Address VARIABLES

processor program executes out of the local
memory block, the local processor will
be locked out much longer than the maxi-
mum timc 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, $4 would never be stretched beyond
2.5 us.

The 6502 has no VMA output and,
in the worst case (shift instructions address-
ing data in an absolute X indexed mode),
would access the local block for four con-
secutive clock cycles (see reference 3). At
1 MHz clock operation this stretches ®
to the legal limit of 4.5 us. 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 central
and local processor clocks are run in oppo-
site phase. While the central processor is
in @7 the local processor is in ®4 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 ciock cycle. This way
the memory is always connected to which-
ever processor is in @5 at the moment.
Since data transfers only take place in ¢4
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. Since the
memory sees the address only for one @5
period it has less time to prepare for a
data transfer,

Note that the clock sharing technique

Hierarchy Diagram of Multiprocessor System

Level O

tl=2 = clock phase 4

Central

Level 1
by = clock phase B

Local
Processor
Q

Local
Processor

Local
Processor

Processar

Shared
Memory
Boundaries

Local
Processor
3

Five Processor Central Processar Mamory Address Space Map

Central Processor
Hexadecimal
Address Range

Q000-00FF
0100-7FFF
B800Q-8FFF
9000-9FFF
AQDO-AFFF
BOOO-BFFF

COOC-FFFF

Contents

Page O scratch area

Central processor main memory area which is not shared
with local processors. This area contains central processor
programs ang stack. ’

4 K byte local processor O memory overlap region,
Address BFFF is local processor O control word,

4 K byte local processor 1 memaory overlap region.
Address 8FFF is local processor 1 control word,

4 K byte local processor 2 memory overiap region.
Address AFFF 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 {ocal processors and read
only memory. Interrupt and reset vectors for central
processar at locations FFFB-FFFF.

Figure 6: A multiprocessor system involving more than one intelligent mem-
ory block Is conceivable. If each intelligent memory block shares a different
address space segment with the central processor, and aif the Inteffigent
memory blocks (local processors} use an inverted version of the central
pracessor’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 address space allocation diagram
for the central processor. All four local
processors use the ®9 clock of the central
processor as their @4 clock; since the central
processor can never address more than one
local processor's local memory block at a
time, there is never any conflict between
local processors.

Getting Fancy

The 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 external
interface job like refreshing a video display
or running a multichannel analog [0
interface.

Now that we have shed the “one 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 Lo 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
architecture in the family microcomputer.
In response to the question “why an intelli-
gent memory block?” one might respond
“for twenty bucks, why not?” m
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45005075149 135 ¢

1000/ 15 $55 49 45
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Svdc,175mA. 195
12vdc,600mMA 2.95
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Transistors
as. [0 50 180
INZ222A .20 .18 16 .15
2N3055 .69 .85.58.55
MI3055 .19 .75 .E9.65
2IN3ITTE 159 119y
243904 .15 .11 .08.07
2N3308 .15 .11.09.07

Diodes
1% 2% 160
1N4002 100y..08 06,05
1IN4O0S Goov. .10 .08.07
1MAL4B sigaal 07 0504
2210 25 100

xmbo red
LE D% #5115
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: Selectric Mini NO RISK 17 DAY
g%%gg@glglfv ENT Terminals Computers APPROVAL ON ALL
MAIL-ORDERS.
AT HOBBYIST PRICES | AILORDERS FULL
REFUND ON RETURNS.
X Power
* Tape Drives Supplies
x X
SELECTRIC I/O TERMINALS {by GTE/Information Systems), Includes B0OBO AMPEX MODEL TMX TAPE DRIVES with built-in NRZ1 formatter. 800
mterlace plus software ASCY) translation and 1/O driver routines, 15" carriage, BPI, 9 track, 12 IPS, 8" reel includes 8 bit CPU contralier diagram and BOBO
nterchangeable type spheres & carbon/fabric nbbons. Built-in modem optional. interface instructions. Ideal for micracomputerist who wants back-up mass
MODEL 5541 {IBM correspondence code, 2741 type terminal): $ 895 storage and access to [BM-type systems via standardized %" mag tape. §750
MODEL 5550 (corres. code, with built-in cassette tape drive for POWER SUPPLIES (trom Dusblo HyType | Terminal): pot adiustable, OV
off-lne data storage or use as memory typewriter), $1495 protect. Inputs: 110 or 230 VAC; Outputs: +5V reg, @ 30A; £15V reg. @
MODEL 5560 (ASC)I code, with cassette tape drive): $1495 7A; -9V @ 5A (adjustable to -12V); unreg. +5V ladj, 1o + 12V} $75
IBM SELECTRIC TYPEWRITER with magnets, switches & magnet driver PCB PAPER TAPE READER {Addmaster 601-1): 50 cps, LED sensors
§ {trom GTEAS Terminc! above). Includes instructions for 8080 printer/driver read 58 level tapes, bidirectianal stepper mator, includes TTL serial
imerlace (output anly), l:wzlerface plus 8080 parattel interface instructions. Requires +5V &
Typewriter mechanism complete, cleaned & adjusted $32§ $90
Aluminum case & Power Supply (+5V, £12V, + 24V $ 75 INTERDATA Mode! One B Bit MINICOMPUTER, includes full front
MODEMS: panel, 4K core memory (16K addressable}, plug-in teletype port, plus
Send/receive Bell-103 Type hy Vadic Corp. (requires +5V1 12V);  § 75 soltware: sioo
::;gcfgi;g::srx::ifgg:jzne with reverse chanel transmission FORMS TR_ACTORS, variabte width ‘
Tetephane Coupler ' 5 28 MOORF FORMALINER for 15" IBM Selectrics $50
* %k * % %
Call ar write for details, quantity discounts, arder PACIFIC OFFICE SRYSTEMS, INC. gp day warranty against defects in material or warke-
forme, All grdaers shipped from steck = no back orders, 2600 EI, CAMINO REAL, SUITE 502 manship on all used equipment, Full documantation
no substitutions. All equipment is shipped insurad . N included PLUS interfece instructions where indicated,
FOB Palo Alto within 7 days atter chack clears or COD PALO ALTO. CALIF. 04306 Avallability subject to prior sale, Prices may change
order is raceived. M/C & VISA cards accepted, without notice.

Tel: (415) 321-3866
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g

—y
~ip—o-

GRAND G'VEAWE_Y_ FULL ASCIl UPPER/LOWER CASE
SALE // LCLCi COMPUTER KEYBOARDS

Used Guaranteed Working

ELECTRON |C POCK ET Single Supply' +5v @ 800 ma
CALCULATOR salc Keybard $45.00

With Any $10.00 Purchase (WITH COUPON) Add: $5.00 for Upper Case Alpha
Memory Modules We Stock $10.00 for Numeric Keypad
e == Computers We Stock $5.00 Misc. Function Swilch

SSM MB7 200ns 16K 525

$40.00 Metal Case w/bottom

Industrial .« Systems 8K 229 Poly 88 735. IMSAI 699. $45.00 Metal with Walnut Ends
SPACEBYTE 16K Static 599 Xitan | 769. soL20 1095. $1.50 Connector

SSM MB7 450as 8K 199 Vector Graphics -~ 619. Cromenco 22 595. $2.00 for 10 Extra Switches
Vectar Graphics 250ns 8K 269 Alpha Micro System 1495. Apple Il (16K) 1698.

Common DB Series Compucalor 2750.
Connactor
o Surplus TRW Power Supply original Cost $100.00 Plus 500
D8 9P 110 100 rEyaSINST Lo Prafile Sackets * GONE GOOFY PRICE $5
DBISP 1.50 1.40 - 1 0 WEST COAST’'S LARGEST SELECTION OF
DBias 220 200 pipswitches g 39 2.50 COMPUTER RELATED HARDWARE
IR 14 25 2.00
ggggg 352 g;g 110 16 21 220 ---ICOUPONI---
DC37S 480 450 185 165 18 40 320 [ CUT COUPON FOR COUPON ITEMS
DD50P 3.90 3.50

N
o
=

DOSP S0 IS0 S ies e 2 5 4w ICOMPUTER COMPONENTS, INCI

4
5
6
eee——————sps 7 200 1.80 24 50 4.00 4705 Artesia Blvd., Lawndale, CA 90260 (213) 370-4842
“:B Stl?':k ? 7?0"‘;' g ggg ;?g sg gg :gg Lawndale, CA Store Open Mondays 10 AM - 7 PM

PaLS 4000CMOS 10 240 2 ' 5848 Sepulveda Bivd., Van Nuys, CA 91411 (213) 786-7411

74L8S, 4000 CMOS 2.20
3 75 1 J J J 7] |

10 2.40
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B, ODA OR f O ) () I &
- . 3 g p to Jo O ajor brand pa and compute
_' oo 74X
-‘\__ - 7:33 {3 sady 70 ;:i"’; ;"’i
— 2304 %3 7443 ar 7a122 IH
moop a3 ommor
/444 59 1 £]
74L500 TTL raisisz 90 L - A B 1
74L300 § 21 74L$83 52 ;4:::197 o 7409 17 7447 59 paran b
7aL802 21 74L5109 386 7411 8 7450 L3 74153 61
74L304 24 74Lslle 3§ 74L8221 1.06 7412 (3 yamg 3 Taisa hed
74L508 3 21 74LS113 36 74L§257 71 7413 25 v \3 74157 Pes
F4LSI0 21 74LSlla  3s  74LS258 70 741 ot 7a5a i3 zatel B
74L$14  B5 7418125 46 74LS266 26 s N Tiw C e 5
74L$20 23 74LSlPe a6  7ALs283 72 7420 13 2472 21 72165 o
7aL$2) 23 74ls132 75 74LS365 .55 7433 25 7273 21 a1 169
71822 23 7aLs13s 7o 74LS366 55 7325 2 7373 2 o
740830 23 74L8139 p 7ALS367 S5 7426 22 ra7 i 4153 v
74L$32 30 74LS151 &5 ;gt;ggg gg 7430 i3 Tire 500 74176 w3
74L%37 31 7415153 66 it 2432 23 1480 1 a1ty U
74L838 31 74Lslsa oo BlLs9s 77 7437 2 raui H aim e
740842 60 74LS157 se2 BLLI% 77 743 e L s
74847 75 74L3160 B2 8lLS97 ;; 7440 \3 aus e Tl e
e CMOS e w e m E mE W
741873 74 ] 5 ;
74L874 35 7308163 B2 4024 67 2490 d0 74195 i
74Ls75 53  7aLsisa oa | SUPPORT DEVICES MEMORY 4001 16 4026 16 2 5t TR
741376 37  7aLsi?a 75 4002 16 4028 74 oy W 13Ey o2
raLsse 38 7aisizs 79 6820 5.00 1702A s 4.00 4006 99 4030 22 1w wooNe o
74L$190 ? it
6850 5.00 2708 12.00 2396 P TAIGH I
Ls92 52 4008 79 4040 99
74l $9; 7408191 90 8212 3.45 2716 32.95 2009 37 4049 34
8214 9.50 21L02 450ns 1.25 4010 37 4050 34
89
8216 3.75 21L02 250ns 1.60 s By e
8224 3.75 1101 .75 4013 29 :822 gg
KITS 8228 &30 MICROPROCESSOR s 73 e ks KITS
8226 3.85 M 2016 29 4081 23
WAMECO 8238 7.95 8080A  $11.95 a1 79 4082 23 | SOLID STATE MUSIC
24.95
$-100 P.C. Boards Z-80 : 4019 23 4510 105 | MB9 STATIC PROM/RAM
BK RAM 28.00 Z-80A 3395 a0z 8 Kit Less Memory 72.00
7.80 CPU 28100 . 6800 16.50 021 o VBIA VIDEO INTERFACE
12-Slot Mother Kit 129.95
Board 33.00 Bare Board 25.95
102 PARRELL /O
ITHACA AUDIO Prime Factory Kit And Kludge
$-100 P.C. Boards Kit 49.95
o0 O 90 Day Guarantee 1 .
g%gg’gu gg'oo K STATIC RAM KIT Bare Board 25.95
' ’ 104 2+2 170
SOLID STATE MUSIC 16 MB-7 Kit 139.95
5-100 Kits & Bare Boards - ) SB-1 MUSIC
MS-3 211<7/'SSAEE§€3AMS Cybercom div. Solid State Music SYNTHESIZER
ses Kit with
Kit w/o EPROMS 59.95 Only: $3 75 00 REGULATORS Software 174.95
MB-4 4K STATIC RAM BOOKS * LM320K-18  1.75| MT-1
Kit 95.00 LM320K-24 1.75| 15-Slot Mother
Bare Board 25.95 LM320T-5 110 Board 39.95
MB.GA BK STATIC RAM Home Computers 210 Questions LM 309H 1.10 LM 320T-12 1.10| XB-1 EXTENDER BOARD
Kit $179.95 | ang Answers. Volume | Hardware LM 309K .99 LM320T-15 1.10| Bare Board 8.99
Bare Board 2595 | oy Reh Ddday 22505, : LM 320H-5  1.19 LM340K-5 .85 SSM 8080 MONITOR V1
MB7 16K STATIC RAM D T s gesiione LM 320H-6  1.19 LM 340K-8 135 ON 2-2708 47.00
Kit 435.00 | oy Rich Didday 175 pp. $6.95 LM 320H-8  1.19 (M 340K-12 .85 ON 8-1702A 47.00
Bare Board 25.95 | cajculator Users® Guide and LM 320H-12  1.19 LM 340K-15 85
MBS BK/16K EPROM Dictionary by Charles Sippl 444 pp.  $12.95 LM 320H-15 1.19 LM340K-18 1.35
Uses 2708's Microcomputer Dictionary and LM 320H-18 1.19 LM 340K-24 85
N Guide by Charles Sippl 704 pp. $19.95 . .
KitLess EPROMs 75.95 | o o -0 e LM 320H-24 1.19 LM 340T-5 95
by Jelirey Morton 200 pp $8.95 LM 320K-5 1.35 LM 340T-8 95
Analysis and Design of Digital LM 320K-6 $1.75 LM 340T-12 95
irewils an ampuler systoms
by Paul Chirhan 52250 LM320K-8 175 LM340T-15 .95
Circle 54 an inquiry card. Finite State Fantasies LM 320K-12 1.35 LM 340T-18 .95
by Rich Didday 50 pp. $1.25 LM 320K-15 1.35 LM 340T-24 .95
1 . 5716 W. Manchester Ave. aigﬁr;d your complete catalog, : 1978
i ' puite #9 O Plea d the followi
Los Angeles, CA 90045 lease send me the fo megl IC MASTER
) items | have listed below:
' TELEPHONE ORDERS:  gtaek No Qty. price 1
i Calf (213) 641-4200 Il * Qver 40,000
j - [- cop Exp Date [ ] IC's listed.
Charge My (] e Over 2,000
i g . - - ! s
PTSA O aAC tvISA .
i _ ‘ ) I 4 Updated every
1 Sie 1 90 days.
: Name Postapge/Handling $1.50 i Retail Value
0 o 0 $55.00
g Address Satisfaction 100% Guaranteed Your Price
. . . o, .
1. , Calitfornia Residents Add 6%
" City State Zip Sales Tax (] $46,00
[] Note: Minimum Order 510.00, 5% Discount over $100.00 [ ]
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DIODES/ZENERS SOCKETS/BRIDGES TRANSISTORS, LEDS, etc.
ING14 100v 10mA .05 8pin  pcb 25 ww 45 2N2222  NPN {Plastic .10} .15
1N4AD05S 600v 1A .08 14-pin pech 25 ww 40 2N2907 PNP 18
1N4007 1000v 1A 15 16-pin pcb .25 ww 40 2N3906  PNP 10
1N4148 75v 10mA, .05 18-pin pch 25 ww .75 2N3054 NPN 35
1N753A 6.2v 2z .26 22-pin pch .45 ww 1.25 2N3055 NPN 15A  60v .60
1N758A 10v z .25 24-pin  pch .35 ww 1.10 Ti1P125 PNP Darlington .35
1N753A 12v z .25 28-pin pcb 35 WW 1.45 LED Green, Red, Clear .16
1N4733 S.1v z .25 40-pin  pch R ww 1.25 D.L.747 7 seg 5/8" high com-anode 1.95
1N5243 13v 3 .25 Molex pins .01 To-3 Sockets .46 XAN72 7 seg com-anode 1.5Q
1N62448 14v z .25 2 Amp Bri 100 1.20 FND 359 Red 7segcom-cathode 1.25
1N52458 15v z 25 mp Bridge prv -
25 Amp Bridge  200-prv 1.95
C MOS - TTL -
4000 .15 7400 15 7473 .25 74176 1.26 74H72 .55 745133 45
4001 .20 7401 15 7474 .35 74180 .B5 74H101 .75 745140 .75
4002 .20 7402 .20 7475 a5 74181 2,25 74H103 .75 745151 .35
4004 3.95 7403 .20 7476 .30 74182 .95 74H106 95 745153 .35
4006 1.20 7404 15 7480 .55 74190 1.75 745157 .BO
4007 .35 7405 .25 7481 .75 74191 1.35 74L00 .35 745158 .35
4008 .95 7406 .35 7483 95 74192 1.65 74L02 .35 745194 1.05
4009 .30 7407 .55 7485 85 74193 .B5 74L03 .30 74$257 (81230 .25
4010 .45 7408 25 7486 i 74194 1.25 74L04 35
4011 .20 7409 15 7489 1.38 74195 95 74110 .35 741L.S00 .35
4012 .20 7410 .10 7490 .56 74196 1.25 74120 35 741501 .35
4013 .40 7411 .25 7491 .95 74197 1.25 74L30 45 741502 .35
4014 1.10 7412 .30 7492 .95 74198 2.35 74L47 1.95 741504 .35
4015 .95 7413 .45 7493 40 74221 1.00 74L51 45 741505 45
4016 .35 7414 1.10 7494 1.25 74367 .85 74155 .65 74L508 .35
4017 1.10 7416 .25 7495 .60 74172 45 741509 .35
4018 1.10 7417 40 7496 B0 75108A .35 74L73 .40 741510 .35
4019 .60 7420 15 74100 1.85 75110 .35 74174 45 741511 .35
4020 .85 7426 .30 74107 .35 75491 .50 74175 .55 741520 .35
4021 1.35 7427 .45 74121 35 75492 .50 74L93 .55 74LS21 .25
4022 .95 7430 15 74122 .55 741123 .55 741522 .25
4023 .25 7432 .30 74123 55 74H00 25 ; 741832 .40
4024 .75 7437 .35 74125 45 74HO1 .25 74S00 .65 741837 .35
4025 .35 7438 .35 74126 .35 74H04 .25 74502 .55 741840 45
4026 1.95 7440 .25 74132 1.35 74HOS .25 74503 .30 741542 1.10
4027 .50 7441 1.15 74141 1.00 74H08 .35 74504 .35 74LS51 .50
4028 .95 7442 45 74180 .85 74H10 .35 74505 35 74LS74 .65
4030 .35 7443 .85 74151 75 74H11 .25 74508 .35 741586 65
4033 1.60 7444 .45 74153 95 74H15 30 74510 .35 741590 .95
4034 2.45 7445 .65 74154 1.08 74H20 .30 74811 .35 741593 95
4035 1.25 7446 .95 741586 .95 74H21 .25 74520 .35 74L5107 .B5
4040 1.35 7447 95 74157 .65 74H22 .40 74540 .25 7415123 1.00
4041 .69 7448 .70 74161 .85 74H30 .25 74550 .25 7415151 .95
4042 .95 7450 .25 74163 .95 T4H40 .25 745851 45 7415153 1.20
4043 .95 7451 .25 74164 .60 74H50 .25 74564 .25 7415157 .85
4044 .95 7453 .20 74165 1.50 74H51 .25 74574 40 7415164 1.90
4046 1.75 7454 .25 74166 1.35 74H52 15 745112 .90 7415367 .85
4049 .70 7460 .40 74175 .80 F4H53J .25 745114 1.30 7415368 .85
4050 .50 7470 .45 74H55 .25
4066 .95 7472 .40
4069 .40
407 .35 LINEARS, REGULATORS, etc.
4089 .70 8266 .35 LM320K5 i7305) 1.65 LM340724 .95 LM723 .50
4082 45 MCT2 .95 LM320K12 1.65% LM340K12 2.1% LM725 1.75
8038 3.95 LM320T5 1.65 LM340K 15 1.25 LM739 1.50
9000 SERIES LM201 .75 LM320T12 1.65 LM340K18 1.25 LM741(8.14).25
9301 .85 LM301 .25 LM320T15 1.65 LM340K 24 95 LM747 1.10
9309 .35 LM308 (Mind) i LM339 .95 LM373 2.95 LM1307 1.25
9322 .85 LM309H .65 7805 (34075} .95 LM380 95 LM1458 .85
95H03 .55 LM309K (340K -5) .85 LM340T12 1.00 LM709 (8,14 PIN) .25 LM3900 .50
9601 .75 LM310 1.15 L.M340T15 1.00 LM711 .45 LM75451 .65
9602 .50 LM311D (miniy .75 L#M340T 18 1.00 NE555 .50
LM318 (Mini) .65 NESSE .85
HEMORY,SL0%KS
A NES66 1.7
17028 595 INTEGRATED CIRCUITS UNLIMITED NESG? 135
MM5316 3.50 .
2102-1 1.75 7889 Clairemont Mesa Boulevard, San Diego, California 92111 SPEC
210211 1.95 : j IAL
IR 16028/ (7:14) 278 4394 {Calif. Res.} o DISCOUNTS
TMS 6011 6.95 All orders shipped prepaid No minimum Totsal Orger Deduct
P 35 - $99 5%
ggEgAD 1?:28 Open accounts invited COD orders accepted $100-$300 10%
8723 1.50 Discounts available at OEM Quantities  California Residents add 6% Sales Tax $301 - $1000 15%
BT24 2.00 All IC's Prime/Guaranteed. All orders shipped same day received. $1000 - Up 20%
21078-4 4.95 24 Hour Toll Free Phone 1-800-854-2211 MasterCharge / Bank Americard / AE
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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 easily 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 sajd to generate code efficient
enough to be used in real time 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. [t Benerates opti-
mized code for each model of the
PDP-11 from the 11/20 to the 11/70.
The compiler is available on a lease
basis for $11,575 from Yourdon Inc,
1133 Avenue of the Americas, New
York NY 100368

Curcle 585 an inquury card

Learn BASIC from Your Computer

This 6800 based package is designed
to c¢oach and prompt you to learn
BASIC commands and programming
techniques. Part | presents fundamental
BASIC commands, while Parts Il and (1]
teach techniques of character string for-
matting, and reading and writing char-
acters to cassette using BASIC and
MIKBUG. Each part is priced at $13.95,
with discounts for combinations of the
three parts. An introductory sampler
package is also offered for $6.95. The
packages are supplied on casselte 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.m

Curele 586 on ingquiry card

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 quarterly and can be
obtained for a nominal copying fee. The
programs include present and future
value problems, loan amortization prob-
lems, depreciation 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 available for MITS Disk Ex-
tended BASIC and for North Star
BASIC. The programs are available
from Business Computer Systems, 216
Collier Dr, Springfield L 62704,
(217) 787-3448.m

Circle 588 on inguiry card.

Editor Lets You Create New Commands

ATE is an 8080 assembler, text
editor and cassettec operating system
designed especially to run with the all
purpose |0 board from Morrow's Micro-
Stuff. The cditor 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 base, and allows editing of the
object code. ATE fits in 4 K bytes and
runs comfortably in 8 K bytes of pro-
grammable 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) 527-7548.8

Cucle 589 on inguiry card.

Build Your Own Software System

The Systern Kit is a collection in
book form of 8080 assembly language
program modules and narrative text
describing module functions and inter-
facing conventions (for parameter pass-
ing and register and memory use), It
consists of building blocks for an oper-
ating system, a runtime linker and a
miniloader which enables you to con-
struct a custom system of your own
design. The modules are grouped into
a nucleus and four surrounding layers
or “shells.”” Functions provided by the
modules include clock, 1O and console
handling, memory and gueue 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.m

Circle $92 on wnquiry 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 lan-
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
ASCHl and hexadecimal 10. The disas-
sembler is offered to existing MIKADOS
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 Inpro Micro Systems, POB 7776,
Van Nuys CA 914091

Circle 580 on inquiry card.

New Business Forms for
Small Computers

Computer forms  designed for
hobbyists and small systems users have
been introduced by the Kenmor Com-
pany. Invaices, 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 custom
forms can also be supplied. The pro-
duct line is aimed at small businesses,
hobbyists, physicians, dentists, accoun-
tants, eic, who wish to update their
billing and recard systems.

Contact Kenmor Corporation, 675
Mclean Av, Yonkers NY 10704, or
call Roberta Fink at {914) 965-3006.8

Carelr 587 ononquiry card
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warsl WIRE-WRAP UNWRAP '
R Ty WRAP o STRIP «
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Blassified Ads

FOR SALE: Qne fully assembled and fully opera-
tional SOL-PC with SOLOS operating system. All
documentation and software (BASIC, GAMEPAC
I} included, $600. Contact R Coates, 3508 SE
Washington St, Partland OR 97214,

FOR SALE. 4 K programmable memory printed
circuit baards for 2102 type memories land
othars). Brand new commercially made boards
with plated thru holes and gold fingers. | have
about six extras to sell at 2 for $15, with diagram
and edge connector, postpaid, money order piease.
Stave Kelley, 9506 Peach St, Qakland CA 94603.

16 BIT FREAKS: Interested in saving $50 on the
new Texas Instruments Tm 990/100m-1 16 bit
rmicracomputer module? It is factory assembled
and has programmable memory, Rom monitor,
serigl andg porallel interface, and fully buffered
expansion bus. See photo on page 218 in Septem-
ber BYTE. For more information contact J E
Brancheay, PO8 67, Trenton MI 48183,

FOR SALE: iBM 5100 with APL, 48 K, serial 10,
5103 printer, current 1BM service contract. Was
$18,450 new. Asking $16,950. Peter Goltra, Rt 2,
Box 31, Middleburg VA 22117, (703! 687.6976.

FOR SALE: IMSAI B080 with 4 K IMSAI pro-
gramrmable memory, 22 slot motherboard, |8M
Selectric 10 writer, snd REMEX high speed paper
tape reader. $850, Jeffrey Borish, 1669 Whitwood
Ln, Apt 3, Camphe!ll CA 95008, (408} 379-8278
avenings.

SOFTWARE: Exchange. North Star Disc Media
Let's swap. Send SASE to HBR, POB AF, Wood-
bridge CT 06525.

FOR SALE: HP-97 Calculator, $525, with box of
paper rolls and all fresh magnetic cards. Absolutely
clean, 100% functicnal, still in warranty. Brewer
Pedin, 4307 Wyncliff Dr, Richmond VA 23235,
(804) 272-6291.

FOR SALE: Microcomputer, Mostek F8, docu-
mentation, regulated (5 V, 2 A: 12V, 1 A} supply,
RS232 1o 20 mA circuit. In top condition, Make
an offer. Paul Snigier, 360 Pleasant St, Raynham
MA 02767, [617) 822-1329 evenings.

WANTED: BYTE #2, October 1975. Will 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
1975 1o August 1977, except for December 1976.
Best offer within one month after ad’s appearance.
Stephen Douglass, 348 Edgemeer PI, Oberlin OH
44074, (216) 775-2492,

| NEED HELP! | need schematics, electricsl specs
ang operating or tschnical manual for a Friden
7102 Communications Terminal. | will buy the
manuals or pay for copies. My terminal has two
boards missing. Has anyone any extras? M Dean
Klingler, POB 830, Riajto CA 92376.

WILL SWAP: Pentax Spotmatic single lens reflex
camera with built-in automatic metering, Pentax f:
1.4 80 mm normal lens plus Sun 38-90 mm zoom
lens for Altair 8800, IMSAI BOBO, SwTPC 6800,
ar similar minicomputsr. Roger T Stevens, 5301
Rawlings Rd NE, Albuqusrque NM 87111,

Reacders who have equipment, software or other items
ro buy; sefl or swep should send in 8 ciearly typed natice
to that effect To be considerad for publication, an adver-
tisamant should be clesrfy noncommercial, typed double
spaced on plain white paper, and include complere name
and address information. Thase notices are fras of charge
and will be printad ons rima only an & ipace available
basis. Insartions should bs limited ta 100 words or lass.

can be pted from individuals or bona fide
camputer usars clubs only. We can engage in no corres-
pondence on thess and your il ion of pli

is sppaarance in an iisue of BYTE.
Pleazs note that it may take three or four menths for
an ad to appesr in the magazins.®
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WANTED: Univac 0769-06 printer service manual
containing exploded mechanical diagrams with
part numbers, schematic of -06 drive and interface
card, timing information, etc. Will pay reasonable
price or copy charge. Also want commaercial cabi-
net or enclosure for this machine, or exceptional
homemade one. Anyone out there in BYTE land
have any of the above, or know of any? Leroy
Lawler, 3101 Justin Way, Concord CA 94520.

PROM PROGRAMMING: From bwnary or hexa-
decimal paper 1ape: 1702A ($4), 2708 ($8), From
hexadecimal or octal listing. 1702A ($5), 2708
{$16). You supply the PROM. | have a few 1702A
PROMS availlable at $6 each. Quantity discounts
on pragramming. 48 hour turnaround H S Corbin,
11704 Ibsen Dr, Rockville MD 20852, (301)
881-75M

FOR SALE: Ohio Scientific, OSt Challenger, with
12 K fast programmable memory, 4408 videa
board, 430B cassette interface, 20 mil TTY port.
With extras: memory board, CPU board, 1O board,
480 backptane, ASCII keyboard, full manual set
with 3!l MOS manuals. Software includes: 8 K
BASIC on cassette and paper tape (by Microsaft),
4 K miniBASIC on cassette, OSI extended moni-
tor, plus programs in BASIC. Much more. Take sl
for 31200 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, {605) 342-4190.

WANTED: Information on IBM Model 11-C elec-
tric typewriter. Also information on Clary Model
DEGOQ computer. Steven D Swift, 15302 Sth NE,
Seattle WA 98155,

1802: Instruction set summary for the 1802
COSMAC, newly arranged in a compact, logical,
typeset, 1 sheet format, Provides great aid for pro-
gram writing and debugging, excetlent introduction
to what the 1802 can do (quite a lot!). Available
for 81 plus SASE, from Seth McEvoy, Box 268,
E Lansing MI 48823. Uses ACA’s instructions,
operations and mnemonics.

FOR SALE: SONEX touch-tone computer tarmi-
nal, $350. J Herrault, 645 Bush, Apt 307, San
Francisco CA, (415) 391-9439,

FOR SALE: Litton, ABS 1210 decimal camputer,
drum memory 375 (10 digit) words., System in-
ciudes processor, drum, console and parallel 10
ASR 33. Price $1000 or offer. Roy, B224 Calumet
Av, Munster IN 46321, (219) 836-1222.

FOR SALE Two 8 K Solid State Music memory
boards, 500 ns, static, plus spara 1Cs, all for $380.
Color video recorder plus video camera and zoom
lens, plus gxtra video casseties; all for $400Q. Larry
Wright, Box 7576, Menlo Park CA 34025, {415)
854-5678.

WANTED: 36 contact double sided PC hoard ex-
tenders (1013l 72 contacts). Contact centers 0.2
inch. Maximum card width 7-1/2 inches, preferable
6 inches fong. Also. Winchester Electronics MRE
9 pin rectangular plug connector or equivalent.
Both for Burroughs Agent Set. Gilbert R Bossé,
Box 185, Riviere au Renard, Quebec CANADA
GOE 2A0, (418) 269-3256.

FOR SALE: BYTE issues 1 thru 12, best offer.
S5wTPC CT-1028 TVT, complete with memory
board and power supply, modified for 64 charac-
ters and serotling, all ICs in sockets, full documen-
tation, $150 postpaid. A P Stumpf, Box 1603,
Litchfiold Park AZ 85340,

FOR SALE: Must sell due to move into rotten ofd
house. Two Teletypes 31ASR {paper tape reader
and punch with keyboard/printer}. Both have been
used on IMSA! system. One has a Digital Equip-
ment Corp (DEC! PDP.B interface installed. Regu-
lar TTY S675, PDP-B interface TTY $725, plus
shipping one highspeed paper tape resder Digi-
tronics Model 2540, Can be used on two 5-100
paraltel ports. Has an interface for a Data Genera!
Nova microcamputar. $900 plus shipping, one Lear
Siegler ADM-3 CAT terminal. Used regularly with
IMSA! system. Upper and lower case option in-
cluded. $775 plus shipping. One Anderson Jacob-
son AJB41 Selectronic terminal. Used for hardcopy
with IMSAI system. Uses EBCD encading an key-
board and Selectric printer. $950 plus shipping.
Call or write: Ed Reich, B0O5 N Cleveland S,
Arlington VA 22201, [703) 243-3131 evenings,

FOR SALE: Diablo Hytype Il printer. Mevar
used. 8 1/2 inch pin feed platen, cover and bottom
feed. Intarface to your BOBO or 6800. §1398 wilh-
out power supply, $1799 with power supply.
Roger Gersonde, 3850 N 54 St Milwaukee Wi
63216, (414) 462-1582.

FOR SALE: MCS 6502 resident assembler/tex:
editor (ASSM/TED). Syntax very similer 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 memaory area for text
file and symbol tabde, up to 10 characters per label,
18 error codes, supports two tape decks, CRT &nd
keyboard and printar. Shipped preconfigured for
TIM besed systems but information is provided to
modify for others. Resides in less than 4 K laxclud:
ing source file and symbo! tblal {0200-1200,
0400-1400, 1000-2000, 2000-3000, please spec-
ify). Hexadecimal listing and operator’s manual,
$25. C W Moser, 3239 Linda Dr, Winston-Salem
NC 27108,

WANTED: Speech Lab kit or sssambled board and
documentation or manuals by themsaives. State
condition and price. H $ Corbin, 11704 Ibsen Dr,
Rockville MD 20852, (301) BB1-7571.

WANTED: Information concerning the conversion
of an SWTPC CT-1024 terminal to 64 characters
per hine. Contact John Burns, 25th Floor, 350 fark
Av, New York 10022,

WANTED: Plotter, drum or bed, any size, any caon-
dition. Send complate description along with pricg
and/or trade requirements 1o Mark Sproul, 1368
Noah Rd, North Brunswick NJ 08902.

FOR SALE: Hewlett-Packard Dymec Dala Acqui-
sition System. Model 2515A high speed digitst
scanner; Model 2211A guarded cross bar scanngr;
Model 29118 crossbar scanner control; Model
2546A magnetic tape coupler; and Cook Model
150, 7 track tape recorder. Above system, com-
plete with manuals and rack, $300. Hewlett-
Packard Mode! 5278A Time Interval Counter,
$70. Will deliver within 100 miles ar you pay
shipping. Donald Dorson, Gartiner Rd, West
Kingston R} 02892, {401) 294-2190.

IS THERE LIFE ON THIS PLANET? What hap-
pened to Life las we know it}? Life is the cellular
automata developed by John Conway and de-
scribed by Martin Gardner in Scientific Amaerican
(1 don't have the dates). Life is great fun, an intel-
lectual pastime, and high powered math zH rolled
into one. The possibilities with Conway's gama ara
enough 1o keep you busy for a while, and, if this
should pale, make up your own! Conway chase the
rules for his game; you can make your own. When
you do this, you have a completely new univerte,
In Life, the celfs that derermine the nex1 geners-
tion are adjacent to the cell in question. Thay
don‘t have to be. Life is symmaetrical. Try it some
ather way. Life is two-state. Make your own with
four states, each represented by a different char
acter {or color}. Make an automata in which tha
next generatian is based on the preceding two gen-
prations, instead of ene. Easch change produces a
new universe to be explored. Two needs exisi:
people 10 create universes, and peaple o explore.
| will serve as a Life clearinghouse, and if interest
is shown, create a flyer. I interastad, or you have
any information on Conway's game or others, let
me know. Contact me, Rick Coates, 3508 SE
Washington St, Partland OR 97214,
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§.D. SALES NEW

EXPANDABLE EPROM BOARD
18K aor 32K EPROM $49.95 w/out EPAROM
Allows you to use either 2708's for 16K of

Eprom or 2718's for 32K of Eprom.
KIT FEATURES:

1. All address lines & data lines buffered.
. Quallty plated through P.C. Board, In-
cluding solder mask and silk screen.

2

3. Selectable walt atates.

4. On board regulation provided.
5. All sockets provided w/board.

WE CAN SUPPLY 450ns 2708's AT $11.95

WHEN PURCHASED WITH BOARD.

S,

P.O. BOX 28810B

MEMORY CAPACITY
MEMORY ADDRESSING
MEMORY WRITE
PROTECTION
BK, 18K, 24K, 32K, using Mos-
tek MK4115 with 8K bound-
wies and protection. Utilizes
DIP switchea. PC board comes
with sockeis for 32K operation
Orders now being actepted.
Atlow 8 10 8 weeks [pr Oslivery.

16K FOR $259.00

Buy an 5100 compatible 8K Ram Bosrd and upgrade the same board to a maximum of
32K in steps of 8K & your option by merely purchesing more ram chips from 5.0,
Sales! At » gusrantesd price — Look &l tha fealures wo have buill inlo the board,

D. SALES CO.......

DALLAS, TEXAS 75228

32K FOR $475 EXPANDORAM KIT 24K FOR $367.00

INTERFACE CAPABILITY
Conlrol, data and address in-
uty  utilizes  iow  power
hatiky devices,
POWER REOUIREMENTS
DG 400MA DC

on board rogultlson is provid-
{Invinible} rafrﬁh
(L] pmwdad wilh no wait siaies
or cyclp atesling required.
MEMOAY A"CCESS TIME

15 375na.
Memaory Cycle Time is 500ns.

8K FOR $151.00

Z-80 CPU BOARD KIT — $139.

CHECK THE AOVANCED FEATURES OF OUR Z2—80
CPU BOARD: Expanded sat of 158 instruciions. S080A
soliwers capabilily, cperalion from a single SVDC power
supply; always stops on an M1 atale, Irue sync gansraled
on caed {8 real plua feature’), dynamic refreah and NMI
avallnble, sither 2MHZ or SMHZ operation. qualily double
vided plated through PC board, paris plus sockets priced
Tor 8l IC's. *Ado $10 exira lor Z—B0A chip which aliows
AMHZ cperaiinn. Z—80 chip with Manual — 29 95

NEW FROM S.D.
“VERSAFLOPPY"™ KIT

THE VERSATILE FLOPPY DISK CONTROLLER

ONLY $149.00

18M 13740 Soh Sactorsd Compalibie. £-100 EN3 Com-
for 280 or

Features:
peatidie 2080. Controly up 10 4 Drives (single ov
foliowing drives:

(‘amo:lw hv \nnl noxs Pin Connactor tor t!lnoord
n:m TP/ opsisting wyeweom
m- vovu'lo 8.0. Co or_ Products riohnd
el eI, 18 Sl it
.olhlllnl-li uﬂllnntgtm ! “Versafloppy” s thi
powerful Western Digital FD)?718-1 uulo D-n--ry con!mlh:
price.

Chl This aliova a great Nexidility vie o, Lhuti
’(‘avmﬂlomnuunm?nm thed

FD 1771B-1 CHIP ALONE $39.95

4K LOW POWER RAM KIT

Fully Bultered — on board reguiated — [V
reduced power consumplion utilizing o
low power 21L02 — 1 500na RAMS —
Sockels provided for all IC's. Quality
plated \hraugh PC board "Add 310 lor
250ns PAM operation

The Whole Works - $79.95

Low Cost Cassette
Interface Kit

Foalyrs: Ploy sad reeerd K.C. Stondsnd !lﬂﬂl 1300 Nl
por, soo l-n TIL 170 b-lﬂi. Phase Loch
Soth 21 Pin Comwecter

$19.95

6 DIGIT ALARM CLOCK KIT

Features: Litronix dual 1/2"" displays, Mostek
50250 super clock chip, single 1.C. segment
drivar, SCR digi drivers. Kit includes all ne-
cessary parts (excepl case). Xfmr optional.

Eliminate the hassle.
AC XFMA — $1.50 Case 33.50  $12.95

8KLOW POWER RAM — $159.95

Fully assembled and tested.
Not a kit. Imaal — Altair —
$5-100 Buss compatible, uses
low power static 29L.02-500ns
Tully buftered on board reguiat-
od, qualily plated through PC
board, inciuding soider mask. 8
pos. dip switchea for acdress
seiect.

v
w

DIGITAL LED READOUT
THERMOMETER — $29.95

Features: Lilronix dual 112" displaya. o ,.\._&“
IB 1 o %!

Bowmar 4 Digit LED Readout Array
Full 2"’ Litronix Jumbo Dual
Digit LED Displays
4.JUMBO 50" DIGITS ON ONE STICK!
WITH COLONS & AM/PM INDICATOR

$3.95
OL722-C.C. OL728-G.C.
DL7218C A, DL?727-C.A.
93¢ $1.29

<>-€@> MUSICAL HORN €<

One (uns supplied with each kit. Additional tunes — 3605
each, Spacial iunes available. Standard tunes now

Uses Silicoaix LD131 single chip ms
Jumbo LED Car Clock Kit

Dixie — Eyes of Toexas — On Wisconsin — Yankea Ooodlc

Dandy — Notre Dame — Pink Panther — Aggie War Song —

Anchors Away — Never on Sunday — Yellow of Texas —

Deap in the Heart of Texas —~ Boomer Sconer — Bridge over

River Kwai

CAR & BOATKIT
$34.98

HOME KIT Special Design
$20.90 Case $3.50

sary parls (excep! case), AC line oord

and power supply included. O-148* F

. MOSTEK — 50250 — Super clock chip.
. On board precision cryatal Iime bass.
12 or 24 hour Real Time format.

A7D converter. Kt includes all

FEATURE .

Jumbu 5 Inch LED array l&
S

. Perteci for cars, boats, vans, atc.
. PC board and all paris (less case) (nc.

Alarm option — $1.50

AC XFMR — $1.50

RAMS

M A215 - B

% % % WSUPER FLOPPY SPECIALX % % %

S. D. SALES, VERSAFLOPPY S-100 CONTROLLER BOARD PLUS
SHUGART SA 400 FLOPPY DISK DRIVE INCLUDING CABLE FOR ONLY

$479.00

_MICROPROCESSOR
CHIPS
g'ﬂz llﬂl l?"' .

#216 — Won Imvert
8224 — Clock Gen, ..

745 200 - 356

CPU's

Z—80 nludes manual
£ —080A& includes manuat
BOBOA CPLU S BIT

8008 CPU B B1T Compliment

MICRO-DIP $1.95

New — Series 2300
The World's Smaliest
Coded BCD Dual-In-Line

Switeh! PC Mount
2300 02G BCD 1-2-4-8
2300 12G BCD 1-24-8

% ¥ JOYSTICKS & &
FOUR 100 K-OHMS
POTS

ldealfor L >
electronic \il}’
] games $3.95

Z-80

Programming Manual
IN DEPTH DETAIL OF
THE Z.80 CPU
MICRO-COMPUTER
8. D. SALES SPECIAL

8226 — Invert Bus ..
PID for Z—80 . ...

2513 Char, Gen.
8838 Quad Bus.
TALS133N — 1/8

\% &5

PROMS
17024 1% LSur .
- 8K 450m

S 2.50
2rg3u N 8 lirnﬂll:l &50n3 .. ... 9.98

COUNTER CHIPS

MK50397 6 Digit elupsad tlmor
MES0250 Alarm clock .
MM5DIR0 Alarm chlp .
lmuaes ] dlrtlt up/dn.
Mi5002 4 counter
MKS021-Cal. :ﬁlpn oot .

3.95 or 10/35.
14.95

B.95
-4.99

Thermistors 1.5K ohm ....5/%$1.00
Tantalum Caps 1 mfd. 20vOC
P.C. Lea 15/$1.00
Flat Pack IC Assort ...... 20/%1.00
Ehlc!:{'k':lgy' Coél 10T T Cc 12/31 00
pe ype
2 Transistor Audio 8/%1.00
Trimmer Pots
20K, 25K. Mini ..

Dl;c c'a s For B
Pcpmfg lfﬁ“ wubDcC

New Cambion Jacks
95 » Part 2450-4352

..10/%1.00

-.40/$1.00

Gold Plated

2 P,

50/$1.003 3

Silicon Rectifier Speclll 1N4OO
1 amp 1000 PN.
Photocell Assortment
Plastic Readout Filters
Amber
Disc Cap Assortment
P.C. Lead Dicdes
1IN4148 IN 914
1N4002-1A-100 PN . ..
MICA Trimmer
PC402 Miniature
1.5-20 P.C. P.C. Mount.
Rasistor Special 22 ohm
Carbon Comp. ....... 25/51 00
eslﬂor Assortment 174 W 5
leads

.12/%$1.00

6/$1.00
160/$1.00

100/%2.00
-40/$1.00

.4/31.00

*
.10/$1.00

]
8T97-Hax Tri-State Buﬂu Lias
1488/ ;Buﬂ 232 1.50

art ...
TR 1853 Usrt .
FD 17718-1

/$1.5
CHOOSE $1. FREE MERCHANDISE FROM ASTERISK ITEMS ON EACH 315 DRDgﬂ

CALL IN YOUR BANKAMERICARD

SHSA) ] MASTER CHARGE OR-
ER IN DUR CONTINENTAL
TOLL FREE WATTS LINE:

1—800—-527-3480

Circle 102 on inguiry card.

Texas Residents Catl Collecs:

214/27T1—-0022

DEALER INQUIRIES INVITED!

O ®e

NO COD's. TEXAS RESIDENTS ADD
5% SALES TAX. ADD 5% OF ORDER
FOR POSTAGE & MANDLING . OR-
DERS UNDER $10. ADD 75c HAND-
LING.FOREIGN ORDERS - U. 5.
FUNDS ONLYI
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Resder Service

* Carrespand divectly with company.

Inquiry No. Page No. Inquiry No. Page No. Inquiry No. Page No.
1 AAA Chicago Computer Center 185 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 80 Hamamatsu Corp 21 94 Pertec 26, 27
6 Awwood Enterprises 197 51 DC Hayes 106 95 Phonel 139
136 AVR Electronics 193 52 Heath 34, 57, CIV * PolyMorphic Systems 25
7 Barnes Electronics 193 63 Heuristics 51 96 Poly Paks 219
8 Benson & Costello 171 54 Hobby World 207 97 Priority | 221
9 Berg Publications 172 * |EEE Computer Society 144, 145 98. Processor Technology 14, 15, 41

10 BITS Inc, 125, 132, 146, 147,150, 211 55 1MSAl 91, CHI 120 Professional Data 159

11 Burroughs Inc 151 56 Integral Data Systems 69 99 Rotundra Cybernetics 195

12 California Applied Technology 195 §7 Integrated Circuits Unlimited 209 100 Scelbi 28, 29

13 California Industrial 201 58 International Data Systems 137 101 Scelbi/BYTE Primer 157

14 Canada Systems 167 60 James Electronics 212, 213 * Scientific Research 47, 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 Centronics 49 62 Leer Siegler 61 104 Silver Spur 195

18 Century Data Products 108 63 l.cgical Services 138 105 Ed Smith’s Software 173

19 CMC Marketing 63 64 McGraw Hill Books 45 106 Smoke Signal Broadcssting 107

20 Component Sales 140 65 Meca 123 107 Software Exchange 159

21 Comptronics 141 66 Meshna 215 108 Software Records 169

22 Computalker 75 *  Micro Business 78 183 110 Solid State Sales 169
137 Computer Components 202 67 Micro-Com 183 111 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 Cll

2% Computer Depot 126 139 Micropolis 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 Scientific Instruments 121 116 Structured Systems 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 184 76 mpi 136 121 Tarbell 11

32 Computer Transceiver 133 77 MSD 79 123 Technical Design Labs 87

34 Cromemco 1, 2 78 Multi Micro Media Corp 106 124 Technical Systems Consultants 67

15 Dal Data Inc 93 79 National Digital Diagnastic 195 19 TEI63

35 Data Search 136 80 National Multiplex 115 126 Teiecommunicaticns Service 193

37 Digital Group 55 ' 81 NCC 78135 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 Electranics 104
135 Digital Research Corp 203 * Ohio Scientific 36, 37, 38, 39 129 Vector Graphic 33

40 Disc 3194 84 OK Machine & Teool 70, 71 130 Vista Computers 112,113

41 Oynabyte 72, 73 85 Oliver Advanced Engineering 54 131 West Coast Computer Faire 165

42 Electrolabs 197 86 Osborne & Associates 105 132 Worldwide Electronics 184

43 Electronic Control Tech 100 87 Owens Associates 193 133 Xitex 100

44 Electronic Systems 205 88 Pacific Office Systems 202 138 Xybek 171

45 Electronic Warehouse 198 89 PAIA Electronics 155 134 Yestronics 193

[IME -

(Y TE> Cagoing Monitcn Box
Asticle No, ARTICLE PAGE Rampil Out-BOMBs Star Trek

1 Critchfield-Dwyer-Lederer: A Two Computer Music System 8 For December

2 Helmers: An Apple to Byte 18

3 Raskin: The Micracomputer 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 Ciarcia: Progfam Your Next EROM in BASIC 84 $100 for first place for A Floppy Disk

6 FYIstra: User’s Report: The PET 2001 114 Tutorial,” page 24’ and authors Kurt J

7 Wiiber: CIE Net: Part 2: Protocols 152 .

8 Jannings: Mi Schmucker and Robert M Tarr receive

annings: Microchess 1.5 versus Dark Horse 166 .

2] Millan: Take a Course in Microprogramming 168 a _bonusu of $30 for their second placﬁ
10 Olson: Controlling the Raal World 174 article, “The Computers of Star Trek,
11 Hughes: Interfacing the Sykes OEM Floppy Disk Kit to a Computer 178 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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This 8-bit machine, oy o g

by itself, is as versatile
as a lot of systems

that include peripherals

Memory is fully expcmdubla. tha

System Engineered
for Personal Computing

Be sure to use coupon on
page 34 of this magazine

' pan
o order your FREE memory and register contents, lets

Heathkit Catalog! you inspect and alter them even
during operation. And for greater
et b understanding, the front panel
: permits you to execute programs a
. single instruction at a time. The
s 5 result is a powerful, flexible learn-
S ing tool that actually lets you “see”
FREE and confirm each detail of H8's
= inner workings.

; : If you need further evidence, con-
sider the fact that H8's system

Circle 52 on inquiry card.
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