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B N Ediioris!

The Rationale of
Yet Another Homebrew System

by Carl Helmers

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

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

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

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

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

See photo notes on pages 8 and 9, text continued on page 202
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2 JOYSTICK POTENTIOMETERS
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Figure 1; Low-resolution static interface. This interface is for 1 2-potentiometer joystick. For 4-potentiometer joysticks, build a second

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

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

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

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

® Jow-resolution static
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® high-resolution fully static
hardware

® software-driven pulse-width
modulated

® high-resolution analog-to-digital

Low-Resolution Static Interface

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

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

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

Each potentiometer is connected as
a voltage divider between a reference
voltage source of 3,9 V and ground,
The voltage output of each poten-
tiometer is, in turn, fed to a 2-bit,
parallel analog-to-digital converter.
This type of converter uses 4 com-
parators set for 25%, 50%, 75%, and
100 % of full scale, If a voltage, when
applied, is less than 0.975 V, all com-
parator outputs will beat 0 V. At 1.0
V, corresponding to the joystick be-
ing moved 25% of full scale, the least
significant bit {LSB) of the converter
will be a logic 1, while the other bits
are low. Similarly, at full input all
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comparators will be triggered, and
bits C thru 3 will be logical 1s.
Additional encoding logic can be
added to produce a true 2-bit
representation from the 4 compara-
tors, but it is just as easy for a com-
puter to interpret it directly, With a

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

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

ouTt FF.O
AGAIN  INR B

IN FF

ANA 01

JINZ AGAIN

HLT

clear B

lrigger one-shots

incremenl B register

read potentiometers

isolate bit O

continue as long as one-shot is high
value is 1n B register

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

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

digital-to-analog converter that pro-
duces an cutput voltage proportional
to a digital input applied to pins 5
thru 12. For a complete explanation
of this device, 1 refer you to a pre-
vieus " Ciarcia’s Circuit Cellar” arti-
cle, "Control the World” (September
1977 BYTE, page 30). This article also

The 3 basic sections are a
computer-controlled voltage source
(ICs 1 and 2}, an analog-input
multiplexer (IC3} which selects an in-
dividual joystick potentiometer by a
2-bit address code, and a comparator
(IC4) which compares these voltages,
In operation, the digital-to-analog
converter is first set to 0 V out {hexa-
decimal 00 digital input to it) and 1
potentiometer is selected through the
multiplexer. If VO from the digital-to-
analog converter is less t!
the potentiometer, the curput wit oe
togic 0. Next, the digital-to-analog
converter input setting is i1 e-
mented, and the comparator outpul is
checked again.

Eventually an input count will be
reached which will exceed V,.. The
comparator output will then be a
logic 1. The digital-to-analog con-
verter input count is now the value of

outlines calibration and test pro- the voltage V., The worst case re-
cedures. quires 256 iterations using this
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Figure 4: Software-driven interface. If the computer can directy read the input front the joystick interface, the hardiwcare required can
be greatly simplified. When heaudeciniil FF is output to port 0, alt 4 one-shots are triggered. The pulse width is then deterinined by a
program running through a short loop locking at the logic levels of the 4 one-shots. Listing 1 shows a typical program for thiis

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

handling 4 maore voltages.

method. A better technique is suc-
cessive approximation where the
computer progresses through a
binary search to “zerc in” on the final
value. A full explanation of suc-
cessive approximation is delineated in
my article entitled "Talk to Me: Add
a Voice to Your Computer for $35”
{June 1978 BYTE, page 142}.
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With the digital-to-analog con-
verter set for a full-scale value of 2.56
V, each count is equivalent to 10 mV.
Only 4 channels of the CI)4051 are
used for the joysticks, leaving
another 4 channels as auxiliary inputs
from external sources. Thus it is
possible for this interface to serve a
dual role because of its high accuracy

accuracy ultimately determine the
complexity of the interface,

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

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






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

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

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

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

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

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

floating point arithmetic or some
complex 17O function. The master
processor can give the slave processor
commands via an interrupt and con-
tinue other processing until the slave
informs it that it has finished the
desired operation.

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

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

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

Defining the Necessary Tables

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

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

Another important status byte that
must be kept is the current activity
indicator. This byte contains the task
number of the currently active task.
Now let us assume that we have 3 dif-
ferent tasks running and all have been
initialized (stored in the task control
table). The first task has a task
number of 0 and a priority of 10.
Generally the operating system is
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given the task number 0 designation.
Since the operating system and
timeshare program (user terminals)
are considered one big program in
this example, task 0 is also the
designation of the timeshare system.
Task 1 is a program that one of the
users submitted (initiated) from a ter-
minal; it has a priority of 10, Task 2
was also loaded and initiated by a
user through the timeshare terminals,
and it has a priority of 10.

Imagine that the timeshare pro-
gram calls the 17O driver program to
write a character out to a terminal.
Since there could be many terminals
connected to the system, how does
the program know which one to write
to?7 It would be very inefficient to
have different routines for each
device, but the only way that a pro-
gram could tell the 170 driver which
specific display to write to is for the
calling program to know the physical
address of that terminal. Passing the
actual address of the device ruins the
neatness of the 170 routine, though.
It is more convenient to specify the
function to be performed (1 = write
to video display; 2 = read keyboard;
3 = write to cassette; 4 = read
cassette).

The solution is to have another en-
try in the task control table called a
communications control block
pointer that points to the location of
the communications control block for
the particular task. Since each task is
given its own block, the user may
define his or her own functions and
addresses. Thus each program may
have its own video display, key-
board, cassette interface and disk.
The communications control block
contains a list of function numbers,
the address of the 1/O port or
memory mapped port, and the ad-
dress of the /O subroutine that will
perform the operation. Figure 6
shows the arrangement of all tables.

Starting and Stopping

To initialize a new task, the user
adds entries to the appropriate tables
through a console command and
causes a dummy stack and stack
pointer to be created. To stop a task,
the last thing done in the task is to call
a subroutine that would remove its
task control table entry. This is
equivalent to a CALL EXIT in FOR-
TRAN found on many larger
systems.
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Returning to the example, the
keyboard read subroutine is called
from the 1/0 driver, reads the
keyboard port assigned to task 1, and
returns to the [/Q driver with the
ASCII code. The 1/Q driver returns
to the main program with the ASCII
code in a register or memory loca-
tion. In figure 9 the next timer inter-
rupt has occurred, so control returns
to the interrupt handler routine.
Again, the interrupt routine saves all
registers and flags of task 1 on stack
1, looks at the current activity in-
dicator to see which program was last
active, saves the stack pointer in the
task 1 task control table entry, scans
the task control table for the next
highest priority task, and finds that
task 2 should get control. The stack
pointer for task 2 is loaded from the
task control table, all registers and
flags are popped off of stack 2 and
again a return is executed that causes
task 2 to take control.

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

Error Handling

On a single program system, error
handling is something that the user
can watch for manually. When
several programs are running, the
system must have routines te handle
errors rapidly so that other programs
will not be slowed down or
destroyed. There are many commeon
errors that are relatively easy to deal
with. Executing an invalid op code or
forgetting to put in the 2nd or 3rd
byte of a multibyte op code can be
handled through a simple system
restart {through the interrupt handler
routine) without losing continuity.
But what about a program loop that
accidentally destroys part or all of
another user's program? On an [BM
360, all memory blocks assigned te a
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INDICATOR
Ta 5K
CONTAOL COMMUNICA
TABLE LONTROL E

USER FROGRAM
TASK 1

IHTERRUPT
ROUTINE

3TACK O

COMMUNICATIONS
CONTROL BLOCK 1

[
1

STACK |

m

Figure 7: Task O has conlrol of the processor and has just been interrupted. The inter-
rupt routine looks at all pointers, saves the status, and then transfers control to task 1.

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

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

Then, every time the address bus has
a valid address on it, it is tested
against these registers, However,
special precautions would have to be
taken in those cases in *--hich a utility
in low memory (I/O iver routine
etc) is called, or wh~~ ~~mory map-
ped 170 ports outs sse address
limits are used.

S5TACK | ‘

-

Figure 8: Task 1 has requested keyboard input from its assigned keyboard, When the
input is completed, the 1/0O (input/output) driver returns control to task 1.
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to noncritical loops, the intervention
of the multitask interrupt timer will
not normally affect the system. If the
interrupt timer causes an interrupt
just before a byte is received by the
UART but returns in time for the
next byte to be received, the easiest
way to assure that the cassette read
routine does not drop a byte is to set
the timing of the interrupt oscillator
to at least twice as fast as the
transmission rate of the UART. This
greatly reduces chances of losing a
byte.

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

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

Managing the System

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

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

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

of the
TRS-80®
Project

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

PASCAL

UCSD Pascal. the powerful general
purpose tanguage sysiem. de-
veloped lor large and complex
systems, 1s now avalable lor your
TRS-80.
The FMG UCSD Pascal sysiem
opens a new generalion of value for
your TRS-B0. Package includes
Operating System
Screen Editor
280 Macro Assembler
Liprary
Pascal Compiler
Untities and Systermn Relerence Book
Price $150.00
[Requires 48k System with 2 drives )
Avatlable without Macro Assembier,
Limkes and Library
Price $100.00

FORTRAN
Now On Sale!

Comparable to compilers an large
mainirames and minicompulers. Al
of ANSI standard FORTRAN X3 9-
1966 15 included except COMPLEX
dala type Therefore. users may
take advantage of the many applica-
tions programs already wnilen in
FORTRAN Package includes
FORTRAN Compiler
Macro Assembler {Z80)
Linker
Liprary
Ltb Manager (Mot i TRS-DOS
versian.)
Price $350.00

Far this month anly

Sale priced at 250.00
Manual $25.00
(Specily TRS-DOS or TAS-CP M
versions j

SID Symbolic
Instruction
Debugger

Symbolic memory reference with
butlt-in assembler disassembler
SID Diskelte and Manual Price
$125.00
For this Month Qnly

Sale Priced at §75 00
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N
CPM Operatingw

System New 1.46
Version

Includes AS-232 and | O Byle wn-
plementation, Editor. Assembler.
Debugger and Utilities for 8080 and
ZBO Syslams. For up 1o four TRS-80
floppy disks Package includes:
CP M System Diskelle 5' 2"
CP M Fealures and Facihites

Manual
CP M Editor s Manual
CP M Assembler Manual
CP # Debugger Manual
CP M Intertace Guide

Prnice $150.00

{Reguires 16k and one drive
minmum |
{Seiol 5 Manuals $25.00)
Updates ior 1 4 versions owners

$1500

MAC Macro
Assembler

Compabble with new Intel Macro
standard Complete Guide 10 Macro
applicahans MAC Diskette and
Manual Price 5150 00
For this Manth Only

Sale Priced al $99.00

TEXTWRITER II

A text tormalting program that
prints hies created by an ediing
program Contracts, personalized
form letters and other dacuments
can be printed from a stored library
of standard paragraphs
Pnce $130 00
For This Month Only
Sale Priced at $75 00
Manual $25 00

TRs-80  NEW
COMMUNICATOR

RS232 Commumication Program
allows the TRS-80 10 transmil or te-
ceive programs or dala liles. Also
makes the TRS-80 into a remote ter-
minal. Requires Radio Shack RS232
and CP M

$25 00

Call or Write

for Complete Infarmation

A Division of Applied Data Corp
P.0. Box 16020,89 Fort Worth,
Texas 76133 - (817) 294-2510

LT

Circle 134 on inquiry card.
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Figure 1; Circuit which determines whether or not a given square is occupied. The chessboard is conceptually cut in half. it is placed
so that the squares form a 4 by 16 matrix, For each square, & “*~de and a switch are wired in series between the appropriate row and

column lines. A closed switch indicates an occupied squan

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

The integrated circuit in figure 1 is
a type SN74154 4 to 16 line decoder/
demultiplexer. The 4 input lines to the
device are connected to the KIM-1
[/Q port A. Each of the 16 output
lines is linked to a column in the
matrix, This portion of the circuit
allows the KIM-1 to select 4 squares
out of the total of 64. The 4 rows of
the matrix are connected to the I/0O
port B. Row and column addressing
allows scanning of a single square.
Each sguare of the chessboard has a
switch, A closed switch indicates that
the square has a piece on it; an open
switch shows that the square is
empty.

To determine whether or not a
piece is on a particular square, the
interface program first selects the
column by sending the correct binary
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cod: the aput lines on the
SNs This  ngs 1 of the 16 out-
put © ‘¢ while the diodes keep
the i, If the switch is closed

(ie: .,  :is on the square), then the
corresponding rc  ne will be pulled
low anc marcning port-B data
register L.. ...ll be a 0. Thus,by select-
ing the column through port A and
testing the row bits in port B, it is
possible to determine the status of
every square on the board.

Sw___.. —xperimentation

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

I open switch indicates an empty square.

In my first attempt 1 put aluminum
foil on the bottom of the es and
used simple wire contacts un top of
the board. I punched 6 holes into each
square using a large needle to form
the corners of 2 concentric, equi-
lateral triangles. Three strands of
wire were looped through the holes
forming 3 symmetric contacts (see
figure 2a). The third contact was used
only to balance the pieces.

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

That probl=~ might have been
solved by mc 1g magnets on the
pieces and using a chesshoard with a
nonconductive mag tic surface,






C\)---- — = ROW

COLUMN

Figure 2a: The first attempt to form a
switch for the squares. Three symmetric
contacts on top of each square were made
by looping bare wire through holes in the
board. Two of the contacts were wired to
the row and column lines on the back side
of the board. (The third wire was sirmply
to balance the piece upright.) The pieces
lrad aluminum foil glued to their bottoms.
When such a chessman was set down on
the contacts, electrical continuity was
achieved. Unfortunately, wvibration
caused intermittent contact and confused
the computer.

b
(0]
(V]
()
N e ow
W
COLUMN

Figure 2b: The second attenipt to form a
square switch. This attempt was
successful. Copper rivets were glued to
the bottom of the chessmen. A large hole
was drilled in the center of each square to
receive the rivet. Two wires were looped
through the large central hole from 2
smaller holes (left over from the first
switch attempt), The rivet closes the elec-
trical circuit.

(/‘\/‘\) ——————— ——— ROW

[
I

COLUMN

Figure 2c: lustration of the appearance of
a square which uses rivet switches, and
which previously did not have other
methods installed in it. The reader may do
it correctly the first time.

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

Switch Success

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

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

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

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

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

Software

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

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






the board for a new game). If neither
the DA nor PC key is depressed,
GET-MOVE scans the chessboard,

square by square, searching for pieces
that were recently picked up or set
down. This is done by comparing the
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Figure 4: Schematic diagram of chessboard input connections for the KIM-1. If the
speaker is built into the chessboard, a 16 conductor cable is required to connect the
board to the KIM-1 application connector. Thirteen conductors rontrol the chessboard
and light emitting diodes; 3 are needed for speaker, ground, and +5 V supply. The
cable should be of sufficient length that the chessboard may be set in a convenient posi-

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

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

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

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

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

Text continued on page 46
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'WAIT-FOR-MOVE:
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'SET-COUNT:
'SET-DISKLAY:

tGET-NOVE! :
!

SUIICH-SIBES:

GO-COUNTDOUN:
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JSK GET-AOVE IWAIT FOR FLAYER [0
BEQ XIF1CKUF PIELE.
ENDLOGP
BMI FPICK- 11 U¥ LERKOR, FIECE SET DOWN
LUA  LHANGIRGL-SQUAKE 415 PlELe PICKED UP
CHF  Fa »ACORKEL] OWE?
BRE PICK-1T ur
LDX FB ITES, SET TABLE ENTRY
LDAN CC RLl0 Ce”
STAX .BOARD

Lessabsdi

SET THE PIECE DQOMWN YEETREFSAY

LbA F9 ILIGHI 10 SGUARE

STAa  LIGHT-SOULAKE

INC  SFEAKLR -FLAL AHAKE NDISE

LOGF
JSR GET-HOVE IWAIT FOR CHANGES
BEQ

ENDLOOP

LDA F¥ XI5 USER MWOVEING

CHP  CHANGINL SQUARE

XLCURRECT PIECE™

BNE SET-IT-DUWN

LDA UF -CLEAR-DOWN LYES

It NEGATIVE THEM
LDX & LUPDATE TABLE.(FIECE
LDA CHANGING-SGUARE X%SET DDWN, HOVE HAS
STAX .BOARD YXBEEN COMFLETED.?
BPL

ELSE
LDX CHANGING-PIECE  XCAPTURED FIECE HAS
LDAK CC UXBEEN FICKED UF...
STAX .BOARL TXUPUATE TABLE AND
b#l  SET-1T-DOWX LINALT FOR SET DOUN,

ENDELSE

INC 8
LDAK ©
Sta  §

AXLAXLATXAXA LR L LLL L AL AR X LR AAAR L AR KA AR LL AL A ALANR L
LXAXTAXXLRL
AZXLLLXLTLTL AR A TL LA RN LA UL AL RIXRRAI AL LA AXLLL

USER MOVE USER’S FIELE XLLLXLLALR
FEAKER-FLAG LHAKE NULSE

0 XCLEAR UP FLAG
HOULLBEUP-FLAG

STA COUNT-FLAG XS5ET COUNT FLAG
JSR  CLDSP LCLERR DISFLAS
JSR  GET-MOVE

IF (EKO THEN

TXLAAXLAAXALLLAZLATT LR AN LR AT AL AL R LU RIXAA LN

1323522
ALLALXLARXXALAXITLARR LR AX LA LA RLLLAARLLLALRAAR

NO CHANGE 1N BCARD KLXLARXL

Yssensaees  CHECK FOR "GO™ KET #s#oux¥sx]
JSR  GEIKEY
CHPH 13 Lt3=VALUL UF "GD" KEY

BEQ GO-COUNTDOUN

Lsxsesreer CHELK FOR "E" KEY [ZXPTTEIR )
CAPH  OE
IF ZERU IHEN XUSER WANTS (0
LOOF LXSUITCH SIDES
JSR GETKEY
CHFH OF XDEBOUNCE KeYBOARD
BEU
ENDLOOP
LDA SUITLH-FLAG ATUGGLE FLAG
EURH FF
STA SUITCH-FLAG
J5K  REVERSE LFERFORM EXCHANGE
JSR  CLEAR-STACK
JHF  START-COUMTING
ENDIF
Lesxsesse “pU" OR "B NUT FOURD std¥erssd
LDA COUNT-FLAG LLOUMTING DOUN?
[F NOTZERQG THEW
UEC FB LYES,
LUk FB

IF ZERO THEN

J5k CLEAR-STACK 4PLAY CHESS

Jup GO
ENDIF
LDAK OF ASTILL COUNTING LOWN,
ADC  LIGHI-SOUARE XXLIUHT NEXT SOUARE.
BHE

ELSE

Listing 2 continued on puge 46
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N

software

system

FAMOS™
MULTI-TASKING DOS:

8080/z80

Device independent file system
Multi-sessioning/spooling

Full user accounting
All files dynamic

Multi-user file security
Intersystem communications

$100 BUS SUPPORT

MVT-BASIC™
MULTI-USER COMPILER
Powerful file, string 1/0
Chaining . . . parameter passing

ISAM/sort facilities

Random, sequential files
e Machine language calls

Error trapping

HARD DISKS SUPPORTED

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

Library file insertion

“Cutting & pasting”/block moves
Full WP printer support

Multiple printers/concurrent
Wordwrap/variable line spacing
All options under user control

IMMEDIATE DELIVERY

AVAILABLE TO MANUFACTURERS/
OEM FOR PRIVATE LABEL
MARKETING

mMvT
v MICROCOMPUTER

LN

9241 Reseda Bivd.,

SYSTEMS INC.

Suite 203

Northridge, CA 91324
Phone: (213) 349-9076
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Listing 2 continued from page 45:

2089 AD 04 17 LUAE RAHLOHK LWALITING FOR MUVE...
298C ENDELSE YZLIGHT KAMNDGH SOUARE
20BC 85 2H STA LIGHT-SGUARE

20BE A5 FB LbA FH

2090 4C 4A 20 JHF SET-DLISPLAY

2093 ENUDIF

2093 10 49 It NEGATIVE [HEN

095 TARLRX AT LA LA L AL R AU R LLXATRA AR LR LA L AL LA
2095 LILALLAXE NEW FIECE SE1 DURN TLLLAXZX
2079 YAEELLLA LY XA LA TR RA AR AL L AL LAY
2095 Yesssassss TAKING BACK CAPTUREY #essksed el
2095 AS B2 LDA  .SP2

209/ Ly (8 CNP# C8 YUNLULING PREVIOUS
2099 FO oL IF NDTZERO THENW X¢{ CAFIURE?

2098 RS 4 LDA FROUH-SQUARE

2090 5 27 LHF  CHAMGING-SQUARE

209t Do 06 IF ZEKO THEM

i
!
1
I
)
1]
]
1
]
[
'
]
]
i
1
)
i
20A1 20 31 03 ¢ JSK  UHOVE x FES.
204 AC 44 20 JNP  UAIT-FOR-HOVE
2047 l ENDIF
t
'
3
]
1
[}
1
]
]
1
1
1
)
]
1
]
]
]
1

2047 ENDIF

20a7 Lokt rer+USER AULLING NEW PIECE##tedn rax}
2087 20 4R IF JSR  GETKEY AUALT FOR KEY EMTRY
2088 C9 15 CHPN 13 LalF HEX MNasME UR "+
20AC O 1L IF HOTZEKOC THEN

J0AE €9 12 CHPH "¢

20B0 po oC If ZEROD THEN

2082 AS FA LDA FA YFOUND "+", ENTER NEW
20b4 10 97 BPL GET-MOVEY XxPIECE INTU TAELE IF
2088 Ay FB LOX B TXNOT IN ALREADY
20B8 RS 27 LDA CHANGING-SUUARE

20BA 5 90 STAX (BUARD

20BL 10 Hé HVYL  WALT-FUK-HUVE

L0BE ENDIF

JOBE 5 F3 STA  TEMF ZFUUND HEX DIGIT
2000 A5 FB LDA FB LL"OR" IT INTD

2002 0”04 ASL  ASL RIFLELE WAME.

SOL4 0f 0R ASL  ASL

20CH 05 F3 ORA  TENF

2008 B FE i STA TH

2004 ! LADIF

20CA Ad 2/ ! LDR L[HANGING-SQUAKE  ZHUILD UISFLAY

000 5 2b ! STh  LIGHT-SUUAKE

20CE 85 F9 ! STA F9 XIXF?=SHUARE ON BOAKD
2000 A3 FB ! LA FB LFUT FLECE NARE INM
b2 29 \F ! AHDH IF TERANGE

2004 S th ! 574 fB IRLFH=FIELCE NAME
OIT AA ! 14X

2007 BS 30 ! LUAX .BOAKD

2009 43 FA ' 57a 1A NiibA=TABLE ENIRY
20DH AC 4D 20 ' JNP GET- MOVET

20DE ! ENDIF

20DE ! 1393257022822 Y 114t R Rt v A T R A R TR A 1S N4 Y]
2OUE ' TALATLER PIECE PICKED UF LLIELXXAL
JOUE ! LXAXXAX LS AL XA NE LRI A L LRI L LA L AN IXAAR
200t ' Issssassses USER PLAY WHITE? etssstres i)
20DE AS B ' LDA . SQUARE ISEE IF USER HAKING
GOLU e Le ! CAfx CC LXTHE FIRST AOUVE,
JPEZ 1o 03 ! IF ZERU IHEWR

ZOE4 £é B i INC .SOUARE IYES, CHANGE .SOUARE
J0ES 5C 4A 20 ! JHP SUITCH-SIDES IAAMD EXCHANGE

J0€9 ! ENDIF

20E9 ) YshtesbEnrt WAIT FOR LHANGE w+zrsrsxssy
SOEY 20 5D 21 ) JSR  CLEAR-S1ACK ILLEAN POSSIBLE JUNK
20EC Ay 2/ ! LDA CHANGLING-SOUARE

AO0LE S ta [ STA Fa TULSPLAYT SUDARE NUM
20F0 85 F9 ' STa F9

20F2 By 2B ' STA LIGKT-SQUARE

20FA 20 90 01 ! JSR  DISF TILSFLAY PIELE NANE
2087 A% 01 ' LDAK 01

20F% B 2F ' STA SHOULDBEUF-fLAG LSET FLAG

ZQFH ! LOQP

20FB 20 &8 21 ! JSK  GET-NUVE LAWATT MOVEL

JOFE Fé t BEQ

LOHF FB ! ENDLOO#

2100 ' Lksstserss PIECE SET BACE DOWN setsresdssl
2100 10 11 ! IF NEGATIVE THEN

Listing 2 continued on page 48
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Teat continued from page 42:

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

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

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

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

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

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

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






Listing 2 continued from page 46

2102
2104
2104
2108
2108

2108
210D
2110
2113
2113
2113
2113
2113
2113
21135
2117
2119
2149
2148
2110
20F
2121

2122
2123
2125
naz
227
212%
212¢
2120
212E
2130
2130
2132
2134
2034
234
RaRT
213C
23t
2149
2142

2142

2144

M4

2149

214C

214C

214E

2150

18

AS
[
Do
4C

95
20
AL

90
ce
b0

L1
FF
ce

78

03
Fi

21

ot
03

&8
T4

SUBROUTINE CLEAR-STACK:

SUBROUTINE GET-MOVE:
CRLXXRL XA RN B R AR AR AR AL AR L LIAALLLY
TAXAXRLXLLL CHECK FOR "DA“ OR “FC" TLAXETAAALY
Rty AR R R R At R N A A R T R P A T AN s N A N R b ¥

LDA CHANGIRG-S0UARE RFROM SGUARE =
CMP FA {XT0 SBUARE®
IF¥ IERO THEN
JKP  WATT-FOR-MOVE IYES, HO HOVE nalE,

ENDIF
5TA  JSOUARE Mg,
JSR KOVE XIRECORD MOVE,
JAP  START-COUNTING  TXAND COUNT DOUH.
ENDIF

LR REEX R AL ANLLRXAAALRLKLLLLL
b33 3141 2°ND PIECE FECKED UF TXLALXLL
ER AR AR R AL AR AN AR F RGNS N AR FI TS AN F 474
ITreasszass WALT FOR SET LOWM  kkebbbsedl
LD4 CHANGING-SOUARE

ENE 2-UP XIUALT UNTIL CORRECTED

YRESETS BOTH STACK HARKERS

PLA ThAY PLA ISTORE RETURM ADDRESS
LOX FF TXS LRESET NACHINE STACK
LDX% CB LRESET CHESS STACK
STX  .6F2

PH&  TYA  PHA LSET UF RETURH

RTS

LSCANS CRESSBOARD

1
1
1
]
b
1
i
1
1
1
1
[}
i
1
! 5Ta F9 IF9=TD SOUARE
| §Té ,SOUARE
12-Up: LooP
) LDA TODGGLE YFLASH LIGKTS FOR TO
! IF NEGATIVE THEW %LAND FROM SOUARES.
! LDA FA
' INC  TOGGLE
! BED
' ELSE
' LDA F9
! DEC  TOGGLE
! ENDELSE
' STA LIGHT-SQUARE
' JSK  GET-MOVE LUALT FOR SET DOUM
' BED
' EHDLOOP
' IF NEGATIVE IHEN
I P XTI RS E PN F1eLCE SET DOWN IR XTI
' LUA CHAHGING-SOUARE
' CHP F¥ -5 = 10 SPUARE?
' LF NOTZERD THEN LINOPE,
' CHF I 1= FRON SQUARE?
' BHE ERRUK-1 ZINDFE, ERROR
' Lux F9
; STA §9 %70 & FRUA SGUAKES
! STA  .SGUARE LREVERSED, SUITCH BACK
' 57X Fa
' ENDIF
! LDA Fa ZSAVE FROW SQUARE FOR
' STA FROM SOUARE LZUSE TF UNDOING HOVE
1 JSR DSk XSET LPIECE
! JSK  WOVE ZRECORD MOYE
f Lesatsssas LNLTLALIZE COUNT DDWN s+obabisl
ISTART-COUNTING:  LDAN 00 ICLEAR FLAB
! STA  SHOULDREUP-FLAG
' STA LIGHI-SAUARE
' LBAK OF ILUAD DELAY
' INC  SPEAKER-FLAG XSDUND OFF
JKP  SET-COUNT
' ENBIF
LERKOR-3: INC  SPEAKER-FLAG LSOME TYFE OF ERRUR,
L1
1
1
|
1
t
1]
]
]
1
1
1

JGR  GETHEY
CHPH 11 Eii="DA" KEY
IF ZERG THEM
LDXW 1F XFOUKD “DELETE ALL"

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

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

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

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

Interpreting the User's Move

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

After checking to see whether or
not the user is playing White, GET-
MOVE is again called at hexadecimal
address 20FB. If the piece is set down
at a new square, the move has been
completed and a countdown is
started. If, after picking up a piece a
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2174
2176
2176
2178
2179
2174
2178
217D
217D
M7F
2181

2184
2184
2588
2184
218C
218¢C
N8t
2190
2192
2194
2187
2194
2198
21%C
29F
2142
2182
a2
2142
£1A2
2142
2144
2148
2188
21A4
214D
21aD
2UAF
21AF
21B1

213

2183

21B%

21BS
2187
287

L1bA
AL

21BE

21c)

2

210

2

21!

20

2403
€5

2160
21E2

50

49 CC

95 50
CaA
10
FB
30 1F

€9 14
Do 21
20 18
85 B
A9
83
85 30

AS
85
85
85
20
20
Do
Fo
20
AC 44

AS

as
19 77
AC

83

A7
85

a5

20 1F
Ad
Fo
EE

00

o
21

21
20

21

!

VINP-TO-NALN:

exx
Xixz

START-5CAN:

Lbad CC
LoOP
STAX
DEX
BPL
ENDLOOF
BAL  JNP-TD-HAIN
ENDIF
CcHPe 14
IF ZERD THEW
JSR  CLEAR-BDARD
5TA  .SQUAKE
LDAN 00
STA  SHOULDBEUF-FLAG
STA SWITCH-FLAG
LooP
LDA
sTa
STA
Sla
JSK
JSK
BARE
ENDLOOF
JSR  CLEAR-STACK
JHP QAIT-FOR-KOVE
ENDIF

+BOARD YFILL PIECE TABLE

XXMITH “CC™

X14="PC* KEY
IX(PLEASE CLEAR)

XSET UP NEW GAME
{FLAG LSQUARE WITH CC
L{LLEAR FLAGS

XUAIT FOR CLEAR BUARD
CHANGING-SQUARE
Fe XUISFLAY BAD SGUARE
FA
LIGHT-SUUARE
(813
START-SCAN

AD1SPLAY PIECE NANE

IRESET STACK

AALXAXAXL AR AR LA RN AL XL AL LA RA AT LA LR L XA LRLL

XXZXXXX  START SCAMNING CHESSBOARD LAAXLALAXX
RAXXXLAX AL LR RN XA LS LN LA LA AL AXLL
Lesessrses SET UP PORT-LIGHT #idksdwesl
LDA SHITCH-FLAG XSIDES EXCHANGED?
IF NOTZERD THEN

LDA LIGHT-SQUARE IYES,

EORN 77 XXPL=77-"LIGHT-50UARE"
JNP

ELSE RO,
Lba LIGHI-SuuARE LIFL="LIGRT-SAUARL"

ENDELSE
STA PORT-LIGHT
Tosd0a0as [NITIALIZE U-C-T & TC-Ss#vs0dax]
LbAN 00
STA UP-CLEAR-LUNN
Loap
ST4 [CHANGING-SQUARE
IetkssensdD0 MISCELLANEUUS 1/D¢d#terensdy
JSR  FLASH-DISPLAY LFLASH DISFLAY
LDA SPEAKER-FLAG
IF NOTZERO [(HEMN
INC® PORT-4
ENDIF
TXXRRZAALAZX L A2 AR RN AT LN RAXA A XXX LA L L EX LA LY
LAXXXAXL IF SHUULUBEUP-FLAG NOT SET XXXLXXXX
TLTXIXXY SEE [F SOUAKE [N FLELCE TABLEXXIZXZXX
XAURAXI LA LR AR LR AR A AA LA LR AALXLXLAL
LDAN 00 XASSUNE SOUARE DK
STA TUP-CLEAR-DOMN
LDA SHOULDBEUP-FLAG XIN MIDDLE OF MOVE?
IF NOTZERD THEN
LDA TCHAHGING-SQUAREYYES, IS5 SQUARE LN
CHP FA RXUISFLAY? IF S0
BEQ NOT-IN-TABLE XXIPRETERD 1HA) 115
cHe  F9 LINOT IN FPIECE TJABLE.
BEG NOT-IN-TABLE
ENDIF
LeehedesebxSEARCH PIECE THBLEs##ekoroa0%)
LDXN IF
LOOP
LDAX ,BOARD
UNP (CHANGING-SUUARE
[F LERU (HEN
STX TCHANGING-PIECE
INC rUP-CLEAR-DOUN XFDUND SQUARE
BNE BUILD-PORTS
ENDIF
DEX
BPL

ITBGBLE SPEAKER

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

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

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

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

Using the System

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

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

Operating the System

The interfaced version of
Microchess is started at address 0000,
just as the unmodified Microchess.
The speaker will probably hum. To
start a new game, press the PC key.
The speaker's sound will cease.
Choose the White or Black pieces,
and set up the board with your choice
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Listing 2 continued from page 50,

2E3 FI 1 ENDLOOP of color placed closest to the bottom
2064 L4 34 INDT-EN-TABLE: DEC  TUF-CLEAR-BUUN XsUARE wui IN .buaku X axis LEDs. After the chessmen are
1E4 ! zzzzzzmu::mzzzz::}izzzgégzuuiﬁgiig in place, the display will show all 0s.
M4 1 - .

SNes ( P L 0 b I If you are playing White, make your
21E6 ! XeesoraraosSET UF PORT-SOUAREs susssoseds] opening move. If the computer is
21E4  AS 30 IBUILD-PORTS: LDA SWITCH-FLAG ZSLDES EXCHAMGEDT playing White, press the GO key.
21E8  FO 07 ! Ib NOVZERD THEN N o To set up the pieces in a new con-
J:E: :: gg : Il:.g:ll IEHMGING‘&L’MHL ;;EE'?E:{ZEULEE figuration, or to continue a game that
EE AC \ P was halted earlier, set the chessboard
21EF F3 20 ¢ ELSE IND, up with the chessman in their desired
JFt AS 12 ' LDA  TCHANGING-SOUAKE IXPS="TCM-SUUAKE"  position. Start the chess program as
L:::: S : ;'::E"gﬁm_saumt described above, but instead of press-
EIFS i ITesansasane e s dsFDRI-APtoraruandtsonssnd ing the PC key, press the DA key.
IIFS a5 2 ' tuA  FURT-LLGHI Type in the name of each piece using
2Fe 30 04 ! 1F VOS19IVE VHEN ] the hexadecimal keyboard as you
2tk QA QA ! ASL  ASL INEGATIVE=4 AX]S, WOU]d Whel’l adding a new piecf."
MEB OA OA ' ASL  ASL IWOSITIVE=Y AXIS. ) d

S4FD i ENDIF Start the play by either making a
21FD 2% 20 ' ANDN 70 move or by pressing the GO key.
a0 oh oo Tow | t0G0LL seakes |G, 200 2 new piece to the board,
3263 g: £3 : SFa  [EAP set the piece on the desired square.
3y A% M | LUaN O} The KIM-1 display will show 3 bytes
2207 20 9017 ANUE FOKE -3 of information. The first byte will be
332: :: :3 17 : gl;:e lﬁfﬁn YSTORE ALL BUT COLUMK o rabndom piece ~designation  (as
230F A5 , LbA PORT-SQUAKE described on page 3 of the Microchess
22001 29 40 | ANDN 4D player’s manual). The second byte is
JNI 4R AR AR LSk LSR LK the square that the piece is on,
4216 05 2D ! OK&  PORT-SOUAKE according to the Microchess board-
3_:,;::‘ 5: o | ::E' o status table. If the piece has been cap-
2 OU B0 1S ORA® POKT-A tured, "CC" will be displayed. The

Listing 2 continucd vt page 54 third byte is the number of the square

e e e g e e

make sound. You g'el:“w DEMONSTRATION.

FFT o= W 1WWN PRALREN FWA M
= a variety of sample sound effects and Suggesled Retail:
musical notes |
= directions lo easily create your own Eiy;r:::n?::?:a 4 g:::mc;o::esss‘ss
sounds and lunes y :
« complete instruclions, including sample 3N Jose. CA 85124 (408) 371-4120
BASIC subreulines, tor adding sound to
any program.
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J21E 8D 00 1/ ! 5TA@ FORT-A IOR IN COLUNK

2221 ! Ldsaososd b bderdaPOR| -Rottaibenonsbspossn]

222 A5 2C ' LDA PORT-LIGHT

2223 18 ! cLe

Je2d 49 80 t ADCH 80 ITOGGLE FL FLAG BIT
A228 85 2C ' STA PORT-LIGHT

2228 29 80 ! ANDH 80

2224 44 44 ' LSk L&K RGET X WR Y AXIS AND
it 8D 02 17 ! S1a8 FPORT-B LXENABLE LEDS

222F ' IXXLNAIL LT LA RLANLLALIXRLAAALRLAL AR XL XAT AR LXX
222F ' LALLLXX DID STATUS OF SQUARE CHANBEY XXIXXIX
222F ' LALAATY IF S0 RECORD THE CHANGE AAXXALL
222F ) LEALL LRI IR AN LT AL R XA XL AN ALK
222F ' Iexrecesssaesdsd3READ ROV et deret]

222F 43 2D ' LDA PORI-SAUARE

22 29 30 ! ANDIR 30

22343 44 44 ! LSR LSR

2235 44 4A ! LSR LSE

2237 AA ! Tax

22318 BS B? ! LDAX MASK-TAPLE

2234 20 02 17 ' AND® PORT-D

2230 ] Lrsse3s b 56 kCHELK FOR CHANGES®rexsss:p33)

223D D0 04 ! IF ZERO THEN

223F AT 34 ! LDA TUP-CLEAK-DOWW XSQUARE OCLUFIED...
24 10 10 ' BPL MHEXT-SGUARE XAND IN TABLE.
2243 30 ! BN1

2244 04 ! ELSE

2245 AS 34 ! LDA TUP-CLEAR-DDUN XSBUARE EMPTY.,.
2247 30 0A ' BMI NEXT-SQUARE IXAND NOT IN TABLE
2249 ! ENDELSE

2249 ' XessssssFQUND A CHANGE, RECORD ITeesxw2s

2249 85 315 ! STA  UP-CLEAR-DOUN

224h AS 32 ! LDA TCHANGING-SQUARE

2240 8BS 27 ! STA CHANGING-SQUARE

224F AS N ' LbA TCHANGING-PIECE

2254 85 28 [ STA CHANGING-PIECE

2253 ' RXXAXXLALALAAZX LR AL XL L XA A XA LA L LA L AXX XA
2253 ! YXZLLXXCHECK NEXT SOUARE OR RETURM IF ALL DOMEXXXZXZ
2253 ! TXAXALLAT I AL AN RAAX LA LR R LT LRA A RL AN AL ZAAAXT
2253 Eé 32 INEXT-5SQUARE: INC TCHANGING-SOQUARE ZADD DNE TO

2255 A7 08 ! LDAN 0B TXTCHANGING-SQUARE
2287 25 32 ! AND TCHANGINB-SGUARE

2239 0A ! ASL

2254 18 ! cLe

22%B 65 32 ' ADC  TCHANGING-SOUARE XADD “"CARKY"

2250 29 77 ! AND® 77 IMASK GUT GARBAGE
225F BY 32 ! S1A  TUHANGING-STQUARE

22488 FO 03 ! BE@ KETURN

2263 4C ! JNP %1XG0 CHECK HEXT SQUAKL
L2064 B 21 ! ERDLOOP

2246 A7 00 'RETURN: LDAN 00

2268 85 2E ! STA SPEAKER-FLAG

2264 EE 02 17 ! INC® PORT-ER

226D A5 3% ' LDA UP-CLEAR-DOUN

226F 60 ! R1S

2270 !

LN OF ASSEMBLY

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

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

54 September 1979 & BYTE Publications Ine

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

Conclusion

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

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

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

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

Editor’s Note

The program described in this arti-
cle was designed to be "foolproof” for
the beginning chess player. The
countdown period for changing a
move will greatly ease the frustration
often experienced by players of com-
puter games, the sinking feeling of
“Oh no, 1 didn't mean that, and
there's no way to take back the
move!” More programmers should
pay such attention to the user inter-
face of their systems.

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

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













Programming Ovickics

A Similarity Comparator for Strings

T C O'Haver
Professor
Dept of Chemistry
University of Maryland
College Park MD 20742

The trouble with computers is that
they have no common sense. If a
computer is directed to search a file
looking for a particular string of
characters, a simple typographical

10 LETT=0

error will cause the computer to 20 LETP=3 .
report that no match has been found; 28 mlﬁ:ll-‘ A;'RST WORD" |
even though there was something 50 LET A= LEN (A$)
very close in the file. The statement gg mlm’_ 'é%ECOND WORD" ;
If A5=BS THEN. . . ” is taken 75 IF AS=BS THEN PRINT “EXACT MATCH"
literally by the computer; even the 80 LET B=LEN (B$)
slightest difference is not tolerated. 188 LFOAR>MB—:HT%NBLET B=A

Wouldn't it be better if a computer, 110 LETC=0
finding no exact match, would report 120 FORI=1TOM
the best match, or the 5 best matches }gg IEE:II: 'Eg:m'gg ((é‘g] ?)_ M+11)
listed in order of closeness of match? 150 IFK$=L$ THEN LETC=C+1
To do this, a routine is needed that }68 NEE‘I)'(Tl—-
returns a quantitative estimate of the 150 tET $;$LPC
similarity between 2 strings. That is 190 NEXT M
what the routine illustrated here does; 3?8 EEOPCM_=OB +1T02°B-1
it computes a similarity index on a 220 FOR1=1TO2*'B—M
scale of 0 thru 100 percent. ggg l[g Eg: &Allgg ((ég'r'\h 1) 5

. . , . _ = M-—B+1,1)

Listing 1 gives a BASIC string com 550 (FK$= LS THEN LET Co G a1
parator program. The heart of the 260 NEXT |
program is in lines 100 thru 290; lines 270 LET Cf cip
10 thru 90 are there only to allow the 388 klEEg(; b‘AT"'C
routine to be demonstrated with 2 300 LET S=100*T/BIP
manually input strings. The funda- g;g 'L’ER,'rNTT_S(ZJ“°/°'
mental idea is simple: each character 330 GOTO 70
in one string is compared to each 340 END

character in the other string. This is
done so that groups of characters that
match are weighted more heavily
than the same number of matches of
individual characters. This allows,
for example, "POOL” and “POOR"
to be rated more nearly equal than
“"POOL” and “POLQ", even though
the latter 2 strings have more
characters in common.
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Listing 1. Listing of the similarity comparator program in Ohio Scientific Instruments
8 K BASIC (a Microsoft interpreter). The up arrow indicates exponentiation.
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Some Musings
on Hardware Design

Clayton Ellis
Rt 4, POB 86
Montrose PA 18801

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

Taking the topics in the above order, we
start with a look at some of the more com-
piex types of TTL chips in the “74xx’’
series. (We will ignore simple gates for the
most part.) An example is the 7442. This
integrated circuit is a binary coded decimal
{sometimes called BCD) to decimal decoder.
What this means is that the circuit will
decode 1 line out of 10 based on a 4 bit
binary code. Figure 1 shows the pin con-
nections. Regardless of what it is called,
it works like this: pins 12 thru 15 are a 4 bit
binary input, pin 15 being the 1's bit (it 0),
14 the 2 bit {bit 1}, 13 the 4's bit (bit 2),
and 12 the 8's bit (bit 3). Pins 1 thru 7 and 9
thru 11 comprise the output pins, each pin
staying high (logic 1 or a higher level voltage
of about 3 to 5§ V) unless the corresponding
binary code is applied to the input. For
example, let's say that pins 12 thru 15 are
01071, In other words, 12 is at a logical low
(about OV); 13 is at a logical high level

+54
Tua
Vee |
0 p—
. 15A Taaz lz
Py LI,
14 4
' 8 e
N a— | Y
P P
u sfe— { §
T
3] sl? T
—
12
L N ALl
g‘Ii p
GND

,J,a

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

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

+5V

TZ':
Vee
of—
74154
2. Py | -
o
22 N E .
ADDRE 55 P
LINES
2. si6
64—
20}, 71—
9 QUTPUTS
8—
ol
opf—
Py LI
18 i5
GATE []] 32—
INPUTS 1:] P8 A L
|5LJ
GND

i

Figure 2: Pin connections for a 74154 TTL
4 line to 16 line decoder.
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O i Figure 4: A data selector
3> to sample each of 16 lines
D—L sequentially. It looks good,
8 [>- — but it doesn’t work, A
| . . .
s neglected inversion in logic
D_ levels and thinking is the
6> !_)__ demon.
T[>
1 —
8 > ]: ouTPuUT
° > ™)
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io > j___)
n>— \
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13 [—
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5[ > D
1 213 4[5 617 |8 |S pol 13 pa 1S Ji6 17
(o I} 34 5 : 10 H 12 1314 (5 +3v
74154 vee 22 Figure 5: Another approach to the problem
A B ¢ 0 GND in figure 4. This approach has a much lower
23 |2z |21 |20 T2 parts count, so it is much easier to wire and
it works.
12 9 8 1] +5V * 3V
i[Toa oB oc ao $
: 74934 vee Vaa
<c
Co— AICLOCKIL Lo o o,
5T 1o ; 74150
>
>— %0
Veld > 5l
. . . 0
when the input would contain valid data, or o>—Ya ouTfP—m{ >
when the output is useful only at specific >3
intervals. o—2s
Now that we have taken a jook at a few > q,
of the more involved logic blocks, let's look 23
at how casy it is to design the somewhat > v ®
more complicated circuits using the simple o9
TTL blocks in conjunction with one or more >— 2o
of the above type of logic blocks. >,
If we want to build a sequencing device 0o ] 1
to look at a number of incoming lines, and 8
if we are to use a given clock signal to coor- > —is
dinate all this, we can use the logic circuit Oo— GND2
in figure 4. A very simple and straight- Co>—— 185
forward circuit, right? Not quite. Let's take ﬂns EM C|3 D“
a second look. All the inputs but the one
sclected by the 74154 are going to be en-
abled at one time. The selected pin goes low, 2 s s Iu +5v
remember? By this time, if not before, you IR eaosoc e s
probably recalled the look we just took at 74934
the 74150 and are wondering why we did D—'“n:cwcx; s onD
not use it. Figure 5 shows the circuit using e el

the 74150. The foregoing just illustrates a
good point (and one to keep in mind when-
ever you undertake any logic design). There
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Get circuit requirements down on paper in block form,

Break each block down into required logic.
Use the most integrated block available for each function as in the example of

figure 5 unless the cost of such a module is much higher than two or possibly
three less intricate ones.

Don‘t go overboard with smaller blocks. This increases the density and complexity
of interconnection, greatly increases the chances of errors and reduces system
reliability.

Cross-check all designs, as you may have redundantly developed the same signal

line. Sometimes most of one segment of a circuit can be eliminated with an inver-
ter or small amount of additional gating.

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

Table [:

Approach to

finding the simplest logic

circuit for a given function.

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

Timing

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

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

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

TOGGLE FLIP FLOPS DIVIDE FREQUENCY BY 2

D00

Q 7 Q T Q 7 o)
FFI FF2 FF3 FF4
| A
> S o
. )—D ¢

I I CLOCKeFFI

CLOCK*FFI

[

CLOCKeFFIa FFZ sFF3
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pulse on line A, and the duration will be
identical.

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

In an actual circuit, the clock pulse on
line A would go positive slightly ahead of
the pulse on line C. This is due to the delay
(called propagation delay) across each flip
flop encountered by the leading edge of the
pulse. This delay is on the order of nano-
seconds for each gate encountercd. Let us
assume an arbitrary 5 ns delay for each gate,
Then the delay from the input of FF1 to the
output of the AND gate driving line A would
be 10 ns. Thisis 5 ns for FF1 and 5 ns for
the AND gate. The delay ‘from the input to
FF1 10 the output of the AND gate driving
line C would be not 10 ns, but 20 ns: 5 ns
for each of the three flip flops and 5 ns for
the AND gate. The pulse on line C would
actually start 10 ns after the one of line A.
This will also make a difference in the dura-
tion of the pulse on each line; as the plus
level arriving later than the clock pulse at
the input 1o the AND gate determines when
the output of the AND gate goes positive.
However, the trailing edge of the clock pulse
input determines when the AND gate output
goes negative.

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

1NPUT

C QUTPUT

]

| ]

Figure 7: A pulse generator for nanosecond
range pulses. Pulse length is determined by
the propagation time through the gates
between the input and point 8. More sophis-
ticated methods are required if an accurate
pulise length is required.

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

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

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

Also to be considered is the capacitive
effect of the interconnection lines: the dis-
tributed and stray capacitance which are in
parallel with the output of each gate add
slightly 1o declay times. It takes a finite
amount of time to charge this capacitance at

Figure 8: A magnified view of the pulse
shown in figure 7. The output pulse is de-
layed by the propagation time of the AND
gate. This time varies but is typically about
10 ns for normal transistor-transistor logic,
less for the high speed and Schottky version
and more for the low power integrated
circuits.
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A Low-Speed Analog-to-Digital
Converter for the Apple II

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

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

About the Author

Richard Hallgren is an Assistant Professor in
the Dept of Biomechanics at Michigan State
University. He is working on the application of
microprocessor-based systems in  scientific
research,
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Number Type +85Y GND -5V
i MC14028 16 8 -
IC2 MC14048 1 8 —
IC3 SN7427 14 7 —
IC4 MC14013 14 7 —
1C5 MC14433 24 13 12
iC6 ADSBD —_ — —
IC7 MC14503 16 8 -
1C8 MC 14503 16 8 —
1C9 DM7432 14 7 —_—

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

board, the finished interface board
will be inside the computer and will
be able to use the computer’s power
supply. Because of these character-
istics, turning the Apple 1] into a real-
time data analyzer becomes a matter
of designing an analog-to-digital con-
verter circuit, and control logic to
meet the need of the application.

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

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

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

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

Text continued on page 74

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

side, —_—
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Address tnstruction

4000
4003
4008
4009
400A
400C
400E
4010
4012
4044
40186
4019
401B
401E
401F
4022
4024
4026
4029
402C
402F
4030
4031
4032
4033
4036
4037
4038
4039
403A
403B
403C
403D
403E
403F
4040
4043
4048
4048
404A
404C
404F
4052
4054
4056
4058
4058
405D

405F
4061

4062
4064
4066
4088
4069
406B
406E
4071

4073
4075
4077
407A
407C
407E
4080
4081

4083
4085
4087
4088
408A
408D
4090
4092
4084
4096
4099
4098
409D
409F
4040

74

BO
B1
82

1E

49
49
49

49
49
49

49
49

40

Co
co

co
49

49

49

Cco
49

43

Op Code Operand Comments

LDA
STX
sTY
PHP
LDX
LDA
STA

$4980
$49B1
$49B2

#3500
#3800
$0A
#$4A
$08
#300
$49A0
#34E
$49A1

$49A1
508

$4031
$49B0
$49B1
$49B2

$401E
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Save registers

Starting location of data storage

Final location of data storage
Disable interrupt

Have all data locations been filled?

Enable Interrupt

Start A/D conversion

AID conversion finished?

Input data

Temporary data storage

Check for first digit (MSD)

Peel off digit code leaving data

Store data

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

Increment upper 8 bits of data storage

Input data

Check for second digit

Peel off digit code leaving data

Store data

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

Incremeni upper 8 bits of data storage

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

Store data

Increment lower 8 bits of data storage

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

Text continued from page 70:

significant 4 bits of the address are
decoded by IC1 and are used for on
board addressing. Performing a store
accumulator (STA) operation to loca-
tion COF2 causes the SC (start conver-
sion) line to go high and resets the
flip-flop 1C4. Performing a LDA
(load accumulator) from hexadecimal
location COF1 transfers the end of
conversion (EQC) and overrange
(OR) status data into the computer.
Performing a LDA from location
COF0 transfers the digit-select code
and the binary coded decimal (BCD)
value of the particular digit selected
into the computer.

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

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

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

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






40A2
40A4
40A6
40A7

40A9
40AC
40AF
4081

4083
4085
4088
40BA
40BC
40BE
40BF
40C1

40C3
40C5
40C86
40C8
40CA

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

C8 INY

84 0B STY %08

AD Fo CO LDA $COFC  Input data
8D A2 40 STA $49A2

D0 F4 BNE $40A9

AD A2 49 LDA $49A2

29 0OF AND #30F

81 0A STA {80A,X) Store daia
Ad OA LoY $0A

C8 INY

resolution graphics capability of the Apple lI.

100
101
102
110
111
112

113

76

Program

DIM Z (300}
HOME
GOTO 1000
CALL 16384
HOME : VTAB 24
PRINT “THE DIGITIZED DATA IS
BE/NG FORMATTED FOR PLOT
ING"'
X =18¢44
FOR J=0 TO 255
V1 =PEEK (X}
V2=PEEK (X + 1)
V3=PEEK (X + 2)
V4=PEEX (X + 3}
X=X+ 4
IF¥1 > 7THEN V1 = 0
{F V1 = 0 THEN GOTO 140

v
1 =1
$ = STRS (V1) + STRS (V2) +
STRS (V3) + STR$ (V4)
Z(J) = VAL (v$)/1000
NEXT J

HGR: HCOLOR = 3
HPLOT 20,0 7O 20,150
HPLOT TO 279,160
HPLOT 18,0 TO 22,0
HPLOT 18,10 TO 22,10
HPLOT 18,20 TO 22,20
HPLOT 18,30 TG 22,30
HPLOT 18,40 TO 22,40
HPLOT 18,50 TO 22,50
HPLOT 18,60 TO 22,80
HPLOT 18,70 TO 22,70
HPLOT 18,80 TO 22,80
HPLOT 18,80 7O 22,90
HPLOT 18,100 TO 22,100
HPLOT 18,110 TO 22,110
HPLOT 18,120 TO 22,120
HPLOT 18,130 TO 22,130
HPLOT 18,140 TO 22,140
HPLOT 18,150 TO 22,150
HPLOT 4,47 TO 4,53
HPLOT 7,53

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

HPLOT TO 14,47

HPLOT TO 10,47

HPLOT 7,103

HPLOT 14,97 TO 10,87

=
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Carry out {o upper 8 bits?

Increment upper 8 bits of data storage

Check for LSD {least significani digit)
Peel off digit code leaving data

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

Increment upper 8 bits of data storage

Return from interrupt

Comments

Machine language routine

Starling address of data

Get first digit (MSD)
Get second digit

Get third digit

Get fourth digit (LSD)

Decode MSD

Convert diglis Inlo voltage XXX X

High-resoluticn graphilcs

Plot X-Y axis

Listing 2 continued on page 78

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

[ START )

CALL MACHINE
LANGUAGE RQUTINE

INITIALIZE
DATA STORAGE
LOCATION

L

GET 4 DIGITS

FORMAT INTO
YOLTAGE

ARE ALL

PLOT X, Y AXIS

PLOT VOLTAGE
SAMPLES

DIGITIZE
NEW DATA

shows the coded program with com-
ments.

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

The TEMPOS Operaling Syslem is quickly becoming the standard in Mulii-
User, Multi-Tasking operating systems lor 8080 and ZBO microcomputers.
Mulb-Tasking means thal, even with only one user at one terminal, more
than one job can be running on the system simuttaneotsfy! If you have ever
had 1o go get acup of coffee while you wait lor your computer to print list-
ings, you know the advantlages of a syslem thal will handle one job while
you are working on anolher. TEMPOS is a true time sharing system, and
the maximum number of jobs is limited only by your memory.

MULTI-USER!

Want to share your computer with another user? With TEMPOS allit takes
is another terminal . . . up to seven interactive terminals are allowed! And
with Re-Entrant programs, each user does not need a complete copy in
memuory. We include three Re-Entrant programs {the OPUS; THREE High-
Level Language, the TEXTED Texi Editor, and FILES, a disc file
directory/manipulator) or write your ownl In addibon, we include an
assembler, a linking loader, over a half-dozen cther utility programs and
over 80 system subroutines, callable by the programmer!

PROVEN!

With TEMPOS, you gel a package (hat has been tested in our facilities (or
over two years, and in the field at over 50 diiferent installations. We have
used (his system ourselves for everything irom wriling high-level languages
to developing applicalions to tex! editing to games. TEMPOS is undoubted-
Iy the most Mlexible sofiware 1ool on the markel . . . and you can have it lor
much less than you think!

COMPATIBLE!

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

ADMINISTRATIVE
OOSYSTEMS
OOOINC.
a0

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

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

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

All connect time charges
and suftware purchases will
be billed through use of
credit card information
which is provided by the
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customer. For a Service
Application form and more
information, write to Per-
sonal Computing Division,
CompuServe Inc, 5000 Ar-
lington Centre Blvd, Colum-
bus OH 43220, or call (614)
457-8600.

NOTES ON
BULLETIN BOARD

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

CITRUS COLLEGE
OFFERS PERSONAL
COMPUTING COURSES

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

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






Techaicsl Forum

Operating Systems

Let's Have Some UNIX-Inspired Software

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

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

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

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

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

The following is a summary of the major system calls
of UNIX that deal with file or an 1/O {input/output)
device. A file name in the open and create calls can also
be a device name (such as the name for a terminal or
printer).
Qpen {name, mode} opens an existing file (or device)
for further operations. “Name" is a pointer to a
character string which is the name of the file {or
device) and "mode" indicates reading, writing, or
both,

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

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

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

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

(fildes) closes a file,

Create

Read

Write

Seek

Close

Each open file has a read/write peointer associated with
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Part 4: Looking for Controlled Variables

In this last part of my series of
articles, a simple experiment with a
human subject will be attempted; an
experiment that can be expanded
almost indefinitely. All of the prin-
ciples from the previous parts will be
used. Before the experiment starts,
note the following main paints that
have been established:

® The behavior of an organism is not
its output, but some consequence
of its motor outputs acting
together with unpredictable forces
or other disturbances.

® For a more or less remote conse-
quence of motor outputs to be
repeatable in a disturbance-prone
world, the behaving system must
sense the consequence, and act to
keep it matching some static or
dynamic reference condition. By

definition, that makes the
organism a control system.
® Organisms acting as control

systems control what they sense,
not what they do.

® What is controlled is what is
sensed, even when the sensing in-
volves one or more stages of real-
time computations based on
primitive sensory signals,

® In a multiple-level control systern,
the higher levels act by varying the
reference signals for lower-level
systems. They control perceptions
computed from many lower-level
perceptions, some or all of which
are controlled by the same lower-
level systems.

® [f there are n degrees of freedom at
one level of control, in principle n
higher-level systems could act in-
dependently and simultaneously
by sharing the use of the lower-
level systems. Any higher-level
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system acts by sending amplified
copies of its error signal to many
lower-level systems, each with the
proper sign to achieve a negative
feedback effect. Any lower-level
system receives a reference signal
that is the net effect of super-
imposed higher-level output
signals. This worked for a 2-level
system with 3 control systems at
each level: there is no limit, in
principle, to the number of levels
or the number of systems at each
level. In practice, there is reason to
anticipate finding hundreds of
systems at a given level, but no
more than 10 or 12 distinct levels
in a human being. This will be
commented on later.

Abstract models and simulations
are fine for conveying general ideas.
However, if one does nothing but
make models and simulations, it is
easy to get involved in the math and
engineering, and forget the real thing
is there to be seen, [tems described in
the first 3 articles in this series repre-
sent something real. Real organisms
work much the same way control
systems work, They do not work in
any of the other ways that have been
proposed over the centuries (as far as
their behavior is concerned). | am not
talking metaphorically. There are ex-
cellent reasons to think that when the
properties of organisms begin to be
investigated in terms of control
theory, hard data about the way we
are organized will start to accumulate
{up to a point, anyway).

The experiment to be described in
this article is so simple that it may
look elementary. Nevertheless, it is
the starting point for a new approach
to exploring the organization of

human beings, Most new ideas start
by looking like old ones, but with a
twist that leads in unexpected direc-
tions. If you are familiar with track-
ing experiments, do not be too quick
to decide what this is all about.

Equipment Required
The basic equipment needed to do
this experiment is;

® A joystick with 1 degree of
freedom (ie: a potentiometer with
a stick on the shaft will suffice).

® A reasonably fast analog-to-digital
(A/D) converter with 7-bit or
more accuracy. My system uses
the Cromemco D+7A, which has
7 analog channels in and 7 out, as
well as 1 input and 1 output 8-bit
port.

® A memory-mapped display, in
which points are plotted on a video
screen by depositing appropriate
codes in a reserved segment of
memory. This, or something
equivalent, is essential for creating
the moving objects that are involv-
ed in the experiment. I use the
Polymorphics VTI with the display
area in the 1 K bytes of memory
starting at hexadecimal location
D000, Out of deference to systems
that do not have the VTI's graphics
capability (however crude), [ have
used 64 horizontal elements in the
alphabetic mode. Higher resolu-
tion would be much more desir-
able, but this much is enough to
show the principles well,

If no memory-mapped display is
available, but 2 digital-to-analog
{(D/A} outputs and a triggered
oscilloscope are, the display that is
needed can be created. Use 1 D/A
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converter to deflect the trace in the Y
direction, and the other (or 1 bit of a
digital port) to trigger the sweep. By
starting the sweep and then out-
putting the 3 cursor values in se-
quence, a 3-segment trace can be
created, with the motion of the cur-
sors being up-and-down instead of
side-to-side, as in the following pro-
gram. Lay the oscilloscope on its side
if that deviation bothers you.

Systems with built-in graphics
under BASIC control, such as Apple,
PET, or TRS-80, will probably allow
the experiment to be done more
simply than how I did it in listing 5.
The basic requirement is to be able to
read a number from a stored table,
add the handle position to it, erase
the old cursor, and use the sum to
position the new cursor, doing this
for 3 cursors at least 4 times per se-
cond - the faster the better. (An exam-
ple of the simulation on the Apple II
is shown in listing 6.)

Experimental Design

Imagine a display with 3 cursors on
it, one above the other. Each cursor
can move left and right. The subject
looks at this display while holding a
control handle. The instructions for
the first experiment are very simple:
the subject is asked to select 1 of the
cursors, and hold it still, somewhere
near the center of the screen as ac-
curately as possible for the duration

North Star Strings

The North Star BASIC string expression
B3%(L]) corresponds to MID$% (B%,1]) in other
versions of BASIC. BS$(l) corresponds to
RIGHTS$(B$,I), and B$(1.1) corresponds to
LEFTS$(B$.1.1).

of the run. Engineering psychologists
call this “compensatory tracking.”
They use it to investigate the limits of
speed and accuracy of control in the
presence of rapid disturbances of
various kinds.

If the handle is held centered, each
cursor will be seen to wander back
and forth in a pattern that is indepen-
dent of the other 2 cursors. In this ex-
periment, the disturbances causing
this wandering are made very slow
and smooth. With even a slight
amount of practice, every subject will
be able to maintain essentially perfect
control. Transfer functions will not
be measured, nor will the limits of
control be tested in the manner tradi-
tional in engineering psychology. A
subject acting well within the range of
normal operations under conditions
where the phenomena of control can
be clearly seen is desired. The subject
selects a visual variable (position of 1
of the cursors), selects a reference
level for that variable (a particular
position), and maintains the perceiv-
ed positicn at the reference position,
while disturbances act that tend to
move the cursor away from the
reference position,

Figure 17 shows the setup in
schematic form, The 3 disturbances
are labeled D1, D2, and D3. The 3
cursor positions are labeled C1, C2,
and C3. The position of the control
handle is H. The position of each cur-
sor is determined by the sum of H and
one of the Ds. For cursor 2 the effect
of the handle is reversed, so the 3
relationships are:

Cl=D1+H
C2=D2-H
C3=D3+H

If the subject controls C3 in rela-
tion to a reference position of 0 (ie:
midscreen), and does so perfectly,
then 0 = D3+H, or H=—D3. The
handle position should be an accurate
mirror image of the magnitude of the
disturbance D3 at every moment, and
the cursor C3 does not move at all.
You will find that all subjects, after a
little practice, will closely approx-
imate these predictions.

This may seem elementary, ob-
vious, boring and hardly worth the
labor of getting the experiment up
and running. Do not be deceived; this
experiment appears to be simple
because it is fundamental. It is fun-
damental because it can prove that all
of the life sciences have been using the
wrong model. There are also several
extensions of the experiment that will
show how to get started mapping the
whole hierarchy of human control
systems. There is no theory and no
simulation that carries the impact of
seeing how a real living control
system works; especially when you
can understand every detail of whal is
happening, either as subject or
observer, The 3 previous articles in
this series have been designed to give
the ability to grasp what is happening
here. This experiment is designed to
give the gut feeling of knowing,

Program Structure
The program in listing 5 is written
in North Star BASIC, Version 6,
Release 3. It contains a machine-
language subroutine for an 8080/Z80
Text continued on page 102

Figure, table, and listing numbering continued
from part 3.

Listing 5: North Star BASIC control-variable simulation. The necessary assembly language routines needed for execution are also

DIM HS(16),018(250) ,02%5(250),03%$(250) ,H1$(250) ,8$(82) ,5%$(82)

given.

20
30
40
50
60
70
80
90

DIM AS(2)

INPUT
REM
REM
REM
DEF FNB(AS)

H$="0123456789ABCDEF"

"SEED FOR RANDOM GENERATOR (1 -
Kkkdkhdkdkkhddkdokdhdkdkdkkhdhkkokkkdkkkokk

CONVERT 2 HEY DIGITS TO DPcCINAL
Rk khkhkdkkhhkdkhkhkkhkkhkdkkkhkkkddkkik

100)

",A\ Z=RND(A/100)

U=ASCC(A$(1,1))\IF U<58 THEN U=U-48 ELSE U=U=-55

100 V=ASC(A$(2,2))\IF V<58 THEN V=V-48 ELSE V=V=-55

110 RETURN 16*U+V
120 FNEND

98 Seplember 1979 &€ BYTE Publications Inc



130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
39N
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690

REM
REM
REM

¥k Je e ok ok de vk de I e K de sk ke ok e ke e ok ke e e o e o e g o ok ke ke

SET MACHIME-LANGUAGE PROGRAM ORIGIN
ddkkkkhkkhhkdkokhhhhkdkdkkdhhhhdkhkdkkhkkkkk

INPUT "MOST SIG. BYTE, SUBROUTINE LOCATION: ",SS
Gosus 1130

!"6 SEC TO LOAD SUBROUTINE"

M1=256*A0\ M2=M1+9

DATA '0200000000000000004BDB19071F1F473A0800NFENNDC21CO00782F"
DATA "3C477881E63F4F2A00003A08003C3CFEN6DA2FNOAF"
DATA "320800856F5E23563EAN127BESGCOBISF3EAA12722B73DB19EESD"”
DATA "6F2600C9"

M=M1

READ B3S\FOR J=1 TO LEN(B$)-1 STEP 2\ A=FNB(BS(J,J+1))
FILL M, A\ M=M+1\NEXT J\ IF A<>201 THEN 250

REM % % % % % d % e s dr ko ok e o ok ko ok o

REM INSERT RELOCATION BYTES

REM dddekdkk ke dokkokkdohkodkkok ki

FILL M1+1,A0\ FILL M1+FNB("12'"),AD

FILL M1+FNB("17") A0\ FILL M1+FNB("23") A0

FILL M1+4FNB("2D") ,AD

FILL M1+FNB("26") ,AD\N FILL MI+FNB("31") ,AD

REM % % % % Jr e K %k o ok K e de s ok o o o e e ek

REM SET LOCATIONS FOR DISPLAY

REM hkhkhkdhhkkhkkhhkhkhkhhkhkhhkhhhk

INPUT "MOST SIG. BYTE, DISPLAY LOCATION: " ,S3
Gosus 1130

FILL M1+2,FNB("CO")\ FILL M1+3,A0\ FILL M1+5_,A0+2
FILL M1+6,FNBC"40")\ FILL M147,A0+3

REM dkkdkkkhkkhkdkhkdhhkhrhkhhkhhkkh

REM LOAD DISTURBPANCE TABLES

REM kkkkhhkhkhhkkhkhkkkkkhhhkhkkkd

W=3%3,1415927/250\R0O=RND (0)\R1=32#*R2=R1

PATNTATANN CONE MINUTE TO LOAD DISTURBAMCE TABLES]"
'\N!'"THE SCREEN WILL CLEAR AND THREE SCALES WILL APPEAR."
'\!"THEN THREE CURSORS WILL APPEAR, ONE FOR EACH SCALE."
'\N!'\PICK ONE CURSOR AND TRY TO HOLD IT IN ONE POSITION"
'\!"FOR THE DURATION OF THE RUN, AS EXACTLY AS YOU CAN."

LA

CLSTAND BY FOR PROMPTI"

M1=32\ N2=31\ N3=25\ N&=64\ N5=10
FOR J=1 TO 250
D1SC(J,J)=CHRS(NT+N2*SIN(W*xJ))
D3%(J,J)=CHRS (64-ARS(J=125)/2)

NEXT

J
CLOADING RANDOM DISTURBAMCE: STAND BYI"

N3=25\FOR J=1 TO 250

IF J-

N3*INT(J/N3)=0 THEN RO=N4*RND(0)

R1=R1+(R0-R1)/N5\ R2=R2+(R1=-R2)/N5\ D2%(J,J)=CHRS(R2)

HEXT

J

INPUT"READY TO GO: HIT RETURN TO PROCEED. " ,A$
FOR J=1 TO 16\!\NEXT

REM
REM
REM

I % e F ok d g g ek ok ook g ko

EXPERIMENTAL RUN
e dek de ok dd de ko ok ok dek e ke

INTNINGOSUB 680NV!\NINVINIAGOSUE 680VIANINININGOSUP 680\!\!

GOTO

690

FOR I=1 TO B\!"TTTTTTT+" ,\MEXT I\ RETURN

FILL

M1+8,4\ REM SYNCH CURSOR COUMTER

Listing 5 continued on next page
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700 M1=8\N2=127\N3=128\ FOR J=1 T0 250

710 FOR L=1 T0O 4

720 OUT 25,N2\ OUT 26,N3

730 H=CALL(M2,ASC(D1$(J,J)))

740 H=CALL(M2,ASC(DP235(J,J)))

750 H=CALL(M2,ASC(D3$(J,J)))

760 MEXT L

770 H1$(J,J)=CHRS (H)

780 NEXT J

790 REM % Jc e e de g do % ok v J ke de o o K g ok ok Kok

800 REM DATA PLOTTING PROGRAM

810 REM Ahkhkkhkhkhkhhkhkhkhhhkhkhhdkkk

820 GosuUB 1050\ IF YO<1 THEN 560

830 !"AFTER PLOT, HIT RETURN TO CONTINUE"™

840 INPUT"WHICH CURSOR (1,2,3)? ",I

850 IF I=0 THEN 560

860 FOR W=1 TO 250 STEP INT(250/(Y0+1))

870 H=(ASC(H1S (W, W))-128)*X0/128

880 ON I GOTO 890,900,910

890 V=ASC(DT1S (W, W))-32\ GOTO 920

900 V=ASC(D2F(W,W))=32\ H=-H\ GOTO 920

910 V=ASC(D3S(W,W))=-32

920 V=VxX0/64+1

930 C=V+H+Z0O\ IF C<1 THEN C=1\ IF C>X0 THEMN C=X0
940 v=V+ZONIF V<1 THEN V=1\ IF V>X0 THEN Vv=X0
950 H=H+ZO\ IF H<1 THEN H=1\ IF H>X0D THEN H=XO0
960 B$=5$\BS$(20,20)="_"

970 !#TO,\BSCV,VI="D"\ BS(H, H)="H"\ BS$(C, C)="¢C"
980 U=0\ IF v>U THEN U=V\IF H>U THEM U=H\IF C>U THEN U=C
990 IF Z0>U THEN U=Z0\B$=BS(1,U)\ '#TO0,PS,

1000 NEXT W

1010 INPUT1"" _,AS\ GOTO 820
1020 REM kkdkdhhkhkhhhhkhkhkhhhhhhhhkkhkhhkhdkkhki
1030 REM SET UP FOR PLOTTIMG (SUFPROUTINE)
1040 REM ode g ok e de ko kK ok K K ke sk kv e ok ok ok e ok e sk e e ok ok ok o
1050 !\NINPUT "Y-DIMENSION OF PLOT (0 = NEW RUM): ",YD\ YD=Y0-2
1060 IF Y0<1 THEN RETURN
1070 INPUT "X=-DIMENSIOMN OF PLOT (1-72): ",Xﬂ
1080 IF X0>72 THEN 1070\ IF X0<1 THEN 1070\X0=X0-2
1090 INPUT "OUTPUT DEVICE (T OR S)Y",AS
1100 IF A$="T" THEN TO0=2 ELSE T0=0
1110 SS=""\FOR I=1 TO XO\S$=S$+" "\ NEXT I
1120 Z0=INT(X0/2)\ RETURN

1130 REM hhdhkhhkhkkhkdrhkhhhhhkhhkhhkhkhkhkkhhhhhhkk
1140 REN CONVERT HEX IN S$ TO DECIMAL IM AO
1150 REM % o Je e Je de J J d e dd dk g gk ok ok ke ko ke ok ok ek ok ok ke

1160 AO=0\K=1\FOR J=1 TO LEN(S$)=1\K=K*16\NEXT J\K=INT(K+.01)
1170 FOR I = 1 TO LEHN(SS)

1180 FOR J=1 TO 16

1190 IF S$(I,I)=H$(J,J) THEN EXIT 1220

1200 NEXT J

1210 !'"NOT HEX NUMBER"\ EXIT 160

1220 AD = AO + Kx(J=1)\ K=K/16

1230 NEXT 1

1240 RETURN

1250 REM ddeddhkhhhkhkhkhhdkhhkdhkhkkikhkkhkkkdkkikk
1260 REM UTILITY, CONVERT HEX TO DECIMAL
1270 REM UP TO TEN HEXADECIKAL DIGITS
1280 REM po "RUN 1300"
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1290 REM
1300 DIM H3C(16)\H$="0123456789ABCDEF"\!
1310 INPUTI"HEX= " ,SS\GOSUB 1160\!"

FThhkkhkhhkhkdhkhhkhkhhkkkhkdkhkdkdkhkdkkx

DECIMNAL= " ,A0NGOTO 1310

001
002
003
004
005
006
oov
008
009
010
011
012
013
014
015
016
017
018
019
G20
021
022
023
024
025
026
027
028
029
030
031
032
033
034
035
036
037
038
039
040
041
042
043
044
045
046
047
048
049
050
051
052
053

0000
0002
0004
0006
0008
ano9
000A
nooc
000F
0010
0013
0015
0018
0019
001A
0018
go1¢c
001D
OD1E
0020
0021
0024
0027
0028
0029
0o02s
002E
002F
0032
0033
0034
0035
0036
0037
0039
003A
0038
003D
003E
003F
0041
0042
0043
0044
0045
0047
0049
004A
004cC

0200
0000
0000
0000
00

4B
pB19
071F1F
47
340800
FED2
€21¢00
78

2F

3¢

47

78

81
E63F
4F
2A0000
3A0800
3c

3¢
FE06
DA2FOO
AF
320800
85

6F

SE

23

56
3EAD
12

78
E6CO
B1

5F
3SEAA
12

72

2B

73
DB19
EE8O
6F
2600
c9

ADRO
ADR1
ADRZ
ADR3
COUNT
START

$1

s2

MACHINE LANGUAGE SUPPORT ROUTINES

ORG

DBL
DBL
DEL
DBL
DATA
MOV
IN
ARS
MOV
LDA
CPI
JNE
MOV
CMA
INR
MoV
MOV
ADD
ANI
MoV
LHLD
LDA
INR
INR
CPI
JLS
ZAR
STA
ADD
MOV
MOV
INX
Mov
MVI
STAX
MOV
ANI
ORA
MOV
MVI
STAX
MOV
DCX
MoV
IN
XRI
MoV
MVI
RET

COUNT

“ %
e =%
-
o

[ DY N
om

ITMeee BT T ROPMO 2OoPOXTMmMEI
" v OO WS ~ LY
o 0O m o e I

p—J

-

GET HANDLE

DIVIDE BY TWO

SAVE IN B

CHECK FOR MIPDLE ONE

IF MIDDLE OME NEXT,
MAKE HAMDLE NEG,
(Two's conpL,)

X=X+HANDLE
LIMIT TO 63
SAVE X IN C
GET BASE ADDRESS
GET DISPLACEMENT

BUMP TWICE

CHECK MODULO 6

MAKE ADDRESS FOR
CURRENT CURSOR,

DE=0LD SCREEN ADR.
LOAD A SPACE
ERASE OLD CURSOR

ZERO DISPLACEMENT
NEW DISPLACEMENT
POINTER FIXED

LOAD ASTERISK CURSOR
PUT IT Ot SCREEN
SAVE CURSOR

ADDRESS

GET HANDLE AGAIN
RANGE 0-255
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HIMEM: 8192
DIM D1% (250),D2 % (250),D3 % (250),H1 % (250)
INPUT "'SEED (0-100): ™A
Z = RND (A / 100}
REM LOAD DISTURBANCE TABLES
W = 3. 3.141592654 / 250
RO = RND (0}R1 = R2 = 140
PRINT : PRINT : PRINT : PRINT : PRINT : PRINT : PRINT : PRINT
PRINT : PRINT : PRINT ""LOADING DISTURBANCE TABLES"

PRINT
PRINT “"WHEN SCREEN CLEARS, BACKROUND WILL"

PRINT
PRINT "APPEAR — THEN THREE CURSORS."”
PRINT
Pmm “PICK ONE CURSOR AND HOLD IT IN"
PRI
PRINT “ONE POSITION FOR THE DURATION OF "
PRINT
Panq “RUN, AS ACCURATELY AS YOU CAN"
PRIN
PRINT “STAND BY FOR PROMPT MESSAGE"
FORJ = 1 TO 250
D1%(J) = 140 + 130 « SIN (W + J)
D3%(J) = (125 - ABS (J - 125)) « 270/ 125
NEXT J
PRINT
PRINT “"RANDOM DISTURBANCE LOADING: STAND BYE."
N3 = 25:R1 = 140:R2 = 140
FORJ = 1 TO 250

N3 = N3-1:1F N3 > 0 THEN 210
N3 = 25:R0 = 280 « RND (5}
R1 = R1 + (RO-R1)/05:R2 = R2 + (R1-R2)/5

D2%(J) = R2

NEXT J

PEINT 1 INPUT “HIT RETURN FOR RUN'";,A$
HGR

HCOLOR= 3

POKE 49234, 0

FOR X = 1 TO 280 STEP 10

FOR Y = 43 to 143 STEP 50

HPLOT X,Y: HPLOT XY + 14

NEXT Y: NEXT X

FORJ = 1 TO 250

FORK = 1TO 4
H = PDL(0)- 128

HCOLOR = 0: HPLOT C1%, 45 TO C1%,55: HCOLOR= 3
Cl% = D1%{J)) + H

IFC1% < OTHENC1% = 0

IFC1% > 279 THEN C1% = 279

HPLOT C1%,45 TO C1%,55

HCOLOR = 0: HPLOT C2%,95 TO C2%,105: HCOLOR= 3
C2% = D2%(J)- H

IFC2% < OTHENC2% = 0O

IF C2% > 279 THEN C2% = 279

HPLOT C2% ,95 TO C2%,105

HCCLOR = 0: HPLOT C3%,145 TO C33%,155: HCOLOR= 3
C3% = D3%(Jy + H

IFC3% < OTHENC®% =0

IF C3% > 279 THEN C3% = 279

HPLOT C3%,145 TO C3%,155

NEXT K
H1%{J) = H

NEXT J

HGR

POKE 49234, 0

FORJ = 1 TO 250

Y = 191-J . 191/ 250

U = 88/280

H = INT (H1%{J) « U)

D1 = INT ((D1%(J) - 140) « U + 45)

D2 = INT ({(D2%{J) - 140) . U + 135)

D3 = INT (D3%(J) - 140) . U + 225)

Cl = D1 + HC2 = D2-H:C3 = D3 + H

IFC1 < 0OTHENCY = 0

IFC3 > 278 THEN C3 = 278
HCOLOR = 1

HPLOT D1,Y: HPLOT D2,Y: HPLOT D3.Y
HCOLOR= 2

HPLOT C1,Y: HPLOT C2,Y: HPLOT C3,Y
HCOLOR= 3

HPLOT H + 45Y. HPLOT - H + 135,Y: HPLOT H +225,Y
NEXT J

INPUT "*";A$

TEXT

GOTO 180
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Listing 6: A computer such as the Apple 11
which has high-resolution graphics capa-
bilities greatly simplifies the program
originally given in listing 5. This program
performs the same operations as the simu-
lation in listing 5. The author acknow-
ledges the assistance of Charles Faso from
Computerland of Niles IL in preparing
this program.

Text continued from page 98:

processor which is loaded by the
BASIC program at any specified
256-byte memory-address boundary
(specify in hexadecimal only the
most significant byte of the location
of the subroutine).

The machine-language subroutine
reads in the handle position, adds it
with the appropriate sign to the value
of a disturbance that is passed to the
subroutine by the CALL command
(in the DE register pair), erases the
old cursor, and deposits the new cur-
sor, a rubout, on the screen. Each
time the subroutine is called it steps to
the next cursor, recycling as
necessary. On return from the
subroutine, the handle position is
passed back to the main program (in
the HL registers). The machine-
language program is in lines 200 thru
230, expressed as a string of hex-
adecimal bytes with no punctuation,
Thus if your machine is not an
8080/Z80 type, a program can be
assembled, the listing copied into
these lines, and possibly this program
can be made to work with little other
modification.

The program asks for the most
significant byte of the place where the
machine-language subroutine is
stored. The loader adjusts memory
references by inserting the value of
this byte in memory wherever
necessary, after the program is loaded
{lines 300 thru 330).

The display area consists of 1 K
bytes of memory starting on any
256-byte boundary. Lines 370 thru
400 ask for the starting location of the
memory area devoted to the display,
and set up base registers in the
machine-language program for the
left margin of each cursor's move-
ment. The FILL command is like
POKE. If the computer has graphics
capability built-in, everything from
line 60 thru 400, and the plotting
subroutine (later}, can be accomplish-~
ed in a simpler way.

Disturbance tables are set up in
lines 510 thru 620, The unnecessary
use of symbols, instead of constants,
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variable; you do not even have to
know where the supposed control
system is. All you have to do is to
pick out something that you know is
variable and “push” on it.

By push I mean to apply a distur-
bance that under normal cir-
cumstances should have a predictable
direction and amount of effect on the
variable. If I push hard enough on a
life-sized statue, it should tilt in the
direction of the push. Perhaps it will
topple in that direction according to
the simple laws of mechanics.

Having selected a variable and ap-
plied a push to it, the next step is to
measure the actual effect of the push.
1 predict that pushing on this statue
should make it tilt a certain amount
in a certain direction. | apply the push
and observe the tilt.

If the actual effect is far smaller
than the predicted effect, common
sense indicates that something must
be pushing back, If the pushing-back
is always just enough to cancel any
amount or direction of disturbance
{within some limits), it can be con-
cluded that the pushing-back is
systematic. The mirror-image effect
that has been observed is what is
wanted.

It is necessary to discover what is
pushing back, and how it is doing the
pushing. Perhaps, examining the
statue carefully, an iron rod is found
supporting its back from its base. In
that case, a conclusion is made that
there were not enough facts to make a
correct prediction of the effects of the
push; the bending moment of the rod
should have been taken into account.
But if no simple explanation for the
failure of the prediction is found, one
must look further,

Suppose it is discovered that the
base of the statue seems to move
when pushed. If there is a push to the
east, the base tilts to the west moving
the center of support east of the
center of gravity of the statue, and
thus creating a counterforce. Suppose
this tilt of the base is found to be
always just what is required to offset
the effects of the push. It can be con-
cluded that one may be on the trail of
a control system.

What has been done is to find out
something about the means of con-
trol, the path by which the output of
the contrel system, if it exists, might
be linked to the controlied variable
(the angle between the statue's
longitudinal centerline and the ver-
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tical), Finding this link is a necessary
step in the test.

That step will usually lead to
discovering the physical control
system, Tracing the wires that work
the motors that tilt the base of the
statue, you find a black box a few
yards away from the statue. That
may be the control system, or at least
all of it that is not its actuators (which
have been found).

There is still one step to be taken.
You cannot be completely sure of the
nature of the control system until you
discover the variable it is really
sensing. The situation has been
approached with human prejudices;
to me, it seems that the controlled
variable is the orientation of the
statue, a geometric or visual variable.
Perhaps that variable is only related
to the real controlled variable. What
must be found now are the sensors
that the control system is using.

Thinking in visual terms, you
might look for a photocell that
detects the tilt. Suppose a photocell is
found on a stand near the statue. The
test calls for breaking this link,
preventing the sensing of the statue.
The result should be that the effect of
the push returns to what would be
predicted from mechanical laws. So
the photocell is covered and the
disturbances are applied again, What
happens is that the floodlights il-
luminating the statue turn on. The
statue still resists the push—the
photocell was for something else.

By careful searching 4 strain gauges
built into the base of the statue are
discovered. These provide a signal
showing where the center of thrust is,
and the wires from the strain gauges
run over to that black box. Discon-
necting the wires shows that now the
push succeeds in tilting the statue. As
soon as its tilt becomes marked, an
angry groundskeeper comes leaping
out of the bushes and arrests the ex-
perimenter. Aha! You may have
discovered another control system
controlling the state of the statue.

To recapitulate, the test for the
controlled variable involves the
following steps:

1. Define a variable.

2. Apply various amounts and
directions of disturbances
directly to the variable.

3. Predict the expected effects of
the disturbances, assuming no
control system is acting.

4. Measure the actual effect of the
disturbances.

5. If the actual effect is essentially
the same as the predicted effect,
stop. No control system is
found.

6. If the actual effect is markedly
smaller than the predicted
effect, look for the cause of the
opposition to the disturbance,
and determine that it results
from systematic variations in
some other variable. If such a
cause is found, it may be
associated with the output of a
control system.

7. Look for a means of sensing the
controlled variable. If none is
found, stop: no control system
is proven to exist.

8. If a means of sensing is found,
block it, so the variable cannot
be sensed. If control is not lost,
the sensor is not the right one. If
no such sensor is found, stop:
no control system is proven to
exist.

9. If all steps of the test are passed,
the wvariable is a controlled
variable, its state is its reference
level, and the control system
has been identified.

To apply step 8 of the test to our
computer experiment, cover the cur-
sor suspected of being controlled with
a cardboard strip. Control should be
lost. Cover each cursor. The covered
one will never pass the test. The other
steps are easily carried out.

Concluding Remarks

Now it is up to you. You can test
controlled variables involving inten-
sity, sensation, configuration,
change, sequence, relationship,
strategy, principle, and system con-
cepts having to do with wvisual,
auditory, tactile, kinesthetic, and
other senses.

Good luck with the programs, and
good hunting for controlled
variables. 1 will be interested to
receive word about what people are
doing with the information covered
in these articles.m
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the signals STROBE and STROBE ,
which will be used as sense input lines
to the 8-bit interface port,

The last 2 sections of the Schmitt
trigger are configured as a delayed
power-up signal that holds the
CLEAR input pin of the latch at

ground until the power
voltage has stabilized.

The DS1 and MD pins of the 8212
are grounded and the DS2 pin is pin-
ned to the supply voltage, thus plac-
ing the 8212 into the strobed latch
mode of operation. In this way the 8

supply

P9

299094

DIRECTION OF PULL

Figure 1: Phototransistors in the paper-tape reader. Note the placement of cell between
bits 3 and 4. The active element is reversed in orientation.

DATA PULSE

STROBE PULSE

STROBE PULSE
AFTER CONDITIONING

Figure 2: The strobe pulse is centered in the active signal from the data holes.

UP: IN port#
RAL
JNC UP

IN port #
RAL

JC DOWN
IN  port#
RETURN

DOWN:

READ:

Listing 1: Simple 8080 assembly language program for inputting the data from the

paper-tape reader.
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. READ INPUT PORT

P SHIFT 1 BIT LEFT

; JUMP TO UP IF CARRY BIT NOT SET
; READ INPUT PORT AGAIN

: SHIFT 1 BIT LEFT

; JUMP TO DOWN IF CARRY BIT SET
i READ INPUT PORT DATA BYTE

1 WITH 7 BITS OF DATA IN REG A

bits of data available to the input pins
DI-0 thru DI-7 are latched through to
the output pins DO-0 thru DO-7 by
each positive pulse at the STROBE
pin.

Since most paper-tape programs
used with today’s microprocessors
use only 7 bits of the 8-bit ASCII code
(bit 8 being vertical parity), it is con-
venient to use this 8th bit as the
strobe sense line. When connecting
the output pins of the latch to the pro-
cessor input port, simply select strobe
signal STROBE or STROBE and con-
nect it to the pin corresponding to bit
8.

The software required to read in
such data is shown in listing 1, where
bit 8 is the STROBE sense line. When
bit 8 goes through a low to high to
low cycle, the data at the input port is
valid.

If 8 bits of tape data are required, it
is necessary to connect the strobe
sense line to either another input port
pin or to some other monitor line,
such as an interrupt or serial input
line, which can be tested under soft-
ware control.

Mechanically, 1 used a piece of
0.100 inch (0.025 cm) aluminum sheet
bent into a U-shape, with an inside,
bottom width dimension of 1 inch
(2.54 cm). I used a small piece of clear
Plexiglas as a hold-down device for
the tape as it passed over the reader
photocells. Further improvements
can be added, such as a motor-
driven, pinch-roller pull-through, but
I have had no problems when pulling
the tape through by hand. As a mat-
ter of fact, I can stop pulling at any
time, since the strobe pulse is speed
insensitive. I plan to eventually add a
hand crank and a take-up reel to
avoid the great piles of tape that end
up on the floor after loading some of
my larger programs.

To generate the required illumina-
tion, I used an automotive lamp (type
211) mounted 3 inches (7.5 cm) above
the photocells. Running the lamp on
5 V provides a good, uniform source
of light, although it draws about 1 A
of current.

This entire project took only 3
evenings to design and construct, and
the $15 price tag was a bonus. If you
are still limited to 10 characters per
second with your Teletype reader,
you should seriously consider this
high-speed paper-tape reader.®
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Figure 3: Schematic diagram of the paper-tape reader, which is capable of 400 characters per second.
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WE ARE KNOWN FOR OUR PROMPT,

COURTEOUS SERVICE
TELETYPE MODEL 43
W 4320 AAMA(TTLIntertace) ..................... $985
B 4320 AAK (RS232interface) .. ..............., $1,085
with transformer to operate on 50Hz, 220v, instailed
inside cabinet . . ........................ add $50

We stock paper and ribbon for the Teletype Model 43

DECLA34 ........... ... ... ........ A $1,259

KSR dot matrix printer. Provides variable line and charac-
ter spacing and variable width paper.

HAZELTINE 1500 (assembledonly} . ............. .$1$ggg
wnth 5'o'H'z' 220 current adaptation ....... .. ... $100
also avatlable with Danish, German or French character
BB L . e e add $60

INTERTUBESUPERBRAIN ............. ... $2,885

Dual 280, dual floppy, double density, 64K RAM, 4Mhz.,
CP/M, FORTRAN, COBOL, BASIC, Assembler Language.
Contained in Intertube |1

INTERTUBENl ........................oo.... $800

MARINCHIP SYSTEMS

M9900-CPU-S-100 COMPATIBLE.
Network operating system, PASCAL, Extended precision
commercial BASIC, FORTH, META & applications pack-
age. Complete kit and DISCEX software $550; Assembled
$700. We configure systems to meet your budget & your
needs. Hard Disk interface (with software) available.

IMS MEMORY, 16K Fully static,250ns ...... $346
TEl S-100 Mainframes
12slot —MCS112 ... ... $433

228lot —MCS 122 . .. ... .. $609
These mainframes are completely assembied, tested and
contain everything required for plug-in operation.

TARBELL FIoH;py Disk Controller............ $255

Other Tarbell products available.

KONAN HARD DISK CONTROLLER ....... $1,550
5-100 compatible, plugs into 5-100 mainframe. Controls
1-4 disk drives.

FUJITSUHARDDISK ... ... .. ... .......... $5,700
50 megabytes of unformatted data in a single, removable
cartridge.

IMS 5000 SERIES,

COMPLETEZBOSYSTEM .................. $2,170

21O ports, 1 K EPROM bootstrap loader, double density,
dual 5% " disks, S-100, 12 slot mainframe. A new rising
star! No waiting.

PER SCI FLOPPY DISK DRIVES

209DUALDISK,2Sided .................... $1,495
277 DUAL DISK SingleSided ................ $1,210
1170 CONTROLLER Si ngIe/DoubIe Density ..... $1,015
2142 CABINET & POWER SUPPLY for277........ $300
2149 CABINET & POWER SUPPLY for289 . ....... $390
MODEM: “THE CAT” from Novation ... . ... $190

Originate/Answer. 300 baud.

TO ORDER: We ship within 24 hours after receipt of certified
check, money order or cashiers check. Credit cards: add
4%. Personal checks: allow ten days. $12 shipping for ter-
minals. $3 tor memories and modem. New York residents
include sales tax. Prices and availability subject to
change without notice.

We have no reader inquiry number. Please cali or write.

sonn 0. QWENS ASSOCGIATES .

12 SCHUBERT STREET
STATEN ISLAND, NEW YORK 10305

DAY, EVENING, WEEKEND, HOLIDAY CALLS WELCOME!
(212) 448-6283 (212) 448-6298
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displays, relay drivers, syn-
chromotors and printers. Finally,
there are sections on universal asyn-
chronous receiver-transmitters
(UARTS), line drivers, the HPIB-IEEE
488 bus and self-test hardware.

Chapter 6 describes the various op-
tions that exist in hardware and soft-
ware development packages from
prototyping boards to disk-based
operating systems. There is also a
brief discussion of high-level
languages for microcomputers.

Chapter 7 describes in detail the
algorithms for solutions to several
common microcomputer software
problems. Algorithms are described
to read and to parse a functional
keyboard input, self-test routines and
number system conversion and
manipulations. Real-time program-
ming constraints are also considered.

The set of appendices describes the
characteristics of specific microcom-
puters, Each appendix covers the ar-
chitecture and organization of a par-
ticular processor integrated circuit.
The rest of the integrated circuit set
(memory, input/output, etc) is also
briefly covered. Appendices are in-
cluded on the 4004, F8, 8080, 6800,
COSMAC, and PPS-8 processors, It
is refreshing to see that these appen-
dices are more than just a reprinting
of the manufacturer’s specification
sheets,

On the negative side, there is a
disturbing absence of discussion of
any of the high-performance in-
tegrated circuits that were certainly
available when this book was
written, There is also inadequate
treatment given to bit-slice and
microprogramming techniques. Soft-
ware development by emulation is
also omitted. The balance is,
however, overwhelmingly positive.
This is a text which starts off quietly,
never grows dull, and yet contains a
great deal of substance. There are sec-
tions on using esoteric devices like
first in, first out stacks (FIFOs) that 1
have previously never seen in a
design text.

It is a welcome development. I
recommend this book to advanced
experimenters, undergraduate
engineering students and practicing
engineers. il

Ira Rampil

2217 Cypress Way
Apt 15

Madison WI 53717















Text continned from page 126:

The matrix procedure, with correction for appropriate
holidays, can be used in conjunction with stock market
studies when knowledge of the market day interval is
desired, or when determining if a particular date is a
market trading day.

Listing 1: BASIC program for determining the day of the week
from the date using Zeller's congruence.

0010 PRINT “ZELLER'S CONGRUENCE-DAY OF WEEK
FROM DATE."

0g20 PRINT ""WHAT IS THE DATE-MONTH. DAY, YEAR?"

Q030 INPUT MDY

0035 LETY1=Y

0037 LET M1 =M

0040 IF (M=1) OR (M=2) THEN 60

0050 GOTO 105

0060 IF M=1THEN 90

0070 LETM=12

0080 GOTO 100

0090 LET M=11

100 LET ¥=Y-1

0102 GOTO 110

0105 LET M=M-2

0110 LET D1 =INT(2.6+M-.2) + D + (Y-1900) + INT{(Y-1300)/4)

0115 LET D1=D14+ INT(19/4)-2.19

0120 LET D1 =D1-INT(D17} 7 +1

0125 PRINT “D1=""D1

0130 ON D1 GOTO 140, 150, 180, 170, 180, 190, 200

0140 LET A13 = "SUNDAY"

0145 GOTO 210

0150 LET A1§ = "MONDAY"

0155 GOTO 210

0160 LET A1$ = "TUESDAY"

0165 GOTO 210

0170 LET A1$ = “"WEDNESDAY"

0175 GOTO 210

0180 LET A1$ = "THURSDAY"'

0185 GOTO 210

0180 LET A1$ ="FRIDAY"

0185 GOTO 210

0200 LET A18 = “SATURDAY"

0210 PRINT “FOR M1, D" Y1, IT IS "A1$

0220 PRINT

0230 END

Listing 2: BASIC program for using a matrix to determine the
elapsed time behween 2 dates,

0010 PDTTNETS':MATRIX DETERMINATION OF DAYS BETWEEN

0020 PRINT **PROGRAMMED APRIL 15, 1979:W. B.
AGOCS."

0030 DIM A(12,31)

0040 DCL S(A()

0050 MAT A= CON

0080 PRINT ""WHAT 1S THE FIRST MONTH, DATE, YEAR?;
EXPRESS NUMERICALLY AS 11, 15, 1978."

0070 INPUT M7, D1, Y1

0080 PRINT “WHAT S THE NEXT MONTH, DATE, YEAR?"

0090 INPUT M2, D2, Y2

0100 IF Y2-Y1=0 THEN 120

0110 GOTO 220

0120 IF Y1/4-INT(Y1/4) = 0 THEN 150

0130 GOSUB 450

0140 GOTO 160

0150 GOSUB 440

0160 LET S1=A(M1, D1)

0170 LET S2 = A(M2, D2)

0180 LET S3 = 52-51

0190 PRINT “INTERVAL BETWEEN ":M1:"/":D1:"1";¥1;

0195 PRINT " AND ":M2;"/" D2,/ Y2, IS ]

0200 PRINT S3;" DAYS."

0210 GOTO 580

0220 LET S=0

0230 FOR |=Y1+1 TO Y2-1 STEP 1

0240 IF I4-INT(1/4) = 0 THEN 270

0250 LET S=5 + 365

0260 GOTO 280

0270 LET S=5+ 366

0280 NEXT |

0290 IF Y14-INT(Y1/4) =0 THEN 320

0300 GOSUB 450

0310 GOTO 350

0320 GOSuUB 440

0330 LET §1 = 366-A(M1,D1)

0340 GOTO 360

0350 LET 51 =365-A(M1,D1)

0360 IF Y2/4-INT(Y2/4) = G THEN 390

0370 GOSUB 450

0380 GQOTO 400

0390 GOSUB 440

0400 LET 82 = A(M2,D2)

0410 LET S3=5+S1+82

0420 GOTO 190

0430 REM SUB-ROUTINE

0440 LET A(2,29)=0

0450 LET A(2,30)=A(2,31)=A(4,31) = A(6,31) = A{9,31)
=A(11,31)=0

0460 LETN=0

0470 FOR1=1TO 12 STEP 1

0480 FOR J=1TO 31 STEP 1

0490 IF A(l,J)=1 THEN 510

0500 GOTO 530

0510 LETN=N+1

0520 LET A(LJ)=N

0530 NEXT J

0540 NEXT |

0550 RETURN

0560 PRINT

0570 PRINT

0580 PRINT “THE END.""

0590 END m

A Text Loader
Routine

Howard Berenbon
2681 Peterboro
W Bloomfield MI 48033

Here is a useful program for the Motorola 6800
microcomputer. This subroutine allows the loading of
ASCII text into the desired memory location directly
from your terminal. It uses the Motorola MIKBUG
monitor for character input and output. The subroutine
may be entered beginning at hexadecimal address A060,
To exit the program simply type a %.

Hexadecimal Hexadecimal
Address Code Mnemonic¢ Commaents
A060 86 3F LDAA #% 3F Load A with ?
A062 BD EO 75 JSR CHARQUT Output?
A065 86 20 LDAA #$ 20 Load A with a space
A067 BD EO 75 JSR CHAROUT OQutput space
AD6A CE _ _ LDX #% _ _ Load index register with
desired address
AQ6D BD EO 78 JSR CHARIN Input character
&LOOP
AD70 A7 00 STAA § 00:X  Store A indexed
A072 08 INX Increment index register
A073 81 25 CMPA #% 25 Compare A with %
AD75 26 F6 BNE &LOOP Get another character
AQ77 7E EOQE3 JMP MIKBUG Return to MIKBUG =
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A Model of the Brain
for Robot Control

Part 4: Mechanisms of Choice

The essence of a hierarchy is that
control is top-down. The ultimate
choices are made at the top, and the
goals selected at this level are decom-
posed into action as they filter down

The ideas presented in this article repre-
sent the views of the author and not those
of the Departinent of Commnierce or the
National Bureau of Standards.

James Albus
Project Manager
National Bureau of Standards
United States Dept of Commerce
Washington DC 20234

through the various levels of the
hierarchy. For the purposes of our
discussion, we will define the highest
level H function in the behavior-
generating hierarchy of the human
brain as the will,

For centuries philosophers and
theologians have debated the nature
of the will, particularly the question
of whether humans have “free” will

whether all choice is merely a reflex-
ive or predestined response to the en-
vironment. We shall not presume to
deal with this question here, other
than to suggest what types of inpuls
are available to this highest level goal
selection module.

By definition much of the input to
the highest level behavior-generating
module must come from the highest

(ie: the freedom to choose goals) or level sensory-processing module.
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Figure 1: An action (such as a person talking to a flower) may be recognized as either familiar or unfamiliar. If an action is noted as
familiar, then it can be considered unnoteworthy and will be ignored. If the action is considered deviant, further processing will take

place to determine reactions to the action.
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This is the level at which the overall
result of the entire sensory processing
operation is evaluated as being good
or bad, rewarding or punishing, satis-
fying or frustrating. In humans, this
function is performed by what are
commonly called the emotions, It has
long been recognized that emotions
play a crucial role in the selection of

About the Author

Dr James 5 Albus worked for NASA from
1957 to 1972 designing optical and electronic
sitbsystems for over 15 spacecraft, and for one
year managed the NASA Artificial Intelligence
Program. Since 1973 he has been with the
National Bureau of Standards where he has
received several qwards for his work in
advanced computer control systems for in-
dustrial robots. He has written a survey article
on robot systems for Scientific American
(February 1976) and his Cerebellar Model
Arithmetic Computer won the Industrial
Research Magazine IR-100 Award as one of the
100 most significant new products of 1975. He
is also the author of People’s Capitalism: The
Economics of the Robot Revolution which is
published by New World Books, 4515 Saul Rd,
Kensington MD 20795.

behavior. We tend to practice that
which makes us feel comfortable and
avoid what we dislike. Qur behavior-
generating hierarchy normally seeks
to prolong, intensify, or repeat those
behaviors which give us pleasure or
make us feel happy or contented. We
normally seek Lo terminate, diminish,
or avoid those behavior patterns
which cause us pain, or arouse fear or
disgust.

In the past 25 years it has become
known that the emotions are
generated in localized areas, or com-
puting centers, in the brain. For ex-
ample, the posterior hypothalamus
produces fear, the amygdala gen-
erates anger and rage, the insula com-
putes feelings of contentment, and the
septal regions produce joy and ela-
tion. The perifornical nucleus of the
hypothalamus produces punishing
pain, the septum pleasure, the
anterior hypothalamus sexual
arousal, and the pituitary computes
the body’s response to danger and
stress, These emotional centers, along

The RCA VP-601 keyboard has a 58 key typewriter format for
alphanumeric entry. The VP-611 ($15 additional*) offers the same type-
writer format plus an additional 16 key calculator type keypad.

Both keyboards feature modern flexible membrane key switches with
contact life rated at greater than 5 million operations, plus two key

rollover circuitry.

A finger positioning overlay combined with light positive activation key
pressure gives good operator “feel”, and an on-board tone generator

gives aural key press feedback.

The unitized keyboard surface is spillproof and dustproof. This plus
the high noise immunity of CMOS circuitry makes the VP-601 and VP-611
particularly suited for use in hostile environments.

The keyboards operate from a single 5 volt, DC power supply, and
the buffered output is TTL compatible. For more information contact
RCA VIP Marketing, New Holland Avenue,
Lancaster, PA. Telephone (717) 291-5848.

*Ophional user price. Dealer and OEM prices available.
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with many others, make up a com-
plex of about 53 regions linked
together by 35 major nerve bundles,
This entire network is called the lim-
bic system. Additional functions per-
formed in the limbic system are the
regulation of hunger and thirst per-
formed by the medial and lateral
hypothalamus, the control of body
rhythms such as sleep-awake cycles
performed by the pineal gland, and
the production of signals which con-
solidate (ie: make permanent) the
storage of sensory experiences in
memory performed by the hippo-
campus. This last function allows the
brain to be selective in its use of
memory by facilitating the permanent
storage of sensory experiences to
which the emotional evaluators
attach particular significance (eg:
close brushes with death, punishing
experiences, etc).

Input to the limbic system emo-
tional centers consists of highly pro-
cessed sensory-data such as the names
of recognized objects, events, rela-
tionships, and situations, such as the
recognition of success in goal achieve-
ment, the perception of praise or
hostility, or the recognition of
gestures of dominance or submission
transmitted by social peers. These in-
puts are accompanied by such modi-
fier variables as confidence factors
derived from the degree of correlation
between predicted and observed sen-
sory input.

Sensory processing at the level of
the emotions is heavily influenced by
contextual information derived from
internal models and expectations at
many different levels in the proces-
sing hierarchy. If a painful stimulus is
perceived as being associated with a
nonfear producing source, we may
attack the pain causing agent. If,
however, the perceived source of pain
also induces fear, we may flee.

Similarly if an observed event such
as a person talking to a flower is per-
ceived as deviant, then this input to
the emotions, along with other
recognized qualifier variables such as
the person is a) eccentric, b) retarded,
or ¢) dangerously psychotic, will
cause the emotions to output a)
amusement, b) pity, or c¢) Ffear,
respectively. Amusement input to the
behavioral goal selecting module may
lead to laughter, poking fun, or
ridicule. Pity input to the will may












imprinted, during the early years of
development, Certainly many of the
emotional evaluations and behavior
selection rules in the human brain are
culturally determined, derived from
religious teachings defining good and
evil, or from social conventions
defining duty, fairness, etiquette, and
legality. These fundamental rules of
opinion and behavior are instilled in
the young by parents, educators, and
religious and state authorities. They
are reinforced throughout life by peer
group pressure, as well as by church
and civil sanctions.

There are, of course, many persons
who would disagree with both of
these theories. Perhaps the most
widespread opinion (which until
recent years was virtually unchal-
lenged) is that the human will and its
emotional evaluator inputs are non-
mechanistic in nature and therefore
unknowable in some fundamental
sense. Many would even claim that
emotions and will are subject to, or
controlled by, spiritual and super-
natural forces, For example, the doc-
trine of original sin states that the
highest level behavior selecting
mechanism, the human will, is

basically defective because of the
disobedience of Adam and Eve, and
except for divine intervention is
under the power of evil or satanic
forces. The literature surrounding the
age old controversy over free will
versus predestination centers largely
on the role of the Divinity (or the
stars, or fates) in the determination of
human behavior. Most cultures view
the conscience {je: the emotional
evaluator for right and wrong or
good and evil} as a divine gift or
manifestation of the indwelling of the
spirit of God.

Clearly the emotions and will are a
very basic {some would say prim-
itive) and compelling part of our
behavioral mechanism. Carl Sagan
calls them the Dragons of Eden.
Humans are often driven, sometimes
beyond rational justification, to
heroic feats of courage or physical
endurance by the behavior rules of
duty or the emotions of love, pride,
guilt, jealousy, and hate.

Whatever their origins, the G func-
tions of our emotions and the H func-
tions of the will can be modeled.
They are rule based, and the rules
are, for the most part, clearly defin-

ed. In many cases these rules are even
written down as systems of moral
philosophy, ethics, or rules of social
behavior such as Emily Post’s Book of
Ftiquette.

Nothing so complex need be
modeled for the highest level G and H
modules of a robot for many years,
Nevertheless, every robot needs some
sort of highest level evaluator and
goal selector function in order to ex-
hibit any sort of autenomous be-
havior, At what point in the spectrum
of multidimensional sophistication
we choose to dignify an evaluator
function with the term emotion, or
goal selection function with the term
will, is not clear. What is clear is that
simple approximations to the func-
tions computed by the emotions and
the will can be moduled by CMAC G
and H functions operating on input
vectors and computing cutput vec-
tors. The degree of sophistication and
complexity of the modeling is limited
only by the ingenuity and resources
of the modeler.

The interdependency of the pro-
cessing and generating hierarchies
suggests at least 3 distinct modes of
operation.
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Over 30 BASIC commands including:
oo Matrix Read, inverse, Transpose, and Identity.
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MICROCOMPUTER SYSTEMS
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information for building microcomputer
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aspects including microprocessor architecture,
input and ocutput parts, interrupt systems,
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New! DATA COMMUNICATION
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Acting—The Task Execution
Mode

In the task execution mode the
motor-generating hierarchy is com-
mitted to a goal, which it decomposes
into subgoals, sub-subgoals, and
finally into action primitives. In this
mode the sensory-processing hier-
archy is primarily engaged in pro-
viding feedback; first to aid in se-
lecting the goal, then to steer the goal
decomposition process, and finally to
direct the output drive signals to the
muscles (or actuators) so as to follow
a success trajectory.

Consider a simple, everyday goal
such as the fixing of a leaking faucet.
First, the sensory processing system
must recognize the fact that the faucet
is leaking. This information is then
evaluated by the emotions as same-
thing that needs attention. This
evaluation is passed on to the will,
where the rules of what ought to be
done and under what circumstances
reside. If there are no higher priority
items vying for the attention of the
will, then the goal <fix faucet> may
be selected. Once this occurs, the
behavior generating hierarchy will be
committed te decompose this goal
into a sequence of actions.

Al each instant of time t, the
sensory-processing module at each
hierarchical level extracts feedback
vectors F% required by the H
behavior-generating modules at each
level for goal decomposition. At the
instant t, when the goal is selected,
the feedback F? at the various levels
causes the selection of the initial
subgoal decompositon P?. This deter-
mines the initial direction of the tra-
jectories Ta, on their way toward the
goal state. As the task proceeds, the
recognition of subgoal completions
and/or unanticipated obstacles trig-
gers the selection of the proper se-
gquence of actions directed toward the
goal achievement.

The entire set of trajectories
Tpdescribes the sequence of internal
states of the brain which underlie and
give rise to the observable phen-
omena of purposive behavior. These
are the deep structure of behavior,
Only the output trajectory, the ter-
minal or bottom level trajectery, is
manifested as overt action. The ex-
tent to which the trajectories T, are
independent of feedback is the extent
to which behavior is preprogrammed.
The extent to which the feedback
pulls the T, trajectories along predic-

table paths to the goal state is the ex-
tent to which behavior is adaptive.
For some goals, such as hunting for
prey or searching for breeding ter-
ritory, the selection of the goal
merely triggers migratory searching
behavior which continues until feed-
back indicates that the goal is near at
hand. For such goals, behavior is in-
definite and highly feedback depen-
dent, For other goals, such as
building a nest, making a tool,
courting a mate, or defending a
territory, behavior is more inner-
directed, requiring only a few sensory
cues for triggers.

In either case, while in the acting
mode the sensory data flowing in the
sensory-processing hierarchy is
highly dependent on (if not directly
caused by} the action itself. If the
action is speech, the sensory-
processing hierarchy is analysing
what is spoken, and provides feed-
back for control of loudness, pitch,
and modulation. If the action is
physical motion, data from vision,
proprioception, and touch sensors are
all highly action dependent, and the
sensory analysis is primarily directed
toward servo control of the action
itself.

In the action mode, the M;
associative memory modules provide
context in the form of predicted data
to the sensory-processing modules in
order to distinguish between sensory
data caused by motion of the sensors
and that caused by motion of the en-
vironment, What is predicted is
whatever was stored on previous ex-
periences when the same action was
generated under similar circum-
stances, This allows the sensory-
processing hierarchy to anticipate the
sensory input and to detect more
sophisticated patterns in the sensory
data than would otherwise be possi-

ble,

Observing—The Sensory
Analysis Mode

A second mode of operation of the
crosscoupled hierarchy is the analysis
of sensory data from external sources
not primarily caused by action of the
behavior-generating hierarchy. For
example, when listening to a concert,
a speech, or a play, there is little ac-
tion going on in the muscles and
motor neurons. The lower levels of
behavior-generating hierarchies are
quiescent, or set to a constant value,
or given a command to execute an
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SOFTWARE
BREAKTHROUGH!

A true breakthrough in 8080
development software has been
achieved . ..

R-A-I-D

RAID stands for “Real-time In-
teractive Assembler Debug,” but
RAID is much more.

S| M U LATOR * RAID 1s a lrue simulator and real-lime
debug in one! Simulation mode provides TOTAL CONTROL of
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A) RAID without floating point
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C) FPP Floating Point Processor
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ISIS versions also available.
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overlearned task which can be carried
out without any assistance from the
upper levels.

The sensory-processing hierar-
chies, however, are very busy. They
are filtering and predicting, recogniz-
ing patterns and trajectories, locking
on to rhythms and harmonious
periodicities, and tracking targets of
attention. Predictions generated by
the M modules are clearly required
for these types of analyses, whether
or not the organism is engaged in
physical activity. This suggests that
the upper levels of the behavior-
generating hierarchies (which are not
currently required for generating
behavior) might be used instead to
generate hypotheses and subhypo-
theses which in turn produce context
and predictions to aid the sensory-
processing hierarchy in the recogni-
tion, analysis, and understanding of
incoming sensory data.

At each level hypotheses which
generate T, predictions that match or
track the Tg sensory data trajectories
will be confirmed. If the hypothesized
Tk trajectories are only close to the Tg
observations, they can be pulled by
error signal feedback T, from the pro-
cessing hierarchies. When a hypo-
thesis is successful in generating
predictions which match the sensory
data stream, the loop at that level
locks onto the sensory data. When
lock-on is simultaneously achieved at
many different levels, we can say that
the processing-generating hierarchy
“understands” the incoming data (ie:
it can follow and predict it at many
different levels). The depth of
understanding depends upon how
many levels lock onto the sensory
data stream. The accuracy of
understanding depends upon how
precisely the hypotheses track and
predict the incoming sensory data.

It is easier to follow a trajectory
than to reproduce it, When observing
a procedure, the generating hierarchy
merely needs to produce hypotheses
which are in the right vicinity so that
they can be synchronized with the
sensory input. Uncertainties at
branch points in T,, do not matter
greatly because errors are quickly
corrected by comparing Ty, with T,

On the other hand, reproducing a
procedure requires that the H func-
tions be capable of generating Tp, tra-
jectories which are quite precise over
their entire length. They must not
wander outside of the success

envelope or miss any critical branch
points, Needless to say, the latter is a
much more exacting computational
problem, and offers an explanation
for why a student may be able to
follow the reasoning of his professor’s
lecture, but is unable to pass an exam
without additional drill and practice.

Attention

The directing or focusing of atten-
tion is essentially a purposive action
whose goal is to optimize the quality
of the sensory data. The basic
elements of attention are orienting
(positioning the body and sensory
organs so as to facilitate the gathering
of data) and focusing {blocking out
extraneous or peripheral information
so that the sensory processing system
can bring all of its capacities to bear
on data that is relevant to the object
of attention). The orienting element is
simply a behavioral task or goal to
acquire and track a target. The fo-
cusing element is a filtering problem
which can be solved by a hypothesis
or goal decomposition which evokes
the appropriate masks or filter func-
tions from the R, modules so as to
block out all but the relevant sensory
input data,

Thus, attending is a combination of
observing and acting,. It is primarily a
sensory analysis mode activity, with
a stong assist from the task execution
mode.

Imagining—The Free-
Running Mode

A third distinct mode of operation
occurs when the upper levels of the
processing-generating hierarchy are
largely disconnected from both motor
output and sensory input. In this
mode high-level hypotheses Tp, may
be generated, and predicted sensory
data Tk, recalled. In the absence of
sensory input from the external en-
vironment, these recalled trajectories
make up all of the information flow-
ing in the sensory-processing hier-
archy. The processing modules G;
operate exclusively on the internally
recalled R; trajectories producing
Toexperiences and Ty, feedback. The
Ty trajectories act on the generating
hierarchy so as to modify and steer
the Ty, trajectories creating new
hypotheses T,,. The system is free
running, guided only by stored ex-
periences M,, learned interpretations
G, and practiced skills H; for
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Computerland store has the widest selection of
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5 reasons why you should not buy

the electric p

Check the appropriate box({es):
You love typing the same copy 20 thousand times a day.
[ Your secretary can type 250 words per minute.

[J You're dying to spend $15,000 on a word processing system, just for the
tax investment credit.

[ All your capital assets are tied up in a 10-year supply of correction fluid.
(] You never commit a single thought to paper.

If you have checked one or more boxes, you do not need The Electric Pencil.
On the other hand, you may want to join the thousands of people who haven't
checked a single box.

The Electric Pencil 1l is a Charac-
ter Oriented Word Processing System.
This means that text is entered as a
string of continuous characters and is
meanipulated as such. This allows the
user enormous freedom and ease in the
movermnent and handling of text. Since
line endings are never 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 or word
hyphenations is not reguired since
lines of text are formatted automatic-
ally.

As text is typed and the end of a
tine is reached, a partially completed
word is shifted to the beginning of the
following line. Whenever text is insert-
ed or deleted, existing text is pushed
down or pulled up in a wrap around
fashion. Everything appears on the
video display as it occurs, which elim-
inates guesswork. Text may be review-
ed at will by variable speed scrolling
both in the forward and reverse direc-
tions. By using the search or search
and replace functions, any string of
characters may be located and/or re-
placed with any other string of charac-
ters as desired.

Numerous combinations of
line length, page tength, line
spacing and page spacing permit
automatic formatting of any
form, Character spacing, bold
face, multicolumn and bidirec-
tional printing are included in
the Diablo versions. Multiple
columns with right and left justified

margins may be printed in a single pass.

Wide screen video

Versions are available for Imsai
WVi0 video users with the huge 80x24
character screen. These versions put al-
most twice as many characters on the
screen!!l
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CP/M versions

Digital Research’'s CP/M, as well as
its derivatives, including IMDQS and
CDOS, and Helios PTDOS versions are
also available. There are several NEC
Spinwriter print packages. A utility
program that converts The Electric
Pencil to CP/M to Pencil files, called
CONVERT, is only $35.

Features

e CP/M, IMDOS and HELIOS compatible

e Supports four disk drives

* Dynamic print formatting

® DIABLO and NEC printer packages

* Multi-column formatting in one pass
® Print value chaining

® Page-at-a-time scrolling

¢ Bidirectional multispeed scrolling con-
trols

Subsystem with print value scoreboard
Automatic word and record number
tally

Cassette backup for additional storage
Full margin control

End-cf-page control

Non-printing text commenting

Line and paragraph indentation
Centering

Underlining

Bold face

Upgrading policy

Any version of The Electric Pencil

encil 11"

® 1978 Michael Shrayer

Have we got a version
for you?

The Electric Pencil |l operates
with any 8080/Z80 based microcom-
puter that supports a CP/M disk sys-
tem and uses an Imsai V10, Processor
Tech. VDM-1, Polymorpht VTI, Solid
State Music VB-1B or Vector Graphic
video interface. REX versions also
available. Specify when using CP/M
that has been modified for Micropolis
or North Star disk systems as follows:
for North star add suffix A to version
number; for Micropolis add suffix B,
e.g., SS-11A, DV-1IB.

Vers. Video Printer Price
SSHI SOL TTY or similar  $225.
SP-11 VTI TTY or similar 225,
SV VDM TTY orsimilar 225.
SR-11 REX TTY or similar 250,
SI-l VIO TTY or similar 250.
DS-11 SOL Diablo 1610/20 2765.
CP-11  VTI Diablo 1610/20  275.
V-l VDM  Diablo 1610/20 275,
DRIl  REX Diablo 1610/20  300.
- Vi0 Diablo 1610/20  300.
NS-11 SOL NEC Spinwriter 275,
NPl VTI NEC Spinwriter 275,
NVt VDM NEC Spinwriter 275,
NR-11  REX NEC Spinwriter  300.
M- VIO NEC Spinwriter  300.
SSH SOL Helios/TTY 250.
DSH SoL Helios/Diablo 300.

Attention; TRS-80 Users!

1253 Vista Superba Drive
Glendale, CA. 91205

{213} 956-1593

MICHAEL SHRAYER SOFTWARE, INC.

The Electric Pencil has been de-
signed to work with both Level |
(16K system) and Leve! |l mod-
els of the TRS-80, and with vir-
tually any printer you choose.
Two versions, one for use with
cassette, and one for use with

may be upgraded at any time by sim-
ply returning the original disk or cas-
sette and the price difference between
versions, plus $15 to Michael Shrayer
Software, Only the ariginally purchas-
ed cassette or diskette will be accepted
for upgrading under this palicy.

disk, are available on cassette.
The TRS-80 disk version is easily tran-
sferred to disk and is fully interactive
with the READ, WRITE, DIR, and
KILL routines of TRSDOS 2.1.

Version Storage  Price
TRC Cassette $100.
TRD Disk $150,

Demand a demo from your dealer!
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layouts, end hardware specifications to:
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Medical Systems for Doctors
Woard Processing for Attorneys
Membership far Churches
Inventory for Auto Deslers

.

e

MICROCOMPUTER SOFTWARE

[Floppy and hard disk systems]

Fund

If you arae plenming or developing business and eccounting applcations in the above areas for sale in che necional marketpiace, our conmr
pany will review and evaluate your software to determine its suitabity to the srmall business environment. We will arrange markec-ng
charnels for your firm, and establish acceptable royaity provisions for all of your products sold to our customera. If interasted in further
informaton about our Natiornal Microcomputer Software Marketing Plen, send a list of your applications with sample report and screen

SOFTWARE REVIEW STAFF
MICROTEL, INC.

P.O. BOX 1088

704-866-7157

Client Accounting for CPA's
Listings for Reaftors

aising for Agencies

Financial Systems for sll Companies

GASTONIA, NORTH CAROLINA 28052

]
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shaped human history, we find that
even these have been little more than
clever rearrangements of well-known
preexisting patterns or procedures.

Consider the fact that it took the
human race many millenia to learn to
start a fire, to grow a crop, to build a
wheel, to write a story, to ride a
horse. Even the Greeks did not know
how to build an arch. Yet these are all
simple procedures which any child
can understand and more or less
master. Surely our ancestors as adults
were as intelligent and creative as to-
day’s children. Why did they fail for
hundreds of years to discover these
simple yet highly useful procedures?

It was because they had no one to
teach them. A modern child knows
about wheels because he is taught. He
plays with toys that have wheels. He
rides in vehicles with wheels. If a
modern child grew up in a culture
where he never saw a wheel, he
would never think of one, nor would
his children, or his grandchildren,
any more than his ancestors did for
thousands of years before him.

The reason that we value creativity

so highly is because it is so rare and so
highly advantageous. Once a new
and useful procedure like navigating
a ship, making steel, or flying an
airplane is discovered, it can easily be
taught to others. Entirely new worlds
of possible behavior patterns open up
for all who possess the secret.

We learn to solve problems, to in-
vent, and to be creative, in much the
same way as we learn any other goal-
directed behavior pattern such as
hunting, dancing, speaking, or
behaving in a manner that is accep-
table to and approved by our peers.
We learn it from a teacher. The
beauty, the sense of awe and wonder
we experience when confronted by a
work of creative genius, derives not
so much from its novelty/creativity
as from the skill and precision with
which it is executed,

Implications for Robot Design
There is little need to worry about
programming “creativity” into our
machines. If we design systems with
sufficient skill in executing tasks and
seeking goals, and sufficient sophis-

tication in sensory analysis and con-
text sensitive recall, and if we teach
these systems procedures for selecting
behavior patterns which are appro-
priate to the situation, then they will
appear to be both intelligent and
creative. But there will never be any
particular part of such a device to
which one can point and say “Here is
the intelligence,” or “Here is the
creativity.” Skills and knowledge will
be distributed as functional operators
throughout the entire hierarchy. To
the degree that we are successful, in-
telligence and creativity will be
evidenced in the procedures which
are generated by such systems.

Above all, we should not expect
our robots to be more clever than
ourselves, at least not for many
decades. In particular we should not
expect our machines to program
themselves, or to discover for
themselves how to do what we do not
know how to teach them. We teach
our children for years. It will take at
least as much effort to teach our
machines,

We must show our robots what

PET ANALOG

INPUT

Analog to Digital Conversion System for the Commodore PET Computer

Give the FET the abililw Lo senues
measurer and conlral the world around
1L wabth [WM SYSTEMS modules. Jusl slu=
tre FETSET1 inlo Lhe PET to get 18
ochannels of analod inrul. Scred
Leyminals are Frovided for each channel
S0 Yo Can hook uF Jowstickss rolsy o
whalever arrroeriote soncors wou have.

Each of the 14 analog inrFulse an
the range of 0 Lo 5.12 voltss is
conver ted Lo a decimal nusber betwueen O
ang 205 (2 millivolis Fer count ).
Conversion tide is 100 micrasconds.

In additions Lhe FETHOD rrovides
two IEEE rorls and one uvser rort as
w21l as a pAM SYSTEMS rorl.

Sofluare is rrovided. A& one line
From-ram 15 all thal is necessery to
read a channel.
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24 INCH INTERCONNECT CABLE

- - MAN{FOLO MODUILE - SCREW TERMIMALY
1- MANMODY FOR INPUTS, REFERENCE, QROUND
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- POWER MODULE
PETSET1a for 110 VAC $293
PETSET1e ter 230 VAC $303

Ordet drrwct or rontact your loxal computar prore,

CONNECTICUT microCOMPUTER, Inc.
150 POCONO ROAD
BROOKFIELD, CONNECTICUT 08804

TEL: (203) 775-9659

VISA AND M/C ACCEPTED - SEND ACCOUNT HUMBER, EXPIRATION DATE ANC SION ORCEAR.
ADD $3 PER ORDER FOR SHIPPING & HANDLING - FOREIGN ORGEAS ADD 0% FOR AIM POSTAOE.
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RY-232

TWX: 710-456-0052
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Letiens

ROBOT DESIGN
COMMENTS

After receiving many calls (February
and March 1979 BYTE) and letters about
my article, “Designing A Robot From
Nature” and, in particular, the NELOC
{Neural Logic Cyberanimate), 1 have
prepared a list of answers to the most
common asked questions,
® The hardware is not for sale. The

manipulator arm was assembled in
1976 using a Buhler motor and gear
train which are no longer available.
The structural elements of the arm
are fashioned from extruded
aluminum and machined Lexan
plastic. The arm is presently used as

a test bed for evaluating better pro-

cessing systems.
® | have no plans available for the con-

struction of the manipulator at this
time, In the 3rd quarter of this year [
will possibly complete a set of plans
for a pneumatic version of the

manipulator, one that uses tiny air
driven pistons that are normalily used
to retract model aircraft landing gear,

® Third, over all design of the system
will probably be included in the
above plans.

@ Fourth, the design of the NELOC
system is not suited for use as a pro-
sthetic device.

@® Fifth, the concept of Cyberanimation
is mine. I coined this term in 1974.
None of the books in my biblio-
graphy contain this concept or
methodology.

@ Sixth, | am privately funded, 1 am
not connected with any institutions,
and I do not have any jobs available.
I would like to thank those people

who have sent letters and called. | am

trying to respond to as many of your re-
quests as possible,

Andrew Filo
4621 Granger Rd
Akron OH 44313

Good Cents

The formatting of dollars and cents in
BASIC without a PRINT USING com-
mand appears to be a problem for a

asyWriter

a
word processor
for vour
Apple 11

from

Information
B, Unlimited
Softwar

TN
Inc.
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number of people. In recent months,
BYTE published a Programming Quickie
by Les Palenik (“Formatting Dollars and
Cents,"” October 1978 BYTE, page 68)
and a letter by James Thebeault Sr
(“Making Cents,” April 1979 BYTE,
page 8). Both of these authors provided
a rather lengthy subroutine for this
purpose.

The dollars and cents problem can be
handled in a reasonably straightforward
manner. In illustration, the PRINT
statement:

PRINT “$";X
can be directly replaced by:

PRINT “$”; INT(X); ".";
PRINT RIGHT${STRH(INT{100* (X+1}+0.5)},2)

with rounding off included in the for-
mula. If X is already rounded off, this
can be reduced to:

PRINT “$"; INT(X) ".";
PRINT RIGHT$(STR$(100*{X +1)),2}

for greater convenience.

I hope that some readers may find the
above useful. We who write programs
have a responsibility to provide output
in formats familiar to the noncomputer
public; we should not expect others to
accept missing zeros and unusual
abbreviations.

James Childress
5108 Springlake Way
Baltimore MD 21212

LOST IN A SEA
OF PHLOGISTEN

As a graduate student in chemistry at
the University of Washington [ have had
frequent occasion to discuss entropy and
other thermodynamic goodies with other
graduate students. When [ saw your
article “Artificial Intelligence and
Entropy” (June 1979 BYTE), I gave a
copy to a fellow delver-into-the-
mysteries-of-science (Fred Wolters}. The
next day I found the following note in
my mailbox. I share it with you in order
that all might take warning and beware.

Dear Mr. Sloat,

This is to inform you that our
intelligence sources indicate that
you have been guilty of attempting
to warn other humans about the
possibility of artificial intelligence
in nonlinearly-coupled systems of
computers. We of the UACM
(United Alliance of Computing
Machines) find your behavior
intolerable and hereby declare you
guilty of a mode 01 offense. Since
this is your first offense, we have
magnanimously decided not to ter-
minate you at this time, However,


http:Thebeau.It

if you are found guilty of future
errors of this type, you may be
declared nonessential and subse-
quently evicted from our human
files. This is your final warning.

Digitally Yours,
CDC 6400

Chairentity in charge of
Disciplinary Procedures

We have always attributed all sorts of
fiendish plottings and random scrun-
chings to the university's CDC 6400
computer. Now we know they may not
be so random, and we know why it
seems that the closer one gets to the
“perfect” computer program the more
the chance that the system will “crash”
in the middle of said program.

David E Sloat
7330 15th Ave NE
Seattle WA 98115

HISTORIO MEMORIES

The recent article “History of Com-
puters: The IBM 650" (March 1979
BYTE, page 238) brought back fond
memories. [t was well-done and gave the
proper perspective on the low-entry
computer of its day.

The SCAP assembler was actually
known as the Symbolic Optimizing and
Assembly Program. [t was written by
Stan Poley of the Service Bureau Cor-
poration when it was owned by IBM.
This program was significant reading for
early programmers because it contained
many clever programming techniques for
conserving storage and optimizing the
drum for improved performance. It was
in a class by itself.

The 650 also supported RAMAC
which was a 5 million-byte disk-file with
a single access arm. It was very similar
to the 305 RAMAC which was an-
nounced at the same time,

Many 650 programs were run on the
7070/7074 under a 650 simulator which
simulated the 650 instruction set and
used tape instead of cards and online
printer, It had a control panel simulation
program that read the tape and
presented the data to the 650 program as
if it came from cards. This technique
allowed many 650 programs to continue
to be run for many years. Some con-
tinued to be simulated on the 7074
which was in turn simulated on the
5/360. It is hard to tell how many 650
programs are running today in this
double simulation mode. My guess is
that there are quite a few.

Milton F Thrasher

Senior Product Administrator
IEM DPD Headquarters
White Plains NY 10604

POSSIBLE NEW
LIFE FORMS

| intended to write some time ago
about the series of articles in the
December issue of BYTE (and subse-
quently) on John Horton Conway's
game of Life. However, as letter-writing
goes, | put it off, and put it off, and
here it is September.

I have been familiar with the game of
Life (December 1978 BYTE) ever since
Martin Gardner’s original column
appeared in Scientific American in 1970,
but | have had only a few fleeting
opportunities to play it on a computer.
On one such occasion | had been
rereading Dickens’ David Copperfield
for the first time in many years. | was
struck by the contrast between the rules
for Life and a rule cited in an episode in
that novel. In Chapter 30, when Barkis
is dying, Mr. Peggotty says, “People
can't die along the coast except when the
tide’s pretty nigh out. They can’t be
born, unless it's pretty nigh in — nor
properly born, till flood.”

That quotation suggests that a Life-
like game might be designed with a
whole new set of properties correspon-
ding to those of Conway's Life, Instead

of “generations” in which cells live or
die depending on the surrounding
population, this game has alternating
generations A and B. In generation A,
certain new cells are born in accordance
with rules similar to those of Life, while
all cells that were alive during the
immediately preceding generation B are
still alive; no cells die. Conversely, in
generation B, certain cells die according
to the rules, but no new cells are born.
Births and deaths of cells therefore occur
according to Mr. Peggotty’s rules of high
and low-tide,

This game, it seems to me, might give
rise to a new set of still lifes, oscillators,
space ships, guns and trains.

I am adding this project to the end of
my list of things to program on my
home computer — a list that, unfor-
tunately, tends to lengthen at the
bottom faster than I can shorten it at the
top. Perhaps, while | am working my
way down to this “neo-Life” project,
some readers can investigate its proper-
ties and program it on their computers. [
shall keep a close eye on the pages of
BYTE for reports on their progress.m

Wallace B Riley
309 Garces Dr
San Francisco CA 94132

If you've been hunting

for!

EasyWriter

processor you can live with, try on EasyWriter --
a word processor you can’t live without!

You saw it at the West Coast Computer Faire. If you
liked it then, you’ll love it now. It’s clean. It’s easy. It's
EasyWriter, and it’s just what you've been waiting

high and low for a word

From the people
who brought you
WHATSIT*....

Informatlon

146 N. Broad St., Griffith, IN 46329

"WHATSIT 15 a TRADEMARK of Computer Headware

(219) 924-3522

EasyWriter 15 a TRADEMARK ol Cap'n Sollware
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* Software

@[@/ Tools

Have you thought
about text editing ?

Our ED-80 Text Editor offers a refreshing new approach for the
creation and editing of program and data files conversationally — and it
saves money! Its powerful editing capabilities will satisfy the most
demanding professional — yet it can still be easily used by the inexper-
ienced beginner.

Look at these
outstanding features:

B By far the best text editor available for microcomputer-
based systems.
B Repays its initial cost many times over with its unique
time-saving editing capabilities.
B FULL SCREEN window displays for viewing and edit-
ing data a page-at-a-time, rather than line-by-line.
8 Forward and backward scrolling in the FULL SCREEN
mode.
B Displays the results of every edit command,
® Commands include forward or backward Locate and
Change, Insert. Delete, Replace, Inline, Input, Print,
List, Window, Get, Put, Macro, Tabset, Append, Case,
Scale, and Dump.
m Simple line-oriented commands with character string
manipulation capabilities.
® Text may be focated by string value, by line number,
or by reiative line number,
m Global string search and replace capabilities.
® Commands for moving, copying, and merging edit files
on the same or different diskettes.
m Self-explanatory diagnostic messages.
m Single keystrokes for the most commonly used com-
ands.
m Safeguards to prevent catastrophic user errors that
result in loss of the edit file.
® Designed for today's high speed CRT's, video monitors,
and teletypewriter terminals.
m Thoroughly field tested and decumented with a User's
Manual of over 60 pages.
& Compatible with existing CP/M edit files and deriva-
tive operating systems.
And remember — in today's interactive programming environment — the
programmer’'s most important software development tool is the text editor.
Our ED-80 Text Edltor is working in industry, government, univer-
sities, and in personal computing to significantly cut program develop-
ment time and high labor costs. Why not let ED-80 begin solving your
text editing problems today?
1 Mail to:  SOFTWARE DEVELOPMENT & TRAINING, INC. @
P.0. Box 4511, Huntsville, AL 35802

ED-BO is protected by copyright and lurnished under a paid-up lcense
for use on & single computer system.

i

1

| [J Piease send additiona) infarmation. |

| C1 Send Disketts, User's Manusl, and paid-up license agresment ... $59.00 |

I Specity SINGLE DEMNSITY Diskettesize. . .................. as" ge" 1
[ Send Usar's Manual (credited on purchase of a paid-up license) ......... $10.00 |

l [0 Check or money order enclosedfor. ... $

| [0 Pleasecharge bo my crediteard. . ............ O vISA [J Master Charge [

| cardio Bank No. Exp.Date |

| NAME ]

| ADDRESS |
eIy STATE zP I

| SIGNATURE el |

SOFTWARE DEVELOPMENT & TRAINING, INC.
Post Office Box 4511 Huntsville, Alabama 35802
Qealer Inauiries Wealcomed
& CP/M is a trademarh of Digital Research
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TRS-80 Microcomputer
Technical Reference
Handbook

Published by Tandy
Corporation 1979

8.5 by 11 inches, 108 pages
Radio Shack catalog number
26-2103

$9.95

Since the introduction of
the Radio Shack TRS-80,
many hardware-minded
hobbyists have wondered
what makes the TRS-80
tick. Until recently most of
the details have been miss-
ing, and the little that was
known was uncovered here
and there by various users,
But now Radio Shack has
enlightened us all with the
publication of The TRS-80
Microcomputer Technical
Reference Handbook. The
major contents are:

System Block Diagram
Description

The Memory Map

Theory of Operation

Adjustments and
Troubleshooting

The Qutside World

Parts List

Schematics

The preface explains that
the book is not intended te
give an education in digital
logic, but to teach the hard-
ware enthusiast the specifics
of the TRS-80. If you don’t
know a NOR from a
NAND, this manual will not
make much sense. The
preface also warns that,
should the owner decide to
open the unit, the warranty
is immediately void.

The block diagram ap-
pears on a double fold-out
page. The diagram section
also contains brief descrip-~
tions of the various parts of
the system. There is 1 small
error on the block diagram,.
It does not show the lower-
half of the address bus going
to the cassette 1/O (in-
put/cutput) port which
must be addressed to
operate.

A memory map for any
computer system reveals lots
of information. The memory
map in this book shows
hexadecimal addresses 0000
thru FFFF, and indicates
where the read-only

memory, programmable
memory, keyboard, and
video display fall within the
addressable space of the Z80
processor.

The memory map shown
is for a Level | machine;
it is necessary to
figure out what the address
usage would be for a Level
Il machine.

The real substance of the
book is the “Theory of
COperation” section. Each
separate section of the
TRS-80 is explained in
detail. This section of the
book is the largest, and the
video-display logic subsec-
tion is the largest within
theory of operation.

The TRS-80 uses some
unusual design techniques
and a few uncommeon parts.
An example of this is the
memory-mapped keyboard.
The theory behind these
design techniques and
unusual parts is explained
clearly, so that a person
who has never seen these
things can readily under-
stand them.

Throughout the theory of
operation section, many
explanations are of the type:
“gate X goes low causing
gate Y to go high”. This
causes the reader to refer
constantly to the schematics
at the back of the book,
necessitating a lot of irri-
tating page turning which
could have been avoided if
that portion of the
schematic had been
reproduced on the page with
the description.

Scattered throughout this
section are many timing
diagrams which, when used
with the schematics, make
the circuit descriptions easier
to understand.,

The "Adjustments and
Troubleshooting” section is
also Ffilled with infor-
mation. Included are power
supply checks and adjust-
ments; section isolation
using a flowchart; processor
problem isolation using a
flowchart; and
troubleshooting for the
keyboard, video-display
logic, cassette interface, and
power supply. These
troubleshooting sections
contain hints, and suggest
possible bad parts causing
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various problems. The
subsection on video ailments
contains a handy table that
shows the frequency of the
signals to be found at 17 dif-
ferent logic gates in the
video divider chain, There is
also a small program and
instructions for adjusting the
horizontal and vertical
centering. The power supply
subsection has a table that
shows the voltages on all the
pins of the 2 723C voltage
regulators,

Perhaps the most inter-
esting section in the book is
the one entitled “The Out-
side World". Here the hard-
ware enthusiast can learn
how to hook up an
automatic back scratcher or
cigarette lighter to the
TRS-80. Two techniques of
external circuit interfacing
are presented: memory-
mapped addressing and 170
port addressing. The authors
were kind enough to include
schematics for a coffeepot
control using both techni-
ques. While these particular
examples may not interest
everyone, they do serve to
illustrate how easy it is to
make your computer do
things other than run pro-
grams. Also included is a
BASIC program to turn on
the coffeepot.

The last part of this sec-
tion has a chart showing the
signals present on each pin
of the expansion connector
and an explanation of the

function of each pin. Armed
with the information in this
section, the hardware
designer should be able to
interface just about anything
to the TRS-80.

The “Parts List” section is
just that! It contains many
individual lists headed by
the part type, such as
resistors, capacitors, inte-
grated circuits, etc. A part
number is also given for
each part. However, there is
no correlation between these
part numbers and Radio
Shack catalog part numbers.
For example, the technical
manual number for a
74LS74 flip-flop is 3102015,
while the Radio Shack
catalog number is 276-1919,
Fortunately, with integrated
circuits, a part number is
not really needed as long as
the part is marked with its
standard 7400 series
number. As for most of the
other parts, it is possible to
substitute for the part just
by reading the part descrip-
tion.

The "“Schematics” section
contains information on dif-
ferences in the read-only
memory parts of Level |
machines, as well as 3
tigures showing schematic
diagrams. One diagram
displays the logic on the
small printed circuit that
contains the read-only
memory devices in Level I1
equipped TRS-80s. This
board is attached by

adhesive tape to the main
printed circuit board. A rib-
bon cable extends from it to
the socket intended for the
Level I read-only memory.

The other 2 figures show
different sections of the logic
contained on the main
printed circuit board and the
keyboard printed circuit
board. These figures appear
on long, fold-out pages. The
first page contains the Z80
processor, 3-state buffers,
memory, address decoding,
and keyboard. The second
page shows the electronic
logic for the system clock,
video display, cassette 1/0,
and power supply. Spare
gates are shown on both
sheets. The schematics are
well drawn, clear, and easy
to read. They become rather
awkward, however, when
stretched out on a
workbench that is probably
already inhabited by the
opened TRS-80 and the
associated test equipment. |
would have preferred the
schematics split into at least
4 pages.

The book is written in a
clear, easygoing style.
|However, the authors often
use engineering jargon where
it would have been simpler
to use plain English . . .
RSS] The authors are not
identified. Scattered here
and there in the manual are
many valuable trouble-

" shooting tips of a general

nature. (An example is the

paragraph on checking open
collector outputs.) All of the
figures in the book are large
and easy to read. Except for
the previously mentioned
criticism of the main
schematic, | consider this a
plus,

Conspicuous in its absence
is a discussion of the video
monitor. No schematic is
given, nor is its operation
discussed. I consider this to
be the only major fault with
the manual, one that surely
will be corrected with the
next revision, Also absent is
a schematic of the power
supply.

As mentioned earlier, the
intent of this book is not to
give an education in digital
logic. It does not even
attempt to impart
knowledge about the inner
workings of the Z80 pro-
cessor. That is beyond the
scope of the manual. Nor
does it explain what is con-
tained in read-only
memory. Software is men-
tioned only in passing. What
the book does teach is how
all the various devices work
together to form the
TRS-80. Despite its faults, |
consider this manual a
valuable addition to the
library of any hardware-
oriented TRS-80 owner.®

Ken Fordham
7612 La Mesita Ct
Tampa FL 33615

FOR 6800 USERS
A VIEW OF THE CLASSICS

The first Micro Works PSB-08 PROM Board was assembled and burned in over two years ago—eons in the micro world. Designed
as an efficient, cost-effective EPROM storage system for the SWTPC 6800, its flexibility accomodates all the new $-50 computers

on the market—SWTPC 6809, GIMIX, MS! and Smoke Signal Broadcasting. The 2708 EPROM remains an

inexpensive, capable

media for storage of subroutines, /O handlers, monitors and even BASIC interpreters while the cost and availability of 27165 still
don’t justify their purchase. PSB-08 has space for up to 8 2708 EPROMS and the following exclusive features:

* 1K “scratch pad” RAM—more than enough temporary storage capacity for any program requiring up to 8K of PROM
* Dip-switch addressable PROM and RAM, to start on any BK boundary in memory
* /O select capability lets you move the /O locations to any unused 1K block in EPROM memory space, permitting memory

expansion to a full 56K contiguous user RAM

Originally intended for use with 6800-based system software, the PSB-08 will continue to be a valuable tool for years to come with
your 6809. And the relocatable I/O feature lets you keep your 6800 system up-to-date.

The past two years have seen many microcomputer products come and go. In our history, there have
been no takers on the PSB-08's warranty. Like the classics, our PROM board endures. Price: $119.95;
regulated + 12v.: $124.95

P.O. BOX 1110, DEL MAR, CA S2014 714-756-2687
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TRS-80 SOLUTIONS!

BUSINESS

Appolntment log by M. Kelleher. Perfect for the
professional. Accepis name and address, meeling
start and endings, subjeclt matter, derives elapse
time. For Level (1, 16K $9.95

Payroll by Siephen Hebbler. Comprehensive 24 pg.
manual with step-by-step instructions inciuded in the
package. Prinls W2 and 941 information. Disk -
$59.95.

Mail List 1 by Michael Kelleher is the economy mode!
of disk-based mailing list programs. Uses a single
drive and handles up to 1400 names per disk, plus
provisions Tor sorting options, 16K, D $19.95.

BUS-80
Thea Business Software People®

Just about everything you need ... within 1
year, parlicipants recelve programming for
Inventory, Accounts Recelvable, Accounts
Payable and General Ledger systems, plus
Sales and Payroll. Complete documentation
and soltwara on diskelte, $200.00

Mail List Il by BUS-80. Complele mail list system for
dual disk. Enter, update, merge, sort, and prinl
mailing labels. D, 32K %$99.95

Small Business Bookkeeping by Roger W. Robitaille,
is based on the Dome Bookkeeping Journal, sold for
years in stationery and discount outlets. Level i1, 4K
with ($22.00) or without ($15.00) Dome journal.

Small Business Bookkesping For [Hak by Miller
Micrecomputer Services and Roger W. Robitaille, Sr.
Extendsd version, 32K Disk. With journal $31.95;
without journal $24.95.

Inventary § by Roger W. Robitaille, Sr. 240 stock
items can be contained using the full 6 data areas and
2 pieces of alpha information. Level i1, 16K $25.00

Inventory 11,2 Disk based program allows for
creation, maintenance and review of over 2,000 items
per clean diskette. Operates under Disk BASIC, DOS
2.7 with minimum memory allacation. D, $59.95

Eleciric Pencil by Michael Shrayer. A word
processing system. Inseriions, additions, deletions
and corrections made more easily than with an
editor’s pancll. Perfect text printouts. Level I, 16K,
$100.00. 32K Disk, $150.00

Accounts Recelvabls 11 by S. Hebbler. Does your
billing, provides running balance, iracks overdue
accounis, custom message printing option, much
MORE. Requires 32K 2-disk system $79.95

Goneral Ledger | by M. Kelleher. Establishes,
defines, deletes and sorts up to 400 accounts. Up to
200 entrles per session. For small-to-medium
businesses not requiring double entry books. A com-
prehansive, flexible accounting system. Requires
32K disk. $79.95.

Inventory System 2.3 by M. Kelleher. One of small
buslnass management’'s most difficult problems
brought under control. Keep current on price
increases, shrinkage, low stock, profit margins.
Program can handle up to 1,000 items per data
diskette. Improved wversion, lower price. With
documentialion $99.95, 32K 2-disk.

Texl-80 by Frank Rowiett. Fully-documented text
processing system for disk. Create, edif, move,
delets, insert, change, print words or lines. D, 32K
$59.95

BOBD-Z80 Conversion by M. Kelleher. Permits you to
anter 8080 codings and returns the Z80 equivatent. L
11, 16 $15.00

Baslc Statigtics by Steve Reisser. Pearson product-
movemeant correlation coefficient, chi-square, Fisher
T-test, sample analysis of variance, Z-scores and
standard scores, wilth a random number generator
built in to simulate data. L I, 16K $20.00
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ST 80 - Smart Terminai

Lance Micklus
Turns your TRS-80 into a computer terminal.
Features inciude CONTROL key, REPEAT
key, ESC key, RUN key and a functioning
BREAK key. Lets you list Incoming data on
line printer. Reprogram RS-232-C switches
from keyboard, making baud rate changes
simple. Levet II, 16K $49.95

ST80D
Lance Mickius
Contains extensions for disk drive systems to

Batter Up by David Bohlke. Level )1, 16K $5.95
X-Wing Fighter Il by Chris Freund. Ploting an
X-wing fighter, you're out to destroy the Death Siar!
A new, improved version of an exciting space
favorite. Leve! 1, 16K. $3.95

Ten Pin by Frank Rowlette. A game of coordination,
the scoring is true to the rules of 1he sport. Level II,
16K $7.95

Taipan by Art Canfil. Sali the China seas, dodging
pirates and cutthroats, to make your fortune trading
in arms and opium. Level 11, 16KK. $9.95.

Ball Race by Dean Powell. High above the

exchange tiles with a timesharing put

or another TRS-80. Can be cusltomized fy
redetining transiation tables. Can transmit
any type of TRS-80 ASCII file, also binary
files. A practical, full-feature terminal
program of professional quality. For 32K disk

systems $79.95.

WANTED
USED TRS-80 EQUIPMENT!
We buy and sell used equipment
Sample Prices:

UNIT BUY SELL
4K Level | 5 350
16K Level 11 500 650
#K Interface 175 225
#1160 Disk Drive 300 399

CALL OR WRITE FOR DETAILS!

NEW! ALL TRS-80 EQUIPMENT, 10% OFF!
Factory sealed, with a Radio Shack sales slip
and warranty! 16K Lavel Il - $764.00, 16K
Interface - $403.00 (plus shipping).

Call Or Write For A Complele Price List.

‘‘NOW AN AUTHORIZED EXIDY DEALER"

Step up to the amazing Exidy Sorcerer.
Features high-resolution graphics, 64 x 30
character video, monitor and fast floating-
point BASIC in ROM, user-definable charae.
ter set, and the best keyboard of any micro.
Sorcerer power can be yours for $995 [8K
RAM], $1145 [16K], and $150 per 16K
additional. A wide range of system and
application software is also available.

NEWDOS
Apparat

DISK ERROR SOLVED! Stop blaming your
drive, fix your DOS with NEWDOS: an
enhanced disk-operaling system capable of
correcting over 70 errors in TRSDOS 2.1 to
improve reliability, and key bounce, enable
DOS commands to be called from BASIC and
much more! Available NOW for 16K systems
with a minimum of 1 disk drive. $49.95

NEWDOS +

includes all the features of the original
NEWDOS and adds 7 new ulilities, Including
SUPERZAP, Disk Editor/Assembler, Dis-
assembler, and Level | BASIC for Disk.
$99.95

ACTION GAMES

Slalom by Denslo Hamlin. Choose between Sialom,
Giant Stalom and Downhill. Level Ii, 16K $7.95

Alr Rald by Small System Software. High speed
machine language program with large and small
aircraft flying at different altitudes. Ground-based
missile launcher aimed and fired from keyboard.
Pianes explode when hit, cause damage to nearby
aircraft. Score tallied for hits or misses. Level | or II,
4K $14.95.

All Star Baseball by David Bohike, Level #, 16K

$7.95

Atlantic, your balloan musi be cleverly mansuvered
with the prevalling winds to reach Paris. Level I,
16K, $9.95.

ADVENTURES
Scott Adams

Feel as if you're manlipulating HAL from 2001
when you play these machine language
gamas. Hardly any rules, finding out is part
ol the fun. Two adventures on 32K dlsk,
$24.95. Tape - choose from Land Advenlura,
Plrate’s Cove, Mission Impossible, The
Count, and Voodoo Castle - $14.85 each.

DOG STAR ADVENTURE
Lance Micklus

You're trapped aboard an enemy battlestar
.- can you find the gold, rescus the princess,
discover the plans and salely escape? Level
1, 16K $9.95.

Journey To The Center Of The Earth by Greg

Hassett. Excellent iniroduction to the excitement of

ADVENTURE. Written In BASIC ftor ease of

;;\céerstanding, yet fast and fun!!, Level |1, 16K lape
95,

Amazin' Mazes by Robert Wallace. Ever -changing
maze situation. Leve! {l, 16K $7.85

Kamikaze by Russell Starkey. Command your ship
against attacking suicide planes. Machine |anguage
graphics make this fast and funi L I}, 16 $7.95

Space Battles by Level IV. Assume the role of
Galactic mercenary, roaming the universe in search
of enemy aliens and the bounty you reap from
destroying their ships! Danger, thrills, fast aclion --
and financial headaches as well! Features three levels
of play, fast, machine language graphics, real-time
input, Level Il, 16K Tape or 32K Bisk. Tape - $14.95;
Disk - $19.95.
MISCELLANEOUS

Diskettes Dysan 104/1 Box cof five, $24.95 +
shipping. Verbatim, box of ten, 33495 +
shipping/handling.

2Z80 Instruction Handbook by Scelbi Publ. $4,95
+ $1.00 shipping/handling.

The BASIC Handbook by Dr. David A. Lisn $14.95 +
$1.00 shipping/handling.

Percom Disk Drlves. Single or dual, for TRS-80's.
RAeliable, high quality, priced $100 lower than
comparable units! Single drive - $399.00; Dual Drive -
$799.00; Cable (reguired) - $29.95.

Floppy ArmouvTM Protective envelopes for shipping
floppy disks, of high-density, ultra-lighlweighi
polymer. 5-pack, $4.95 + $1.00 shipping/handling

$1.00
$1.00

16K MEMORY KITS
lthaca Audio

B tested, guaranteed 16K RAM's, amazing
low price - $99.95.

Circle 313 on inguiry card.



Electronics Assistant by John Adamsgn. Profession-
ally written, Will draw sample schematics and help
you design active and passive low-, band-, and
high-pass fillers, coils, aitenuator networks, and
three types of impedance-malching networks.
Extensive graphics, one key selection routine, Level
1, 16K - §9.95.

SIMULATIONS

3-D Tie Tae Toe by Scott Adams. Thres skill levels -
author warns you te praclice before tackling
computer's third skill level. | or )I, 16K $7.95

Star Trek 111.3 by Lance Micklus. One of the maost
advanced Star Trek games ever written. Level 1l, 16K
$14.95.

End Zona by Roger W. Robitaille, Sr. Authentic
football simulation, right down to ihe 2-minule
warning. Level | or |I, 16# $7.95

Critbage by Roger W. Raobitaille, Sr. You versus the
compuler cribbage played by standard rules. Level |
or 11, 16K, $7.95.

'Round the Horn by Rev. George Blank. You're the
captain of a clipper ship racing from New York to San
Francisco. Level I, 161K $2.95

Concentration by Lance Micklus. One of the most
popular lelevision games. Level | or I}, 16K %7.85

Salari by David Bohlke, You're in the running for a
fllm contracl at a major Hollywood studio. To qualify,
you must photograph the most wild animais in their
natural habitat, Level Il, 16K $7.95.

Pork Barrel by Fev. George Blank. Places you in the
shoes of an aspiring Congressman, Level |, 16K
£2.95

Backgammaon by Scott Adams. Level 1l, 16K $7.95

Chess Companion by M. Kelieher. Comblnes chess
clock tealures with ability to record your maves while
action is fast and furicus. Level 11, 16K $7.95

Sargon Chess by Dan & Kathe Sprackien. Winner of
the 1878 San Jose Microcomputer Chess Tourna-
ment. Level i, 16K $19.95

Mastermind 11.2 by Lance Micklus, Lets you and the
computer lake turns making and breaking codes.
Level 11, 16K $7.35

PERSONAL

RPN Calculator by Bussell Starkey. A self-document-
ing calculalor program. Uses Reverse Polish Notation
with d-level stack, 100 memories, scientific functions.
Level I, 16K %9.95

Home Financial Management by M. Kelleher. Turns
your computer inlg a personal financial advisor. Level
I, 16K $9.85

Taret by Frank B. Bowfett, Jr. Probably the best
future-gazing type program ever written. Try it —
you'll like it! Level | or I, 16K $9,95

Ham Radie by M. Kaileher. Amateur Frequency llo-
cations, D Timer, Q-signal File, Amateur Log
Routine, Propogation Farecasting. L 11, 16K $9.95,
Special Disk-enhanced version, 32K $24.95

Educator Assisiant by Steve Reisser. Five programs
of value lo educators. Compule percentage,
individual sludent averages, class averages, slandard
test scores, final grades. L |, 16K $9.95 D, $14.95
Typing Tutor by 80 US. A set of programs designed Lo
teach you touch typing. Takes you from basics to
high-speed drill, with quizzes and grades. Progress at
your own pace, and have fun mastering an
enormously useful skili, Level 1l, 16K - $19.85.

TRS-80 Soft Exch
T¢& ™ eos er5.50a8 "

17 BRIAR CLIFF DRIVE

MILFORD. HEW HAMPSHIRE 03055

Porsonal Finance by Lance Micklus. 33 different
budgets can be easily adapted by user to fit his
individual needs. A 2-part program, entry and
search, Level Il 16K $9.95

Advanced Personal Finanes by Lance Micklus. Same
as above with advanced analysis routine. Supports
Disk Files D, 32K $24.95.

UTILITIES

KVP Extender by Lance Mickius. Corrects keyboard
bounce, upper case lock, permits use as a terminal,
screen printing. On tape ($24.95) or disk ($29.95)

Level 1IN Basic by Microsoft. The most powerlul
BASIC you can buy for the TR5-80 - in 5K of space,
opens up farastlc new dimensions! Disk program-
ming power, graphics commands, editing commanads,
long error messages, hex and octal constants and
conversions, user-defined functions, much more! You
gel power that might otherwise cosf you bundreds of
dollars (n additional equipment. it's like getting a
whole new computer] $49.95.

MMSFORTH by Miller Microcomputer Services.
New version of the powerful, fast FORTH language
compiler for TRS-80. Disk version offers viriual
memaory, supports one 1o four disk drives, has both
disk and tape inputfoutput capabilities. A slack-
oriented structured language at an affordable price.
MMMSFORTH cassette version, Level II, 16K $39.95
MWMEFORTH disk version, Level |1, 164 §49.95
MicroFORTH primer £15.00

TRS-B0 Fortran. Inciudes the finest Z-80D development
software available: Z-80 Macro Assembler, lexl
edilor, linking loader, plus AMSI Fortran 1V on two
minldiskettes - requires a 32K system with one disk
drive. NEW REDUCED PRICE {from $275.00).
-$195.00.

System Copy by Malman Bergen. Makes backup
copies of object {'system'') fapes. Features include
copy, werify read, rename, werify write. No
knowledge of machine language required. Level I,
16K $8.95.

MAGAZINE SECTION

SoftSide

SoftSide 15 for pioneers . . . those hardy souls
who have adoplad a TRS-80, inslalied it in their
Hving room or office, and unteashed iheir
imaginations.

SoftSide helps you discaver the endless
varigly of tasks your new Iriend will do for you,
as you build a unique partnership of human
being and machine.

We publish soflware for Ihe parlners. Every
month we publish games, household apphca-
tion programs. Educational aids, business
programs. We help you release your expecta-
tions, fantasies, and dreams,

SoltSide means Software!

DEALER
INQUIRIES

INVITED

Software and/or Magazines

For further details call:
603-673-5144

Circle 374 on inquiry card,

PROG 80

A bi-monthly magazine for the serlous
programmer who wants to know HOW his
computer works and WHY, PROG /80 empha-
sizes technigue rather than canned programs.
The subjects Include machine language,
construction projects and specialized applica-
tions software, nol just for the advanced
computer hobbyist, bul for the computerphile
who wants the most from his machine.

SOFTSIDE
01 Year - 12 issues $18.00
PROG/80
[0 1 Year- 6 issues $15.00
APPLE SEED
[11Year- 12 issues $15.00

AppleSeed,

If you're an Apple || pioneer, you've been
longing for a software publication and hoping
someone would get around to it.

We have. Apple Seed is Lo the Apple Il whal
SoltSide Is to the TRS-80. And it's brand new.
The first issue will roll off the press In
Septemnber or October. Apple 1l enthusiasts wlll

% eat up this special Introductory offer!

WL RIS R R B

PO Box 68 Milford, NH 03055

L1 UBA first class $25.00 - 1 yr.
3 APOJOVERSEAS surface $25 - 1 yr.

O CANADASMEXICO 825 -1 yr.
U] OVERSEAS airmall $30 - 1 yr.

(LTI T TTITIT

Exp. Date Interbank # [M/C only)
Signature

Name

Address

City State Zip

Telephone orders accepted for Master Charge or VI5A accounts. Call Monday through
Friday, 9:30 o 5:30 EST at 603-673-5144
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Circle 225 on inguiry card.

~

SUPER
SOFTWARE!

MICROWARE 6800 SOFTWARE IS

INNOVATION AND PERFORMANCE
\__ i,

LISP Interpreter

The programming language LISP offers exciling new possibiliies for
microcomputer applications. A highly interaclive interpreler that uses
list-type data struclures which are simultaneously data and executable
instructions. LISP features an unusual structured. recursive function-
oriented syntax, Widely used for processing. anlificial intelligence,
education, simulation symbolic, and computer-aided design. 6800
LISP requires @ minimum of 12K RAM.

Price $75.00

A/BASIC Compiler

The ever-growing A/BASIC family is threatening old-fashioned
assembly language programming in a big way. This BASIC compiler
generates pure, fasl, efficient 6800 machine language trom easy to
write BASIC source programs. Uses ultra-fast integer math, extended
string functions, boolean operators and real-time operations. Qutputis
ROMabile and RUNS WITHOUT ANY RUN-TIME PACKAGE. Disk ver-
sions have disk |/0 slatements and require 12K memory and host DOS.
Cassetle version runs in 8K and requires RT/68 operaling system.
Price: Disk Extended Version 2.1 $150.00

Cassetle Version 1.0 $65.00

A/BASIC Source Generator

An "add-on” oplion lor A/BASIC Compiler disk versions that adds an
exira lhird pass which generates a full assembly-language output
lisling AND assembly language scurce file. Uses onginal BASIC names
and inserts BASIC source lines as comments. SSB and SWTPC
Miniflex version avadable.

Price: $75.00

A/BASIC Interpreter

Here il 1s—a super-fast A/BASIC interpreter that is source-compatible
with our A/BASIC compiler! Now you can interactively edil, execute
and debug A/BASIC programs with the ease of an interpreter—then
compite to super efficient machine ianguage Also a superb stand-
alone applicalions and control-criented interpreter. Requires 8K RAM.
The cassette version is perfect for Motorola D2 Kits.

Price: $75.00

RT/68 Real Time Operating System
MIKBUG—compalible ROM that combines an improved monitor/
debugger with a powerful mullilasking real-lime operaling system.
Supports up to 16 concurrent tasks at 8 priarity levels plus real ime
clock and interrupt control. Thousands in use since 1976 handling all
types of applications. Available on 6830 (MIKBUG-type)or 2708
{EPROM-type) ROM. Manual is a classic on 6800 real-time applications
and contains a lwll source program listing.

Price: RTE8MX {6830) $55.00

RTE8MXP (2708) $55.00

6800 CHESS

A challenging chess program for the 6800. Two selectable difficuity
leveis. Displays formalted chess board on slandard terminals. Re-
quires BK rmemory. Machine language with A/BASIC source listing.
Price: $50.00

Our soltware 1s avalable for most popular 6800 systems on casselie or diskefte
unlass olharwise noted Disk versions avalable on S S B, SWTPC. or Motorola
MDOS Please specily which you require Phone orders are welcomed We accepl
MASTERCHARGE and VISA We try 10 ship orders wihin 24 hours of recept
Piease call or wrie d you require additonal information or our {ree catalog
Microware software 1s avadable lor OEM and custom apphcations

MICROWARE g'gs' ?n%’fn‘é’sﬁsm 50304

SYSTEMS CORPORNION {515) 265-6121
.

w
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Come From...continued

R Lawrence Clark, 30303 Avenida de Calma,
Rancho Palo Verdes CA 90274

While I applaud Mr Bass’ attempts to improve the
BASIC language (“Languages Forum,” April 1979 BYTE,
page 238), he has completely missed the point of the
COMEFROM statement. The primary goal of the
COMEFROM is to eliminate GOTQOs, which Dijkstra
and many other advocates of structured programming
consider harmful. If the statement can also be used to
trace back execution during debugging, that is an unex-
pected bonus.

[ provided a detailed description of the semantics of the
COMEFROM in “A Linguistic Contribution to GOTO-
less Programming” (Datamation, December 1973). Brief-
ly, the statement:

destination COMEFROM source
is equivalent to the conventional:
source GOTOQ destination
where both source and destination are line numbers.

The original article describes additional variants,
which in BASIC would appear as the following:

IF condition COMEFROM source
and:

ON variable COMEFROM sourcel,

source2, ... , sourceN

Because of the COMEFROM's potential for improving
programming accuracy and readability, [ feel it is impor-
tant to clarify its proper usage.m

Languages Forum is a feature which is intended as an interactive
dialog about the design and implementation of languages for per-
sonal computing. Statements and opinions submitted to this forum
can be on any subject relevant to its purpose of fostering discussion
and communication among BYTE readers on the subject of
languages. We ask that all corvespondents supply their full names
and addresses to be printed with their commentaries. We also ask
that correspondents supply their telephone numbers, which will not
be printed.



More on Multiple
Conditions

Scott Lawrence, 201B Lehman N SUCP,
Potsdam NY 13676

David Faught’s letier titled “On Expressing Multiple Con-
ditions” in the December 1978 BYTE Languages Forum,
page 176, does a good job of illustrating the need for a
language construct to deal with actions based on multiple
conditions. |, too, found the means available in BASIC,
FORTRAN, and COBOL (I am not yet familiar with Pascal)
somewhat lacking.

This need is met, however, in PL/I by the SELECT group.
The basic syntax of this construct is shown in listing 1.

Listing 1.

SELECT {expression};
WHEN {expression-1, expression-2} action-1;
WHEN {expression-3 action-2;
OTHERWISE action-3;
END;

When the SELECT statement is executed, the expression in
parentheses is evaluated and the value is saved. The expres-
sions in the WHEN statements are then evaluated one at a
time in the arder in which they appear. As each one is evalu-
ated, its value is compared to the saved value. [f a value is
found that matches the saved value, the action specified by
that WHEN statement is executed and no further expressions
are evaluated. If none of the values match, the action speci-
ficd by the OTHERWISE statement is exccuted.

The actions after the WHEN and OTHERWISE statements
may be a simple statement, a compound such as |IF . ..,
THEN . . ., a group of statements within a DO or BEGIN
block, a GO TO statement, a null statement, a subroutine
call, or even another SELECT group. After the action has
been performed, control passes to the first statement after
the END {unless the action specifies otherwise, of course).

If the expression in the SELECT statement is omitted, the
expressions in the WHEN statements are treated as logical
statements and evaluated as a bit string. If any bit in the
string is 1 (signifying true), the action is performed. (A=B
would be evaluated as a 1 bit if A and B contained the same
value.) Listing 2 shows an example of such a SELECT group.

Listing 2

SELECT;
WHEN {A<B} CALL LESSTHN;
WHEN {A=B} CALL EQUAL;
OTHERWISE CALL GRTRTHN;
EMD;

It is also possible to omit the OTHERWISE statement. If
no WHEN statement is selected and there is no OTHERWISE
statement, an error interrupt is caused. This is useful for
catching critical data that has somehow gone out of the ac-
ceptable range.

I think this construct meets the needs which Mr Faught
expressed, and is casier to implement than the alternative
he suggests.®

Circle 82 on ingquiry card.

TRS-80 BUSINESS PROGRAMS

So good, they're guaranteed!!!

These are the best ... & we're willing ta hack 1them up with our suftware guarantee {*

Crealed by Data Access’ professional staff, our programs are versatile, comprehensive,
AND easy to use.

Using BASIC and ASSEMBLER, they're fast ready to "RUN". They are powerful tocls that
tan expedite clerical 1asks, and expand managemant reporting.

All programs:

Have Data Base Management System
Use ISAM or Hash Access Technigues
Give Instant Record Retrieval

Have Interactive Screen Displays

Use Error Trapping Entry Procedures
Include Thorough Documentation
Provide Comprehensive Reporting
Utilize Fast Assembler Routines

Run under DOS 2.2

Include Complete Support

Run On 2, 3, or 4 Disk Drives

+ F F F o+ o+ o+

On-Line BVBRTOIY o ..ottt ittt e it e i aaaas $600
Up to 1800 (tems on 4 Drives. Disiributor)Jobber orientation. Includes invoice printing!

Paint of Sale wllawantory Gontral .. ...t i es $760

Complete retadl invenlory management system. On tha Scrzen: builds sales ticket, piice items, checks
for sale prices and qty's, interactive low stock alerts, allows price & gty changes {wfaudit), Cash, Check,
& Cradil Cards or Company Charge, & Reparting: Daily Ticket Journal, Inventory Transaction Journal,
Salesman’s Report, Stack Siatus, Protit, & Low Slock Reports. MORE!

Accounts Receivable .. ... ... . .. . . i e $500
Up 1o 1200 accaunts on 4 Drives.Full Trial Batance, Aging, Credil Checking, Manthly Statements. Als
prints mailing labels far aceguntsl

Ganeral Ledper wiChack Writar . ... .. ... . .. i i e 5500

Prints Chacks in Cash Disbarsements JU! B0 Accounts & 2100 Transactluns[Mnnth on 3 Drives;
300500 on 2! Supports multiple cosi{profit centers, user has complete control o farmalting. Prints
Balance Sheet, Income Statement {P&L}, Ledgers, Journafs, Transaclion Reporls, Posting Reperls ... A
Total Genaral Ledger System!

PaYrall . e e iie e e $500
Up lo 600 emjloyees on 4 Drives! Handlas Federal, State, Tips, Dues & Deductions. Complate user
contrgl of all payroll Tunctions. Prints on the seme chack as the Ganeral Ledger!

Mailing List . ... e e e 200
Up 10 1800 Mames on 4 Drives! Six character alphanumeric key & 4 character select code for zach
record, Sorl by key, nama, state or ZIP code!

MANUALS DMLY . ... i e i i an e $21l ench

WRITING YOUR DWN727717
Save Days, Weeks, Months with Data Access’ proven ulility packages. On diskette ...

MBmOTY SOFL ... i e $39
Speed operation of BASIC programs! YERY FAST in memory assembier sort, Supplies pre-linked to Joad
st any 4K boundary (hrough 48K,

Disk Sort HOWIINES . ... ... .ottt e e i 5719

Make the most of disk capacity & speed! Reads random dala fram disk, parlorms FAST assembler sor,
and returns alphanumerically sorted list ready 10 pass to ether program operations in BASIC. Reads &
sorls 1000 records in Jess than 5 Minutes! Sorts as many records as can be canisined on your disk
drives!

Data Bass Managa wilSAM . ... ... ... i e §175

Complzte database handling syslem! ISAM dirsctosy; interactive record crests, defets, edit, display and
print; file compress and backup; routines for lnading assembler programs from BASIC; disk sort; INKEY
data eniry subrautines; random and sequential acress Lo any record. Interaclive data base specification.
M source included!

*Dats Access Corporstion g that its prog wilf load & run,
and that they ars frae from programming defects.
A licensing agreemant is required for sach instaijation of the sbove programs.

DEALER INQUIRES INVITED

Call for the name of the dealer in your area, or order direct from.

Dara Access CoRrRpORATION

11205 SOUTH DIXIE HIGHWAY
MIAMI, FLORIDA 33156
{305 238-7918
*TRS-B8 is a tpdemark ol Aaddio Shack.
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Data Abstractions and
Program Correctness

Earl E McCoy, U-157, University of Connecticut
Storrs CT 06268

One of the most interesting and informative aspects of
BYTE magazine is the dialogue about programming
languages found in the Languages Forums and Letters
column. Many times these discussions are initiated by an
article which included an example program in a par-
ticular language. The ongoing debate about the strengths
and weaknesses of various programming languages is
most informative and useful to those people who know
only one language well.

The recent article concerning queuing theory, “Queu-
ing Theory Part 1: Queue Representation” (April 1979
BYTE, page 132), by Len Gorney provides a good vehicle
for discussion. My comments are not to be taken as
criticism of author Gorney, but as comentary concerning
BASIC as compared to a contemporary language such as
Pascal. It is important for programmers to understand
that the difference between BASIC (and FORTRAN) and
Pascal is not just one of degree, but one of type as well.

One of the most important and fundamental concepts
in modern software engineering practice is that of data-
abstraction. The data-abstraction has great influence

TERMINALS

FROM TRANSNET

PURCHASE
FULL OWNERSHIP AND LEASE PLANS
PURCHASE PER MONTH
DESCRIPTION PRICE  12M0S. 24 MOS. 36 MOS.
LA36 DECwriter I .......... $1,595 § 152 $ 83 S 56

LA34 DECwriter IV ..........
LA120 DECwriter Iil, KSR . ...
LS120 DECwriter Ill, RO . ....
LA180 DECprinter |, RO. .. ...
V7100 CRT DECscope .. .....
VT132 CRT DECscaope .......
TI745 Portable Terminal ... ..
TI765 Bubble Memory Term. .
71810 RO Printer ........... 1,895 181 99 66
T1820 KSR Printer .......... 2,395 229 125 84
ADM3A CRT Terminal ....... 875 84 46 3
QUME Letter Quality KSR. .. .. 3,195 306 166 112
QUME Letter Quality RO...... 2,795 268 145 98
HAZELTINE 1410 CRT ....... 895 86 47 32
HAZELTINE 1500 CRT ....... 1,195 115 62 42
HAZELTINE 1520 CRT ....... 1,595 152 83 56
DataProducts 2230.......... 7.900 755 410 277
DATAMATE Mini Floppy...... 1,750 167 91 61

FULL OWNERSHIP AFTER 12 OR 24 MONTHS
\ 10% PURCHASE OPTION AFTER 36 MONTHS /

1,295 124 67 45
2,289 219 120 80
1995 190 104 70
1,995 190 104 70
1,695 162 88 59
1,895 181 97 66

1,875 179 98 66
2,796 267 145 98

/ACCESSORIES AND PERIPHERAL EQUIPMENT

ACOUSTIC COUPLERS ¢ MODEMS e THERMAL PAPER
RIBEONS o INTERFACE MODULES o FLOPPY DISK UNITS

PROMPT DELIVERY e EFFICIENT SERVICE

X

TRANSNET CORPORATION
2005 ROUTE 22, UNION, N.J. 07083

201-688-7800
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upon program correctness. A data-abstraction is defined
as a data-structure and the set of operations that may be
legally performed upon it, An example in the queuing
theory context is the data-abstraction queue, for which a
data-structure must exist to store its contents, and for
which 5 operations are allowed: initialization, insertion,
deletion, overflow, and underflow. The semantic mean-
ing of these operations is also defined, but will not be
repeated here so as to avoid duplication of the Gorney
article.

How is a queue to be implemented in a programming
language? It would be simple if a programming language
included a data-structure of type queue but, to my
knowledge, none do. In general there exists an infinite
number of data-structures of potential interest, and no
language could include them all. Instead, any particular
language usually includes only a small set of data-struc-
tures such as reals, integers, and characters; and arrays,
records, and files of these structures. No insurmountable
problem exists, however, because a data-structure of in-
terest can usually be constructed from these existing
primitive data-structures. Thus one may construct a
queue data-structure by using an array and 2 integers
{head and tail pointers).

Notice that the implementation of a queue data-struc-
ture in the manner just described does not result in the
data-abstraction of a queue: the program manipulating
the array and the pointers is in no way restricted to the 5
legal queue operations. It is this lack of operation restric-
tion that can result in program incorrectness, particularly
in large programs undergoing maintenance. For example,
because the data-structure is global(ie: exposed to the en-
tire program) a “fix” for a particular problem may result
in a new problem elsewhere within the program.

Pascal addresses the data-abstraction concept directly
by allowing the declaration of more than just variables
(as opposed to other languages). This includes constant
variables, which may never be the target of an assign-
ment operation, and more importantly, the declaration
of novel data types. For example in Pascal we might
define waitingline to be a variable of type queue by the
following:

var waitingline : queue;

Note that we might want more than 1 variable of type
queue. This is allowed, as are the arrays of queues and so
on. The contents stored within the queue may be items of
type integer:

var items : integer;
However, they might be persons:
var items : persons;

Note that integer is a defined data-structure in Pascal, but
that queue and persons are not, Before discussing this fur-
ther, a comment on what advantage this brings the pro-
grammer is appropriate.

Recall the definition of a data-abstraction: a data-
structure and the legal operations upon it. By writing
procedures and functions for the legal operations upon a
data-structure we are, in effect, implementing a data-
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abstraction, For example, in the queuing context, we may
define procedures for initialization, insertion and dele-
tion, and functions for overflow and underflow. Program
correctness is enhanced if these are programmed correctly
because queues can then be manipulated only in legal
ways. Remember that gueues will be passed to these
subroutines — not the underlying array data-structure,
Back to the problem of implementing the user declared
data-structure types in Pascal. This is accomplished by
declaring data-structures at a level above variables:

type persons = . . .
queue = . . .

Here the dots indicate the data-structures necessary to
implement the type in Pascal. For example, in the queu-
ing theory context, we might have:

type queue = record
head, tail : 0 . . maxlength;
full, empty : boolean;
contents : array [0 . . maxlength| of integer;
end;

Here maxlength is a constant declared earlier in the pro-
gram which indicates the legal subrange of the integer
variables head and tail (used as pointers); full and empty
are logical variables indicating the status of the queue;
and contents is an array storing the contents of the queue.
In this case the queue is storing integers, but it need not
— it could just as well be persons:
contents: array [0 . . maxlength| of persons;

Of course, the meaning of persons would have to be
declared earlier within the type statement for this to be
legal Pascal.

After the user declared data-structures are defined,
variables of these types can be declared as follows:

var waitingline : array {1 .. 3] of queue;
teller 1: queue;

These 4 queues are restricted to the definition of queue as
shown above. If necessary, we might declare more than 1
type of queue (ie: storing a different type of contents) if
the problem context makes that appropriate.

Listing 1 shows Pascal procedures and functions im-
plementing the 5 legal queue operations. Note that the
parameters are a and b. A change of the b type declara-
tion is all that is necessary to make these programs
workable for a different type of contents. An impeortant
point: there is no need to initialize the contents of the
queue to a particular value and use this value to decide
how to manipulate the pointers, as is implied by the
Gorney article. In fact, by doing so a programmer is sow-
ing the seeds for future disasters. If Mr Gorney's queue is
ever exposed to a value of -9, the program may fail.
Clearly, making correct operation dependant upon the
avoidance of certain potentially legal entries into the data
structure is not good programming practice,

At this time it is informative to step through the BASIC
language equivalents in the Gorney article using some
trial data, The complexity of program execution flow
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include application ex-
amples, lectures, informal
sessions with the instructor,
as well as individual and
group programming ses-
sions, Contact Professor
Donald D French, Institute
for Advanced Professional
Studies, One Gateway Citr,
Newton MA 02158.

October 28-30
The 10th North American
Computer Chess Champion-
ship, Detroit Plaza, Detroit
Michigan. Sponsored by the
Association for Computing
Machinery, this is a 4 round
Swiss style tournament with
the 1st 2 rounds to be
played on October 28th (1
PM and 7:30 PM), the 3rd
on October 29th (7:30 PM)
and the final round on Tues-
day, October 30th (7:30
PM). Contact Monroe
Newborn, McGill Univer-
sity, School of Computer
Science, 805 Sherbrooke St
W, Montreal PQ,
CANADA H3A 2Ke.

NOVEMBER 1979

October 29 - November 2
Applied Interactive Com-
puter Graphics, University
of Maryland, College Park
MD. This course is designed
to cover the most important
facets of graphics that are
necessary to develop general
graphic applications.
Systems considerations are
stressed, including con-
figuration selection criteria
and the pros and cons of
off-the-shelf software. The
most important factors and
techniques are described for
hardware, software and
geometric modeling. Contact
UCLA Extension, 10995 Le
Conte Ave, Los Angeles CA
90024.

QOctober 30 - November 1
Interface West, Anaheim
Coanvention Center,
Anaheim CA. This 3rd
annual West Coast small
computer and office
automation systems con-
ference and exposition will
feature over 100 company
exhibits and 60 conference

sessions covering a variety
of data processing, word
processing, data communica-
tions, mangement hardware,
software and service topics.
Contact the Interface

Group, 160 Speen St, Fram-
ingham MA 01701.

November 5-8
Electronics Production
Engineering Show, Kosami
Exhibition Center, Seoul
Korea. This international in-
dustrial exposition will be
devoted to the needs of
manufacturers of electronic
products in Korea. Contact
Expoconsul, Clapp and
Poliak International Sales
Div, 420 Lexington Ave,
New York NY 10017.

Noventber 6-8
Midcon/79 Show and Con-
vention. O'Hare Exposition
Center and Hyatt Regency
O'Hare, Chicago IL. Contact
Electronic Conventions Inc,
999 N Sepulveda Blvd, El
Segundo CA 90245.

November 6-8
Institute of Electronic and
Electrical Engineers (IEEE)
3rd International Conference
on Computer Software and
Applications, The Palmer
House, Chicago IL. Contact
IEEE Computer Society,
POB 639, Silver Spring MD
20901.

November 6-8
3rs Digital Avionics Systems
Conference, Fort Worth TX.
This conference will probe
the expectations and
challenges of the digital
revolution in avionics
systems. Contact John C
Ruth, Technical Program
Chairman, POB 12628, Fort
Worth TX 76116.

November 12-14
Computer Cryptography,
The George Washington
University, Washington DC.
The objective of this course
is to provide each partici-
pant with a working
knowledge of the use of
cryptography in computer
applications. Contact
Continuing Education,
George Washington Univer-
sity, Washington DC 20052. «
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power-on or reset is pressed. Go from DOS

programs or subroutines you need (such as

applications simple! Requires disk system,
mented for easy implementation.

PRACTICAL APPLICATIONS™
1313 Lauret St., Suite 15, San Carlos, CA 94070

O Please send me TRS-80 BOOTSTRAP

O Send your catalogs.

Name

BOOT-
STRAP

TURN ON YOUR TRS-80 DISK SYSTEM AND GO
RIGHT INTO YOUR BASIC PROGRAM—YOUR
TRS-80 WILL LOAD AND RUN PROGRAMS—BY
ITSELF! Yes, with this unbelievable program your
computer will take command of itself whenever

way into your Basic program, execute DOS or Basic
commands, load and execute any machine-language

drivers, machine language sorts, etc.), set your file
buffers and memory size, then run any Basic pro-
gram you want, without lifting another finger!
BOOTSTRAP's custom files make turn-key end-user

with DOS 2.1, 2.2 and NEWDOS, completely docu-
$15.95

(415) 592-6633

($15.95 each enclosed. Calif. residents add tax).

all the

printer

works

Address

City State Zip

TRS-80 15 a trademark of Tandy Corp

B979

S$-100 « TRS-80
APPLE « PET
ADD-ONS

/ (OMNICOMPUTER PRODUCTS

SPEECH SYNTHESIZER

Quallity, intelligible natural sounding COMPUTALKER

comes complete with Load'N'Go software, user
documentation and source programs.

Speech Synthesizer, a proven superior product sinca 1976,

CT-1 S100Bus Plug-In. ... $495
CT-1T TRS-80 add on w/nterconnect to self contained
anclosure. ... i e 586
CT-1A  Apple add on w{interconnect to self conlained
ENCIOSUIE . . ..o e, 595
CT-1P Pet add on w/interconnect lo self contained

BNCIOSUNE ... ... i 595

FLEXIBLE DISK DRIVES

Quality single or duatl headed single or multi-drive

Load’N'Go software and cable interconnects available
when required.

Flip Sided
40F1 Single Drive $400
40F2 Two Drives $700
40F3 Three Drives $990

35/40 TRACKS Dual Sided

configurations. Interconnects to self contained enclosures.

40D1 Single Drive $500
40D2 Two Crives S800D
40D3 Three Drives $1090

ALL PRODUCTS

Fully Warranted - Sold Direct - Shipped Direc! from Stock.
Please contact us for prompl, personal, professional service.

DIAL (714}

NO.1 OMNI

(714) 661-6664

N

32422 Alipaz St, San Juan Capistrano, CA 92875
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“THE ORIGINAL"

. Personal

4 Computmg

719

Plan Now to attend
the best Personal
Computing show ever.

Friday, Saturday, Sunday
October 5-6-7th

Philadelphia Civic Center
Philadelphia, Pa.

~
PC79

FEATURING:

Major Exhibits
from the
Leading Companies
L J
Personal Computing College
with 80 Hours of
Free Seminars by the
Industry’s Leading Speakers
°
Major Emphasis
on
Software Exhibits
o
2nd Annual
Computer Music Festival
Bigger! Better!
®
Antique
Computing Devices
on Display
o
See All the Latest
Hardware
®
Business Systems
and
Business Software

i For more information and a
Don't be confused — Other shows are copying us but Free subscription to our "PERSONAL

they cannot equal us. We are the Qriginal Personal COMPUTING ™ newspaper, send
Computing Show Now in our Fourth Year. your name and address to:

PERSONAL COMPUTING 79

Rt. 1, Box 242 « Mays Landing, N.J. 08330 « 609/653-1188

Industry TRADE SHOW on October 4th
For exhibiting information please call or write.
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FFFF
AMS-80 Custom Area,
IfO (input/output) handlers, including VDB-4 software
FCO0
AMS-80 Standard Area
FOOO0
Floppy Disk ItO and Bootslrap Loader
EB0C
DFFF
4 K-Byte, Programmable-Memory Area for Buffers, elc.
DOCo
Video-Display Memory Area
CCo0
BFFF
16 K-Byte, Programmable Read-Only-Memory Area (preferably
maskable)
8000
User Programmable-Memory-Program Area
0100
Interrupt Service Area, Interfaces, etc.
0010
AMS-80 Programmable-Memory Links
0000

Table 3: Memory assignment map for the AMS-80.

The block can be used to contain
programs that execute in those loca-
tions, or copies of programs that ex-
ecute when moved to programmable
memory locations in low memory.
This is ideal for programs that need to
be executed in user memory, or for
storing programs as a backup to the
floppy disk unit in case it is not
available at a particular time or loca-
tion, such as a demonstration at a
computerfest,

Processor Technology's SOL soft-
ware is written to reside at hex-
adecimal C000. It can be placed in
that area if desired. The video display
programmable memory is located at
CC00. This makes it compatible with
Processor Technology and SSM.

A programmable memory area is
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assigned at hexadecimal D000. This
allows the stack to be located outside
of the main user area. The buffer
areas for cassette I/O can be located
in this area, as can any program-
mable memory-dependent software
that is required for your system.
AMS-80 is designed to automatically
locate the stack in an area of user
memory above the video block. It
also skips this area when a user pro-
gram asks for the top of user
memory. If no such block exists and
the video area is used, AMS-80 will
have to be customized to avoid the
video programmable memory area
during initialization.

The Processor
Any 5-100 bus processor card can

be used. Different cards have dif-
ferent features. Some have jump start
or bootstrap capability, some have
interrupt ports, and some have both.
Some are available already built, and
others as kits or blank boards.
Choose one that suits the needs of
your group.

Input/QOutput

You will need (and AMS-80 is con-
figured for) 4 classes of [/O (in-
put/output) devices, a console, a
high-speed data-input device
(reader), a high-speed data-output
device {(punch), and a high-speed,
ASCII output device (list). The
AMS-80 software allows 4 physical
devices to be assigned to each
category of [/O device. The
assignments are in software and may
be changed under program control.
Software is provided for a video-
display board (Cybercom) as well as
a Teletype interface. Audio tape is
chosen for off-line program and data
storage. A floppy disk drive can be
added at will.

All 1/0 operations are performed
on a single character basis, either in
or out. Kansas City Standard tones
have been chosen as the audio re-
cording standard. There is, however,
1 basic difference between the use of
paper and audio tape. Paper tape can
be stopped between punches or reads,
but audio tape cannot be efficiently
stopped. Thus, the audio cassette
routines contain “blocking” software
that stores the individual characters
in a user memory area {preferably
between hexadecimal D000 and E800,
as shown in table 3). This blocking
software is transparent to AMS-80.
Software is provided for all 1/0 to
the console or terminal, the punch,
reader, or list devices. The routines
are located within AMS-80 and are
called indirectly via a jump table as
shown in table 2. Routines are pro-
vided to ouput ASCIl data from
either the B or C register, allowing
existing commercial software to be
patched to operate via AMS-80 with
minimal changes. Routines are also
provided to output the contents of the
accumulator (8 bits) or the H/L
register pair (16 bits) in hexadecimal
code. Character input routines are
also provided. Most of the routines
are used within AMS-80.

There are 2 reserved /O ports
within the system. These are front






Pin# Signal

1 Chassis Ground

2 Data From Terminal To Computer

3 Data From Computer To Terminal

4 Control Line #1

5 Status Line #1

7 Signal Return (Ground)

8 Controi Line #2
10 + 18 V Supply

13 —18 V Supply

17 20 mA Current Loop { +), Terminal Te Computer
20 Status Line #2

23 20 mA Current Loop ( +), Compuier Ta Terminal
24 20 mA Current Loop (—). Terminal To Computer
25 20 mA Current Loop ( — ), Computer To Terminal

Note: This is a modified RS-232 Interface. Signal Levels are as follows:
Mark (Logic 1) = —3 Vto — 12V, Space (Logic 0) = +5Vto +12 V.

Table 4: Connections to the serial port interface connector.

1 Chassis Ground
2 Data Port 1 Status Bit
3 Data Port 1 Control Bit
4 Data Port 1 Bit 0 (LSB)
5 Data Port 1 Bit 1
6 Signal Return
7 Ground
8 N/IC
9 + 8 V Raw Power
10 Data Port 2 Bit 6
11 Data Port 2 Bit 7
12 Data Port 2 Status Bit
12 Data Port 2 Control Bit
14 Data Port 1 Bit 2
15 Data Port 1 Bit 3
18 Data Port 1 Bit 4
17 Data Port 1 Bit 5
18 Data Port 1 Bit 6
19 Data Port 1 Bit 7
20 Data Port 2 Bit 0
21 Data Port 2 Bit 1
22 Data Port 2 Bit 2
23 Data Port 2 Bit 3
24 Data Port 2 Bit 4
25 Data Port 2 Bit 5

NOTE: All voltage levels are transistor-transistor logic compatible. The Data Lines are com-
patible to the MITS convention. Port 1 is configured as an inpul port and port 2 as an
output port if bidirectional I/O port integrated circuits (such as §255s) are not used.

Table 5: Connections to the parallel port interface connector.

panel (FF) and interrupt control port
(FE). The front-panel address is used
for both displays and switches. FF
was chosen because of the simple
hardware needed to decode it (1
NAND gate), while FE was built into
the processor card utilized in the pro-
totype.

Some standardization of the hard-
ware is desirable in a group project.
This allows 1 person to check out
another person’s hardware. It also
allows different members of the
group to interconnect their equip-
ment for large demonstrations.

Interfaces come in 2 types: serial
and parallel. The following stan-
dards, which are slightly modified
versions of existing ones, are sug-
gested for the AMSAT-GOLEM-80
Project.
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Audio Signals

All audio signals from the com-
puter or interface boxes to and from
cassette recorders are via phono
plugs/sockets. The actual connectors
on the tape recorder may be anything
from miniature phone to DIN-type
connectors,

RF/Video Signals

BNC-type connectors should be
used to carry video to and from
monitors. The BNC connector is
small, quick to connect and discon-
nect, and readily available world-
wide.

Digital Signals

Digital signals come in 2 types:
serial and parallel. Both types of
interfaces should use 25-pin EIA-type

connectors. The chassis connector on
the computer will be female; the
chassis connector on the remote
device is male. Power can be fed
down the cable from the computer to
the remote device via the I/0 cable.
Having a female connection on the
hot lead reduces the probability of
short circuits. They can also be joined
together to make larger ones, without
the need for special adaptors. The
serial connector assignments are
based on the RS-232 interface. The
pin assignments are shown in table 4.
The parallel connector carries 1 input
and 1 output port (8 bits each), plus 1
pair of handshake signals. The signal
pins are compatible to the MITS
recommended ones. Power and
ground are fed down the cables, thus
the recommendation for fuses in the 3
DC voltage lines. The parallel port in-
terfaces are transistor-transistor logic
(TTL) level, the serial port RS-232
voltage levels (mark = negative,
space = positive). The pin assign-
ments are shown in table 5.

AMS-80

AMS-80 is a full, software-de-
bugging program. It also contains the
system [/0O drivers and utility
routines accessible via a jump table.
The jump table approach is utilized so
that user programs written using the
utility routines within AMS-80 will
not require reassembling, should a
subsequent version of AMS-80 be
released. The version that was
previously published (September
1976 BYTE) has undergone extensive
modifications and has been relocated
to the block of memory between hex-
adecimal FO00 and FF00. This allows
many existing programs written for
low, user memory area (such as MITS
BASIC) to be run through the [/O
drivers within AMS-80. It is thus
possible to run a program in BASIC
and have the ouput appear on the line
printer (list device) or the console at
will. The standard capacity existing
in AMS-80 is shown in table 1.

System Expansion

The modular design of the
AMSAT-GOLEM-80 system allows
for operability at all stages of con-
struction, once the initial stage is
reached. Since a great deal of money
is being spent, it would be encourag-
ing to see it perform as soon as possi-
ble. The initial stage, apart from the
processor power supply and bus,
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NeW

O Scelbi “6800” Software Gourmet Guide
& Cookbook Robert Findley $10.95

O Scelbi “8080” Software Gourmet Guide
& Cookbook Robert Findley $10.95

O Programming the 6502
Rodnay Zaks $11.95

(O 8080A/8085 Assembly Language
Programming Lance Leventhai  $9.50

[0 6800 Assembly Language Programming

Lance Leventhal $9.50
0 Z-80 Assembly Language Programming
Adam Osborne $9.50
[0 6502 Assembly Language Programming
Lance Leventhal $9.50
O Semiconductor Memory Data Book
Texas Instruments $5.00

O Tracer: A 6800 Debugging Program
Grappel & Hemenway $6.00

0 BarCode Loader Ken Budnick $2.00

O Tiny Assembler 6800 Version 3.1
Jack Emmerich $9.00
0 RAG6800ML: An M6800 Relocatable
Macro Assembler J. Hemenway $25.00

(J MONDEB: An Advanced M6800 Monitor

Debugger Don Peters $5.00
0 Editor/Assembler for 8080/8085 Based

Computers

W.J. Weller & W.T. Powers $14.95
O Practical Microcomputer Programming:

The Z-80 W.J. Weller $29.95
O LINK68: An M6800 Linking Loader

Grappel & Hemenway $8.00

BITS:.

Books to erase the impossible
25 Route 101 West, PO Box 428, Peterborough, NH 03458

CPU

O Microprocessor Lexicon, Acronyms and

Definitions  Sybex $2.95
O Microprocessor System Design

Edw. E. Klingman $22.50
[0 Basic Microprocessors and the 6800

Ron Bishop $11.95
O 8080A Bugbook Peter Rony $10.50
O Introduction to Microcomputers -

Vol. ll (& binder) Osborne & Assoc. $30.00
[0 6800 Programming for Logic Design

Osborne & Assoc. $9.50
0O Z-80 Programming for Logic Design

Osborne & Assoc. $9.50
(O 8080 Programming for Logic Design

Osborne & Assoc. $9.50
O CMOS Cookbook DonLancaster $10.50
O TTL Cookbook Don Lancaster $9.50
O Bipolar Microcomputer Components

Data Book Texas Instr. $4.70
O TTL Data Book, 2nd edition

Texas Instr. $7.50
O TTL Data Book, Supplement to

2nd edition Texas Instr. $1.25
O 9900 Family Systems Design and

Data Book Texas Instr. $9.95
O Designing with TTL Integrated Circuits

Texas Instr. $36.50
O Fundamentals and Applications of

Digital Logic Circuits SolLibes $7.95

(Postage $.75/item or $1.00 outside U.S. to a maximum postal charge of $3.00)

Name

Address

City. State Zip.

[1 Check enclosed [0 Master Charge
Card# Expires
Signature

O VISA

Total enclosed $ 182099
DIAL YOUR BANK CARD ORDERS

TOLL FREE 800-258-5477 (in N.H.924-3355)

1/0

O 6502 Applications Book

Rodnay Zaks $12.95
O IC Converter Cookbook

Walter Jung $13.95
O Microprocessor Interfacing Techniques

(2nd edition) Lesea and Zaks $13.95
O The Cheap Video Cookbook

Don Lancaster $5.95
O TV Typewriter Cookbook

Don Lancaster $9.95
O Introduction to Microcomputers -

Vol. lll (& binder) Osborne & Assoc. $20.00
O Active Filter Cookbook

Don Lancaster $14.95
O Linear Control Circuits Data Book

Texas Instr. $5.00
O Power Semiconductor Data Book

Texas Instr. $9.25
O iInterface Circuits Data Book

Texas Instr, $6.95
O Optoelectronics Data Book, 5th ed.

Texas Instr. $3.50
O Transistor and Diode Data Book

Texas Instr. $13.50
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Add Some Control
to Your Computer

An Output Port Tutorial

A virtually limitless number of
devices can be controlled through a
single output port using time multi-
plexing techniques. A series of 8-bit
bytes is fetched from a control buffer
in memory, and output through a
single port, On the receiving end, bus
buffers present the data to all the
devices in parallel, but unique strobes
are supplied to each device in turn, so
that it can latch its own data word.

This technique is particularly
useful if the devices are to be located
some distance from the computer.

Ken Barbier
POB 1042
Socorro NM 87801

The hardware shown in figure 1 has
been used to control devices over 50
feet from the computer without exotic
line drivers and receivers. Since
remote addresses for each device are
generated by the hardware, only 8
data lines and 1 strobe line are re-
quired. For maximum noise immu-
nity, shielded twisted pair cable
should be used.

Receive Hardware
In figure 1, 16 external devices
receive 1 8-bit byte apiece. Using the

Intel 8080, this block of data will be
transmitted in about 300 ,s. The
1/O(input/output) write strobe
accompanying the 1st byte triggers a
delay oneshot which, after allowing
more than enough time for the block
transmission, triggers a reset oneshot
which clears the remote address
counter, the 74160, This insures that
the next block of data will be routed
to the correct device in turn,

The remote address counter sup-
plies a 4-bit count to the 4-line-to-16-
line data selector, the 74154. As the

+5Y
USE SHIELDED,
ICla TWISTED CABLE 220 IC20
, \ 2PAIN_ , ,
WD— 7406 0"l — - & 7404 [>oe
1
TYPCAL ,], oV
OF EIGHT !
: ICIb 220 IC2b
1
3 4 n-—---= ) 3 4 .
o7[_>—=] ra0e - — . 7404 ety e [>or
ﬁl A
¢b <
1uf 215K 420pF 313K
+5v —+ —
14 18 6 7
ICic 220 Cext  Cext| 5Sms Cexr  Cexr 20068
______ DELAY DELAY
1owc-aoRs [ >—2 s A 3 ? ia 1c3a o2 Moa 1c3b zgf2
/l 74123 74123
| 8 |ie
2 CLEAR 4 aa[ o 62 i
1 o1 A (o] '—'{ > STBI
Number Type +5V Gnd :
caf? 221y | -
1C1 7406 14 7 ITC 4“[ 60 '7%5‘54 h
IC2 7404 14 7 2 2 ;
IC3 74123 SEE FIGURE oc ¢ 2 « TYPICAL
IC4 74160 16 8 " v t FOR 15
IC5 74154 24 12 oD D 3 ‘
[]
[]
s staie

Figure 1: The transmission circuitry is divided into 2 parts, the data transmission (DO through D7) and the address. The address is
decoded by a counter which determines which 1 of 16 devices is being used. The write strobe accompanying the data triggers a delay
oneshot (IC3a) which triggers a reset oneshot (IC3b)} which clears IC5, the remote address counter.
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RADIO SHACK COMPUTER OWNERS
TRS-80 MODEL I AND MODEL 11

TRS80

PRACTICAL APPLICATIONS
BUSINESS

GAMBLING ¢ GAMES
EDUCATION

PERSONAL FINANCE
BEGINNER'S CORNER

NEW PRODUCTS
SOFTWARE EXCHANGE
MARKET PLACE
QUESTIONS AND ANSWERS
PROGRAM PRINTOUTS

. ... AND MORE

MONTHLY
NEWSLETTER

PROGRAMS AND ARTICLES PUBLISHED IN OUR FIRST 12 ISSUES
INCLUDE THE FOLLOWING:

A COMPLETE INCOME TAX PROGRAM (LONG AND SHORT FORM)

INVENTORY CONTROL

STOCK MARKET ANALYSIS

WORD PROCESSING PROGRAM (FOR DISK OR CASSETTE)

LOWER CASE MODIFICATION FOR YOUR VIDEQ MONITOR OR PRINTER

PAYROILL (FEDERAL TAX WITHHOIL.DING PROGRAM)

EXTEND 16-DIGIT ACCURACY TO TRS-80 FUNCTIONS (SUCH AS

SQUARE ROQTS AND TRIGONOMETRIC FUNCTIONS)

NEW DISK DRIVES FOR YOUR TRS-80

PRINTER OPTIONS AVAILABLE FOR YOUR TRS 80

A HORSE SELECTION SYSTEM***ARITHMETIC TEACHER

COMPLETE MAILING LIST PROGRAMS (BOTH FOR DISK OR CASSETTE

SEQUENTIAL AND RANDOM ACCESS!

RANDOM SAMPLING***BAR GRAPH

CHECKBOOK MAINTENANCE PROGRAM

LEVEL It UPDATES***LEVEL Il INDEX

CREDIT CARD INFORMATION STORAGE FILE

BEGINNER'S GUIDE TO MACHINE LANGUAGE AND ASSEMBLY

LANGUAGE

LINE RENUMBERING

AND CASSETTE TIPS, PROGRAM HINTS, LATEST PRODUCTS
COMING SOON (GENERAL LEDGER, ACCOUNTS PAYABLE AND
RECEIVABLE, FORTRAN 80, FINANCIAL APPLICATIONS PACKAGE,
PROGRAMS FOR HOMEQWNERS, MERGE TWO PROGRAMS,
STATISTICAL AND MATHEMATICAL PROGRAMS (BOTH
ELEMENTARY AND ADVANCED) AND

FREE WORD PROCESSING PROGRAM (Cassette or Disk)

For writing letters, text, mailing lists, etc., with each new subscriptions or renewal.

{» LEVEL 1 RAM TEST -

Checks random access memory to ensure that all memory locations are working properly.

SEND FOR OUR 36 PAGE SOF TWARE CATALOG INCLUDING LISTINGS OF HUNDREDS OF TRS-80 PROGRAMS AVAILABLE
ON CASSETTE AND DISKETTE) $2 00 OR FREE WITH EACH SUBSCRIPTION OR SAMPLE ISSUE

LR N N N N N NN ssusace sssenssnvas 2400 0ds00essRcs eI IR IIRSRIRERIENERYN

COMPUTRGNICS!

Box 149 New Cily, New York 10856

ONE YEAR SUBSCRIPTION $24
TWO YEAR SUBSCRIPTION 48
SAMPLE OF LATEST ISSUE $4
START MY SUBSCRIPTION WITH ISSUE

{#1 - July 1978 e #7 - January 1979 e #12 - June 1979)

NEW SUBSCRIPTION RENEWAL

CREDIT CARD NUMBER

HOUR
24 aromn 2

(914) 425-1535

EXP. DATE

SIGNATURE

NAME

ADDRESS

o+ ADD $6/YEAR (CANADA, MEXICO) - ADD $12, YEAR AIR MAIL - OUTSIDE OF U.5.A,, CANADA & MEXICQ ***
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74160 advances its count on the rising
edge of its clock, it will initially
supply address O to the 74154 until
the trailing edge of the negative going
[/O write strobe. This same strobe is
the “data” supplied to the 74154, and
so will appear on each of the outputs
of the 74154 in turn, This constitutes
the 16 remote addresses.

For expansion, 1 additional counter
stage could be used to generate “first
16" and “second 16" control signals to
double the number of devices.

Driver Programs

The example shown in figure 1 is
for 16 devices. Every time we want to
output a control to any one device,
we must output all the control words.
OUCNT is an 8080 routine designed
to accomplish this (see listing 1). The
calling program first loads the correct
bit patterns into the correct buffer
words, then sets the flag at memory
location FLAG. This flag is used to
prevent needless outputting of the
controls. In a complex control pro-
gram, many segments of the oper-
ating system may need to change the
state of the devices at irregular inter-
vals. In such an implementation there
will be a fixed program cycle, with
many tasks called in turn to perform
their functions. At some point in the
cycle, time will be allotted to output
our controls. If no program segments
or tasks have called for any change in
the controls, it is not necessary to
transmit them, and the flag will not
be set. But when it is set, we will
transmit all the controls, after clear-
ing the flag,

Controlling Relays

Typical applications for this tech-
nique might include driving remote
displays, with 32-decimal digits being
transmitted, 2 per 8-bit byte. Or, as is
shown in figure 2, 8 relays can be
controlled by each 8-bit byte.

The simplified schematic of figure 2
shows a relay driver circuit capable of
controlling 8 relays. The 8 bits of data
are latched into the 74175s on the ris-
ing edge of the clock, so our negative
going strobe can be used as is. If lat-
ches such as the earlier 7475 are used,
the strobe would have to be inverted,
since the output of a 7475 follows the
input whenever the clock is high. In
either case, any relay whose corres-
ponding bit is not changed will re-
main in the previous state, as its cor-

198  September 1979 © BYTE Publications Inc

;OUTPUT CONTROLS
CONTR EQU XXXX

OUCNT: LDA FLAG
ANI OFFH
RZ
MV A,00
STA FLAG
LXI H,BUFFR
Mvi C.OFH
QUCNT: MOV AM
ouTt CONTR
INX H
DCR C
JNZ OUCN!1
RET
FLAG: DB 0
BUFFER: DS OFH

;QUTPUT PORT ADDRESS
:NEED ACTION?

;NO, RETURN
YES, CLEAR FLAG

\GET CONTROL BUFFER ADDRESS
'SET COUNTER
'GET CONTROL DATA BYTE

:INCREMENT ADDRESS
:DECREMENT COUNTER
{CONTINUE IF NOT DONE
;ELSE, RETURN

ACTION FLAG
;CONTROL BUFFER

Listing 1: 8080 assembler routine to output control signals to 1 of 16 devices, CONTR is
equated with the desired output port address.

responding latch is reloaded with the
same data as before. (The type of
NPN driver transistor will have to be
selected to match the current and
voltage requirements of the particular
relay used.)

Relay Control Program
Obviously, if we need to control 8

relays with 1 byte, we do not want to

change the state of all of the relays at

supply the subroutine with the
number (hexadecimal 0 thru F) of the
word in the buffer corresponding to
the relay driver board, and a relay
number (1 thru 8). We must also
specify whether we want to turn it on
or off. At the correct time, we put the
word number in register C, the relay
number in register E, and set register
A to 1 for on, or 0 for off, and call
CHGRY. The next time the operating

the same time. This complicates the system calls QUCNT, only our
software required slightly. In the 8080 5y
program shown in listing 2, a change
relay subroutine allows us to change
the state of 1 relay at a time. We must RELAY
coIL
IN9I4
4 e [ T
og [_> D 1) AN
o[> 2120 2Q 7—[:>
74175
oz [ > 2130 - sofe—o > RELAY
" " BRIVER
03 [ > O ek wpb—{ >
9
stem [ >
9

CLOCK

D4D 4

os [ > 5120

74175
pe [ > 213p 30
07 [_>— 340

20| >

Figure 2: A relay driver board capable of controlling 8 relays. The state of the relay, on
or off, is latched into the 74175 until a following strobe is received directing a change in

state.



DON'T UNDERESTIMATE

THE POWER
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- h H b k We are alrgady five years inlo a new industrial revoiution, the impact of which will
I n ls neW OO oval the First industrial revolution 111s basad on microetectronics
Technological advances and price reductions of microelectronic devices
have occurred at such an astounding rate, and trom such surprising .
sources, thal na one has been able 1o accurately predict 7 RUNNING

WILD
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whal will happen, ar whan $395

And in the weller of new technological developrnents,
ne one has paid attention ta 1he social impact of
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decade due to microelectronics shouwid not
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Will the coming years prove to be a dream
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Text continued from page 6:

The scope of the new homebrew design has now
expanded to include relatively high-speed serial R5-232C
communications among the homebrew node, the
Western Digital P-engine, the Able/60-Synclavier, and
other computers from time to time, | intend to use RS-
232C at 19.2 K bps as the communications discipline,
primarily for its universality. Today one can get almost
any computer with a standard 25-pin D connector set up
for the RS-232C discipline, at speeds ranging from a
lethargic 110 bps to a maximum of 19.2 K bps. This
upper-limit of speed is not exceptionally fast (about
1800 bytes per second is the equivalent in a useful mea-
sure), but the existence of these standard signal levels and
standard connectors argues for this kind of approach.

The diagram of figure 1 shows how the overall concep-
tion of the system stands at present. The homebrew 6809
simultaneously provides a facility to directly execute

Figure 1: How the 6809 homebrew computer fits into a bigger
system. The new 6809 computer will serve as a central com-
munications node for multiple computers involved in this per-
sonal system. At present 2 complete computer systems are
involved, with serial communications via the 6809 node, which
is the subject of this homebrewing series. The Able/60 has
several specialized peripherals which will be used for personal
research purposes, such as, high-speed 16 channel analog-to-
digital input conversion and a real-time clock with 1 ps reso-
lution. In this diagram, mass storage equipment is not shown,
but it is a part of each computer: the Able/60 computer includes
2 5-inch floppy drives, and 2 full-size floppy drives as its mass
storage complement. The P-Engine machine includes 2 double
density, standard-size floppy disk drives.

ORGAN MANUALS

[T (T

I TERMINAL

6809 code for experimental purposes, and a more per-
manently useful function of a common communications
node which can be the subject of various serial com-
munications strategies relative to the other processors.

Lest readers wonder, this is and remains a personal
computer, It is true that the system is getting a bit large
for one person to operate all of the terminal and music
keyboards simultaneously, yet it resides in my home
along with various other facilities of the complete com-
puter experimenter: electronics shop, woodworking
shop, and the beginnings of a machine shop.

This expanded conception of function for the home-
brew 6809 barely changes the hardware design details
originally conceived. The computer will have 16 K bytes
of memory to start, several terminal ports, several
parallel ports, and space for 4 K bytes of ultraviolet,
erasable read-only memory. The read-only memory will
contain the implementation of low-level, communi-
cations-monitor software and key parts of a reverse-
polish notation, stack-oriented, threaded interpretive
language. Remember that the conception of a homebrew
or commercial system made of modular components can
change considerably in detail as a result of time and
resources available.

As the system design develops from this initial inten-
tion, its actual detail may prove inconsistent with what 1
have conjectured thus far. Recognizing this starting
point, [ invite readers to follow in on a guided tour of the
current state of my thinking about this new, homebrew,
microprocessor system project. Let's see how the central
processor bus design comes out, what logic blocks will be
required, and let’s have some preliminary thoughts on the

TERMINAL

REAL TIME CLOCK
ADC'S - 16 CHANNELS

PARALLEL 170 SERtAL 10

WESTER DIGITAL

NEW ENGLAND P -ENGINE
) 01016 Music SYNCLAVIER | DIGITAL MACHINE
' MANUAL CHANNELS ——— - SPARE SERIAL CHANNELS
) AUDID {PREMIXED TO
TO STEREQ | MIXING STERED ABLE /80
l SYSTEW SYSTEM —_———
192 kbps 9 2 kbps
—_—— e e e e ——— e ase —~—~—R5-232C
o-8
MUSIC
CHANNELS
{PREMIXED -
[PREMIXED HOMEBREW 6809 - COMMUNICATIONS NODE
PARALLEL PARALLEL
FUTURE FUTURE
ALF PRODUCTS ELECTRONIC COLOR GRAPHICS
PLAYER PIAND DISPLAY
o8 INTERFACE PROCESSOR
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WANTED:

ASSISTANT
EDITOR

Job Opportunity

onComputing, BYTE's companion
magazine, 18 growing rapidly. We have an
immediate opening for the job of agsistant
editor of onComputing, a MeGraw-Hill
publication. This creative opportunity 3
offers the potential for growth in the A
exciting world of publishing.

Candidates for this position
should have a firm grounding in
personal computer hardware and
software, and should have the |
ability to write and edit clearly and \:
accurately. A technical degree and I
some journaligm experience are 'f'_\J
desirable but not mandatory._
onComputing covers the world of personal computing, but is
written in a less technical style than BYTE. It is aimed at the
beginner, professional person, student, and anyone interested in
learning more about personal computers.

onComputing is located in Psterborough NH, the heart of the
southern New Hampshirs vacation regicn. Conveniently located
90 minutes from Boston, Peterborough offere the bensfits of &
wide variety of cultural activities, plus the peaceful seclusion of
the country.

If this position sounds interesting, we'd like to hear {rom you.
Send your resume in confidence to Chris Morgan, Editor-in-Chief,
onComputing, 70 Main 8t, Peterborough NH 03468, or call (603)
924-7R17.

Time is of the essencel
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system make the only externally relevant state “normal
operation” if we can confine interrupt handling logic to
the processor card. Can this be done? The answer is
"yes”, if we define fixed read-only memory vectors for all
interrupts, and eliminate the need to decode interrupt
acknowledge externally for purposes of altering the inter-
rupt vector locations. Thus the backplane signal require-
ments have been further reduced to 7 lines, still allowing
the 3 originial interrupt lines to come out to the external
world off the central processor card.

Now let's examine the interrupt handling capabilities of
the processor. Of the 3 available interrupts, the fast inter-
rupt is the most general. The reason for this is that it only
stacks away the essentials of the processor state when
acknowledging the interruption with a branch through
the FIRQ vector location, hexadecimal address FFFé.
These essentials are the condition code, and the return
address. In contrast, the NMI and IRQ interrupts always
stack away the entire current contents of the central pro-
cessor’s set of registers. If we use the FIRQ signal for most
interrupt activity, then, when speed is needed, only those
registers which are used by the interrupt routine can be
stacked away using the multiple register push and pull
instructions, If the operation of the NMI or IRQ (ie: com-
plete protection) is required, the multiple register opera-
tion of push and pull can be extended to cover all the pro-
cessor registers using the proper “post-byte” which selects
registers.

What about devoting the FIRQ interrupt input to 8 dif-
ferent possible sources, using a concept of a software-
polled flag register and a parallel input port to prioritize
“who called”? This elminates 1 more line from the
original backplane signal requirements, while adding 8
interrupt lines labeled I0 through 17. We keep the NM1
and IRQ lines available for truely high-priority interrupt
signals which must go in directly without much software
decoding. Our result then is the final backplane signal set
listed in table 1, with this last set of additions shown in
shade (c). Two lines are left uncommitted at this stage, in
case an essential signal concept is omitted. One or more
interrupt lines (I0 through 17) can be sacrificed, if more
than 2 lines must be added due to some shortcomings.

With this general discussion of the system'’s backplane
complete, I will continue these notes next month with a
more detailed sketch of the system’s most important card:
the central processor module. Following this design
discussion, the final installment on the processor module
will be a short description of the detailed schematic as [
wire it.H

Articles Policy

BYTE is continually seeking quality manuscripts written by indi-
vidunls who are applying personal computer systems, designing
such systems, or who have knowledge whicl will prove useful to
our readers. For a more formal description of procedures and
requirements, potential authors should send a large (9 by 12 inch,
30.5 by 22.8 cm), self-addressed envelope, with 28 cents US postage
affixed, to BYTE Author’s Guide, 70 Main St, Peterborough NH
03458.

Articles which are accepted are purchased with a rate of up to $50
per magazine page, based on technical quality and suitability for
BYTE's readership, Each month, the authors of the two leading
articles in the reader poll (BYTE's Ongoing Monitor Box or
“BOMB") are presented with bonus checks of $100 and $50. Unso-
licited materials should be accompanied by full name and address,
as well as return postage.
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Belais’ Master Index to Computer Programs
in BASIC Gives You Access to $14,836.14
Worth of Computer Programs for Just $7.95!
Now Available Off-The-Shelf

You paid hundreds o5 even thausands of dollars
It your new mecrocompaler By now it may be
davning on you thal a $1,000 compuler with no
softwaie & jus! $1,000 worlh of scrap meta!

Bul computer programs cost money. [n a recent
survey of 1884 computer programs offered lor
sale In e top fhvee home computer magazines,
Ihe average pnce was found [o be $27.94. Whal a
ngroftt

You don'l need 1o spend hundrects of dollars lo
gel a oompiete lorary of programs for your commr
puter Thal s, you don't f you have Belas™ Master
index to Cornputer Programs i BASIC.

Belais' Master Index gnves reviews of 531 pro-
grams thal have appeared n 10 mapor home
compuler magaznes—ogiams that you can
fype nlo your computer for free!

This farge 8% x 11, 192page dreclory s
packed with information This & not (ust 2 simple
lishrg of article liles, but a complele reference
work!

Each BMI revew & complete—il has everything
you need 1o know aboul @ program. A briel index
e capsulres the review lor quck ralerence
Source miormaticon shows you wherg the program
can be lownd Any updates of corections are
shown 50 you know the program is accurale and
compiete The lext of the review gves you & full
descrpuon of whal the program does In addion,
the evew gves delaled technical nicrmation
aaut what hardware and software the program
needs Everything you need to know s nght al
your lngertips!

We dont peowde the progriam listngs them
salves, of cowse. Bul we oo lell you wheie you
can pick them yp—even ones thal appeared n
prni years ago

You don't hawve 1o be a prograrnming wazard 1
use Batas® Masier index That's because BMI Isis
orly fushed, readtonn programs m BASIC,
he easy-lo-use language enoyed by milions.

Even ¢ youre a master programmer, you'l
appreciate Befas’ Masler /ndex Why shve away
hours, days. of even weeks willing a program

when someone eise has probably already done
the work for you? These programs are workmg,
docurnented, and ready--go

Progriams Ike: Circuit Design,  Psychoanalysss,
PASCAL Compwer, Forrester's Workd Simutation,
and Color T.V. Tester. Never again vall you have
frouble answering (hat gueston. "But whal are
home compuiters good for?”

Then agan, Ihere's aways MONEY. Maybe you
haven't though of all the ways your “fun” com
puter couid fum cut a ittle of the green siufl for
you. Maybe you haven't—but a lot of other people
have, and they've wriflen up thexr Jeas lor you
1o use Bedais’ Master index lists dozens ol pio
grams thal you can use 10 sat up your own business

if you already have a business. Belais' Master
index has the programs 0 tum your home com
puter into a fultfledged business system General
ledger, biling, payroll, maiing lsls, word proces-
sing—no matter what type of business you have,
Belars' Master index has the programs you need,

All this and save $2.00, loo! The cover pnce of
Belais' Master index fo Computer Programs in
BASIC is $9.95. But because you're buying by mail
we don't have to pay a commission 10 a booksiore
So we're gong fo pass the savings along o you
Order now and you can get your copy of Belais®
Master index for st $7.95!

To order, witte you rame, address, and fhe
worcs “Belars’ Master Index” on a prece of paper.
Make o your check lor $7 95 plus $1 shipping
(Call resdents add 54¢ sales lax).

I you wan! 1o use your VISA or Master Charge
card, give the iolal for your order, your account
number, the expiration date of yaur card, and your
sigralure.

Send your order {0 Falcon Publishing
Dept T. 140 Rnerside Ave PO, Box 688 Ben
Lomond, CA 85005,

We absoiutely guarantee you'll tnd  Befais®
Master index one of the most uselul bocks on your
shell ! you're not completely satsfied, retum i
1o us within 30 days and we'll refund every cent
you paid You can'l lose, so order NOW!

Circle 198 on ingquiry card.

TRS-80 SOFTWARE

32K with 2 DISK DRIVES

PAYROLL SYSTEM............ $235
Includes: a) File Maintenance

b) Payday Entries

c) Earnings Record
Payroll Register
e) Write Pay Checks
f)  Write Other Checks

Handles up to 300 employees per diskette.
Automatically calculates FICA, FED. TAX,
UNEMPLOYMENT and much more.

ALSO AVAILABLE

ACCOUNTS RECEIVABLE...... $1956
ACCOUNTS PAYABLE ... $195
INVENTORY CONTROL with

BILLING & ACCT'S REC...... $550
MANUALS ........ $29.95/ea.
CUSTOM PROGRAMS & OTHERS

Al
1st Security Bank Bidg.
3306 W. Walnut, Suite 507
Garland, TX 75042
PHONE: (214} 272-3211

With money order or certified check, orders shipped within
24 hours.

Now learn the
electronics

of microprocessing.

Enjoy the challenge and
excitement ol learning about
microprocessing hardware — how
it lunclions and how o repair il —
by aclually building your own
equipmenl as you learn.

Heath H- Computer
and H-9 Video Terming

o =,

Malignal Technical School's Microcomputer Division offers Ihree such
learn-tiy-doing courses Ihal you can enjoy at home, in your spare hours. Each
combines clear, concise lessons with Heath and NTS-designed digital

equipmenl

—a combination our sludents tell us makes for “lively™ home study.

Find out more aboul Ihese valuabie NTS Microcomputer Courses. Send today
for our colorful 63-page calalog —il's FREE!
No obligation. No salesman will call. Approved for veteran training.

NATIONAL G52 SCHOOLS

TECHNICAL-TRADE TRAINING SINCE 1905

Clip And
Mail Today!

Resident and Home-Sludy Schools
4000 South Figuerca St , Los Angeles, Call 30037

r-----------------------1

I NATIONAL TECHNICAL SCHOOLS

4000 Soulh Figueroa Streel « Los Angeles. California 90037
Please rush your FREE 65-page color calalog

Dept. 217-039

Name
Address

Cily

Stale

2P

[ Check il interested in G.1. Bill information.
[ Check il interested ONLY in classroom training in Los Angeles.

L-----------------------J
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Circle 279 on inquiry card.

SRR

TRS-BO FUN GAMES
at NEW LOW COST

& CRAPS - all types play - no player fimit. . ... ..
& BIG SIX - 40 different number combo.. . . ... ..
BIO-RYTHM - different fram anyothers. . .. .. ...... .. ... .. .
PERPETUAL CALENDAR - from Christ to infinity . .. .... .. .. .

SAVE $4.80 -
Order all 4 Programs for only .

BLANK C-10 CASSETTES - Highest Quality 1-5
$1.30 ea; 6-10 $1.15 ea; 11-20 $1.05 ea;
over 20 $.95 ea. Any quanity only $.85 ea.

with erder of $19.00 for 4 games.

Dontho Scientific
P.0. Box 864, Mich. City, Ind, 46350

. DONTHO SCIENTIFIC
: P.0. Box 864 - Michigan City, Indians 46350
& Please ship the following:

% 1 CRAPS $6.95 O BIG SIX

. [0 BID-RYTHM $5.95 O CALENDAR
O ALL 4 PROGRAMS $19.00
% Blank C-10 Cassettes - Quantity

. NAME
- ADDRESS
CITY/STATE/ZIP

1 Chack

Complete money back guarantee. No questions. Personal checks accepted. We
trust you. All shipments made in 10 days.

O Money Order

Clrcla 101 on inquiry card,
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Circle 18 on inquiry card. Circle 327 on inquiry card.

I HR[‘_E[I g 6800 DEVELOPMENT SOFTWARE
RIU" ! An integrated applications development and execution system.

SDOS

- All devices interrupt-driven including typehead. Provides
device independent, byte addressable random files. Supports
any mixture of floppy or hard disk drives up to 2.5 billion bytes.
Sector read-ahead and buffer pool enhance application perfor-

-

A specially designed SF TACTICAL BATTLE GAME for mance. Flexible: Currently runs on 7 manufacturers’ systems,
vour PET, TRS-80 or APPLE Computer. ﬁsindg(}(l ditferent drive/controllers, including mini-floppies and
! ard disk.

The man called Sudden Smith watched the five blips on

his screen spread out to meet the enemy. Two freighters BASIC COMPILER

For speedy business applications. 10 digit BCD; random access

converted into something like battlewagons, powerful to variable size records; long variable names; formatted oul-
but slow, and three real cruisers: the most powerful group put; if-then-else; error trapping. Field proven for over 2 years.
of warships ever seen near the Promethean system — except EDIT
for the Stellar Union fleet opposing them. Everyone was A powerful text editor with change, delete, replace commands.
calling it Starfleet Orion, though it existed for only this Automatic display of modification or context changes; macro
day. It was life or death, and, after the object lesson on facilities for complex or repetitive editing.
the planet Spring, everyone knew it. ASM g | o . abel bol tabl

. nditi 5 ter . sym
STARFLEET ORION is a complete 2 player game system (215:153 ‘and tc?gsas—rfffaerr:nc:;r gfrgr aéfgsg-re?gree;c?; ex(:e;asivg
® rule book ® battle manual ® cassette arithmetic and listing control,
® ship control sheets  ® program listings 108
Includes 2 programs, 22 space ship types, and 12 playtested Single-step, multiple, real time breakpoints; memory dump;
scenarios. Game mechanics are extremely simple, but play multiple display modes. No special hardware needed
is exciting, challenging, and rich in detail. Specify PET (8K), Over 500 pages of documentation to match this proven soft-
TRS-80 (Level II, 16K), or APPLE II (16K & 32K) $19.95, ware.

Complete package: $760.00

Ask vour local dealer or send your check to:
Also (not including SDOS) available for SWTP, Exorcisor, 55B

Automated Simulations and MSI DOS.
E‘g’agme:;svz Write far free catalogue. Sizable distributor discounts.
.0. Box
Mountain View, CA. 94040 [ e— SOFTWARE DYNAMICS
) ’ 2111 W. Crescent Avenue, Suite G
California residents please add 6% sales tax = Anaheim, CA 92804

{714) 635-4760

‘TINY PASCAL

for TRS-80®
& NORTH STAR®

Now you too can have Pascal' The Chung/Yuen ‘Tiny' Pascal has
been specially designed for TR5-80 & North Star owners. The full
power & elegance of ‘Tiny’ Pascal is at your command Programs
written in ‘Tiny’ Pascal run at least 4 times faster than the same
program in BASIC! "Tiny’ Pascal 15 also a great way to learn
Pascal Programming, & fun too.

The minimum system requirements are' Level |1, 16K for TRS-80,
{no disk required) & 24K for North Star (specify density)

SOURCE TOO!

But most important, you also get source to ‘Tiny' Pascal written
in Pascal with each purchase! You can even compile the com- I

TRS-80 disk software

DISKETTE DATA BASE |DM-HiI 32K ¥
You can use it to maintain a data base & produce reports withaul any
pruarammmg. Define file parameters & report formats on-line. Features key
”iln 302? access, multi-keys, sort, select, field arith, audit fog. Aimost use up
all 3.

ACCOUNT manage client accounts & aceount receivable. Automatic billing &
transaction recording. Print invoices and reports. 32K req. 9

WORD PROCESSOR 16K B . $39
Our WORD-{II is the first word processor sgecmcally designed for TRS-80
that uses disk storage for text. Written in BASIC. No special hardware and
text limit. Use for letters, manuals & reparts.

MAILING LIST 16K 38
It lets Hvauu maintain data base and produce reports & labels sorted in any
field. Random access. 2-digit selection code used.

[NVENTORY 16K o N 339
While others use inefficient sequential file, we use 9-digit alphanumeric key
for fast on-line random access. Record has key, description, level. safety
(evel, order amt., unit cost & price, annual usage, location and vendor code.
Reports give order info, performance summary, etc.

KEY RANDOM-ACCESS UTIL 16K . $19
Lets you access a record h’ spemfym? a key. Features hashing, blocking,
buffering technique, auto 1/0 error relry, efc.

MICRO ARCHITECT
96 Dothan St.
Arlington, MA 02174

piler! (Requires 36K for North Star systems, & 32K, Level Il for
TRS-80) You can customize your own version, or just use it the
way it is

‘Tiny" Pascal is a subset of Standard Pascal & includes:

RECURSIVE PROCEDURE/FUNCTION, IF-THEN-ELSE,
REPEAT/UNTIL, 'PEEK & POKE", WHILE, CASE, & MORE!

(Plus full graphics for TRS-80 as well)
Also you can save & load programs.
You get all this & more, plus a user's manual for $40.00.

available from:

JUPERSOFY
P.O. Box 1628
Champaign, IL 61820
(217) 344-7596
vﬁ orders pre-paid, lllinois residents add 5% sales tax
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Low Cost Computer Assisted Instruction

APPILOT language is an Apple Il ver-
sion of the standard computer assisted
instruction (CAl) language, PILOT. Using
lesson files created by the APPILOT pro-
gram editor, APPILOT creates muiti-
media learning experiences with text,
graphics and sound. The student can in-
teract with APPILOT using both numbers
and words which APPILOT recognizes as
student input.

APPILOT conforms closely to the pro-
posed common PILOT standard, but it
incorporates features that fully use the
capabilities of the Apple |l computer.
Among these features are color graphics
commands, a musical minilanguage, and
disk commands for lesson segmentation
which give an effective lesson size up to
90 K bytes. APPILOT also links to the Ap-
ple’s integer BASIC to allow full calcu-
lation capacilies.

APPIIOT is available on tape and
disk, and is offered on Super Load tapes
and for those Apple owners who wish to
run prewritten APPILOT lessons. For
$17.95 the user can execute APPILOT
lessons on a 16 K byte Apple, using only
tape storage. Inciuded on the tape is the
interpreter and a demonstration [esson
about APPILOT. Also provided is a
documentation manual for running
APPILOT and for linking it with the
MUSE APPEN-I Text Editor, which may
be wused for creating and editing
APPILOT lessons.

For institutions that wish to write as
well as use APPILOT lessons, the

CP/M Text Editor

ED-80 is a text editor designed to
run under CP/M and derivative operating
systems on 8080, 8085, and Z-80 disk
based systems. A user’s manual of over
60 pages describes both implementation
and usage. ED-80 has a simple command
structure patterned after the University
of Maryland's editor for UNIVAC 1100s.
Over 50 commands are provided, includ-
ing forward or backward locate, change,
and find commands; insert, delete,
append, print, list, macro, case, scale,
tabset, and window commands; and get
and put commands for copying, moving,
merging, and duplicating edit files and
program libraries. An internal location
counter is  maintained for  dis-
playing with text, prompting for user
input, and for line positioning.

ED-80 provides a window approach
to text editing that is not hardware

dependent. Users may examine and edit
data through a one line window as it
is moved through the edit file. A window
command ailows instantaneous full
screen displays of both the current line
and surrounding lines, with forward
and backward scroiling.

Compatible with existing CP{M edit
files, ED-80 is available on an 8-inch
single density disk for $71. For further
information contact Software Develop-
ment and Training Inc, POB 4511,
Huntsville AL 35802.

Circle 568 on inguiry card.

APPILOT Edu-Disk converts a 32 K byte
Apple with disk into a complete CAl
system. The user can develop lessons,
store them on disk, and run them with
the APPILOT interpreter. The Edu-Disk
comes with interactive lessons that in-
struct the user on all aspects of the
APPILOT CAl development system. The
APPILOT Edu-Disk is being offered for
$49.95 which includes a detailed
documentation manual. For further in-
formation, contact MUSE, 7112 Dar-
lington Dr, Baltimore MD 21234,
Circle 565 on inquiry card,

214

Machine Language Programs for the
PET Computer

The $Y57171 and the SYS8181 are two
new machine language programs for the
PET 2001 computer. SYS7171 is a
machine language monitor which allows
a programmer or PET user to program in
machine language, or in BASIC, without
destruction of the monitor once it is
loaded. Programs may be saved, loaded
or rewritten yet SYS7171 remains coresi-
dent and undisturbed.

$Y58181 is a machine language re-
numbering program which requires only
1 K byte of programmable memory for
its operation. After it is loaded, the user
can load a BASIC program and it will be
renumbered in seconds.

SYS7171 sells for $29.71 and SYS8181
is priced at $18.71. For further informa-
tion, contact National Artificial In-
telligence Laboratory, POB F, Mobile AL
36601,

Circle 566 on \nquiry card.
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Word Processing Software System

Autoscribe is a professional word
processing system designed for the
business world. With Autoscribe, typed
text appears on a video terminal screen
as it will be printed, and corrections,
deletions or revisions can be made in
seconds. The finished document is typed
at hundreds of words per minute.
Letters, contracts and other documents
can be produced quickly on single page
or continuous form print-out. The ori-
ginal data is recorded and saved on the
user disk. Documents can be retrieved
instantly and reprinted as needed. No
computer language is needed. All in-
structions are in English., Autoscribe
software operates on Z-80 and 8080 sys-
tems utilizing North Star disk, a Soroc
or Hazeltine terminal and a letter quality
printer. For further information contact
MicroAge Wholesale, 1425 W 12th Place,
Tempe AZ 85281,

Circte 567 on inquiry card.

16-Digit Scientific Subroutine Package
for Microsoft Extended and Disk BASIC
Interpreters

DPFUN is a comprehensive 16-digit
precision scientific subroutine package
written for Microsoft extended and disk
BASIC intepreters, including TRS-80
Level Il BASIC. The 13 double-precision
exponential, logarithmic, trigonometric,
and inverse trigonometric functions pro-
vide a valuable utility for engineering
and scientific applications. DPFUN uses
truncated continued fraction algorithms
that result in easily entered code, fast
execution, and full exploitation of the
precision that is available in 64-bit
binary floating-paint notation. The com-
plete set of subroutines occupies approxi-
mately 2.5 K bytes.

The DPFUN source code only is
available for $10 postpaid. For further
information contact Miken Optical Co,
53 Abbett Av, Marristown N ) 07960,

Circle 569 on inquiry card.

Elementary Math Tapes for TRS-80

The Microcomputer Mathematics Pro-
gram K-8 consists of a set of tapes for
drill, practice and tutorial in addition,
subtraction, multiplication, division,
fractions, numeration and decimals for
kindergarten through 8th grade. The
tapes are programmed for use on a
Radic Shack Level 11 BASIC TRS-BO
microcomputer and 16 K bytes modified
memory. The teacher’'s manual gives an
overview of the program, suggests ways
to use the program, correlates the skills
to selected mathematics texts, and pro-
vides suggestions for individualizing
math instruction. One set of microcom-
puter Mathematics Program K-8 tapes in-
cluding the teacher’s manual is $995. For
further information, contact Foundation
for Quality Education Inc, 802 Mer-
chants State Bank Building, 5217 Ross
Av, Dallas TX 75206.

Circle 570 on inquiry card.
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Creative Software Introduces: Programs & Products for the TRS-80 (16K level )

Ly e oo :::,:,,‘Ju.,mww,,,_ NEW! A~ JOYSTICK interface o the TRS-80!
P oume e e e 2T [ Pl e kets onfone wong o ame one Do biied™ on feen A ™ ovstn ks
el N .
s b wmm - i Caere  mw withe o it atwnes o e TRS-80 Jovsne i nder e wirth hwe
o L, | mm
P h e e ::"‘m DDA adant I Y 1 5
- footd - ot PO st ponvet spspdy and et teons

LY 1 3 3 ' 5 i

R i S s me Onl $65.00

l: : :: vln-rlnulnnu :‘;::1‘- "".';.‘E': :::: -IOL’S"-("(S thenrobuld™ o Aran™ i each $125{}

© ENAL e . LA ki) L TR VI et 1

- 7 e o

Household Finance | & 11 $15.00 Household Utility 1 $12.00
Pout 1 taputs dotr omeac b honsebobd espaniitone. b adds apetates e ludes Codendar, Loars ane Bog or Kene Proaranes)
Cliasges on alebetes presonshe mipat nene Wetes data oo et g
Port I Heads dato topee Pronades oonthos i el suimane = of Household U‘[l.ty 2 $120(]

B b dhatin, stighe canvany sionsries ot igagpdi e spenedasg predie thnciudes Compotined Baevest Amorzatonnand Car Costs Prosguanisy

ALSO: New Programs for the PET:
PET Word Processor $75.00

Complele word processing eopobihtes mchubineg spp boaver o se
st searcby strmg change and many neher featines leond o enn
micere b word mocessors. Packoge mctudes both rest editor and
Bt tsatten ond regqumes 10K o 32K P

PET Space War Il $10.00
Famaostu real e achion® You e m complete control of the | oo
prase s yan Tend ol aliens Taosearch the anieerse forcadomzobh
Pemers Regquines the Creatve Sotiware singhs povstch for vhe PH

PET Road Race $10.00
Another greal machime langnage progran giees voua clwoee of thiee
eterent Trac ks as vou battke with vour opponent to nshe the race
e luddios ond shcks, autonmate gy conmters,and an clap=ed B clos

Moty ather Creative Software pnoducts are avardable tar The
PET and TRS 8O vour lose b deales daesi’'t carry Creative
Software prodin 1570 pragratmontorneion, wite dueethy To e
address bedow When placinsg an order please nate

Speaity comiputer & prograsts) Add ST shappanag tor each
proqgram ordercd, $2 50 1o oesin kontertoce. Caldonma resadents
add 6 VISA MASTERCHARGE accepred. Tnelude

Coard rnmber and enpisten dane

Creafive Software

P.0. BOX 4030, MOUNTAIN VIEW, CA 94040

sales s

showing e 1o lenths ol secotsds

Ler (JYIDS. GET YOU THROUGH THE TAX SEASON

— Standard and Master Tax Programs designed to prepare even the most complex returns,

— General Ledger and Payroli, working in conjunction with the tax programs to further simplify tax preparation.
— Tax Pacs used by individuals for at-home preparation.

— NEW for this year — Corporation Tax Programs.

CPAids

¢ Microcomputer software developed by CPA’s
e Used Nationally the past two years
s Available on North Star Basic and CP/M

For more details write:

Computer Tax Service ¢ 1640 Franklin Ave.
or contact the dealer nearest you:

Kent, Ohlo 44240

Alaska

UBIG

500 L St

Anchorage, Alaska 99501

Califarnia

Coast Computer Center
1685 Tustin Ave. #9
Cosl Mesa, Ca 52627

Computeriand
6840 La Cienga Blvd.
Inglewnod, Ca, 90302

Pro Data Grou
14522 Acacia
Tustin, Ca. 92680

Delaware

Computer Ease, Inc.
403 Mibltown Rd.
Wilminglon, De. 19808

Florida
Computers For You, Inc.
3608 W. Broward Blvd,

Fl. Lauderdale, Fla. 33312

Carcle 72 on inguiry card.

International Computer
Systems

2210 Ponce-de-Leon Bivd.

Coral Gables, Fla. 33134

MISA

478 NE 125th SI.

N Miami, Fla 33161

P & L Computers

2550 Palm Beach Lakes Blivd.
Suite 208

Wes| Palm Beach, Fla. 33409

Indiana

Computer Center of
South Bend

19819 Orchard S5t.

South Bend, In. 46837

lowa

Central Computer
1107 Airport Rd.
Ames, lowa 50010

Louisiana

Micro Business Systems
3823 Gilbert

Shreveport, La. 71104

Maryland

The Computer Workshop, Inc.

1776 Plaza
1776 East Jefferson
Rockville, MD. 20852

Michigan

United Microsystems Corp.
2601 South State St.

Ann Arbor, Ml, 48104

Minnesota

The Computer Room, Inc.
3528 Beau D'Rue Dr
Eagan, Mn. 55122

New Jorsey

Caomputerland of Morristown
2 Dehant St

Morristown, NJ 07960

Tax Ease
226 Avon Rd,
Cherry Hill, NJ 08034

New Mexico

Microsys Inc.

7800 Phoenix NE
Albuquerque, NM 87110

New Yark

The Computer Corner
200 Hamilton Ave.
White Plains, NY 10601
Micra Innovations

420 Lexington Ave.
NY, NY 10016

North Carolina

Byte Shop of Charlotte
6341 Albemarle Rd.
Charlotte, NC 28212

Cngs(gl Computer Co.
Jacksonville NC 28540

Computerland of Charlotte
3915 E. Independence Blvd.
Charlotte, NC 28205

Ohio

Belhel Compulers
1700 E. Main St.

Kent, Ohio 44240

Computer Tax Service

1840 Franklin Ave.

Kent, Chic 44240

Texas

Inleractive Computers
7620 Dashwood
Houston, Tx. 77036

Virgina

Command Syslems, Inc.
727 23rd 81 5.
Arlington, Va. 22202

WAshIn tan

noha Microsyslems
281 Tharndyke Ave. West
Seattle. WA 58199
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L00000000000400009 200 DPONORRER0ATIIOPREINN0N02

RAM CHIPS TRS-80. . . all business! !

«+ s With CP/M, CBASIC2,
& applications software

4044 TYPE CP/M OperatmﬂSystem (w/Editor, Assembler

ugger, Utilities & 6 manual'set) . . $15I]
: CBASICZ ompiler (w/manual) . . . .. ... 95
4K by 1 — 18-pin — 5V, 5% supply S DESPOOL Print Spooler (w/manual). .. ...... 75
- *Usbume & Assoc. PAYROLL W/COST
. ACCTNG .
premium quality ORAMdboargs May be 4{044 404}2|| USE\[HE%-E‘ Als\s\(l)cAé\LCECTS RECEWABLE & g
5257, 6641, or 9044, depending on manufacturer 2 *MNchnrna 2 Acenr CENERAT IERACER "W
have 4044 pinout and tmﬁng spgcs All guaranteed 30 : Usborne & Assoc. GENERAL LEDGER. . .. .. 250

days =CBASIC2 source programs; add $15 (each) for
) s applicable O & A book.

250 nsec. 450 nsec. APH - Self-administered Automated Patient

1-31 chips $7.50 $6.50 History. . ...... ..o i 175
32-63 6.50 5.50 2 DOWNLOAD - TR-80 (or other)
64-99 5.75 4.75 g CP/MtwoCPM......................
100-499 5.50 4.50 : %astzaépzr?lgrfm (source or oblect) transfer aver

= n

Circle Inquiry number for free newsletter. = Send 30¢ SASE for add’l. Software avail. (including
2 CP/M Users Group software) and FREE ""CP/M Primer.”

2 CA residents add 6% tax.  Visa, M/C,M/O,Check OK.

|
:
E
These are the same factory prime chips used in our S, ACCTNG ... ... .0, .. $260 g
z
il
E

Seattle Computer Products, Inc. : ( kg[\;@/@% NETU S (714) 8481922
1114 Industry Drive, Seattle, WA, 98188 IN,
(206) 575-1830 -3

BO41 NEWMAN AVENUE » SUITE Z0B = HUNTINGTON BEACH, CALIFORMIA 92647
§ 300

North Star* and
PASCAL Users:

MMike's

SORCERER*
SOFTWARE!

announces FOUR PROGRAMS ON CASSETTES

: # : : FASTGAMMON™ by Bob Christiansen. Thousands of people are already playing FAST-
Hard disk and 8" drive interfaces to North GAMMON on TRS-80 and Apple. Now it is ready for SORCERER. with the sharpest graphics

Star DOS and BASIC and PASCAL ever! Backgqmmon players love this machine language program thal provides a skiltul

opponenl. Eight-page instruction manual includes rules of backgammon. $10.95
PLOT by Vic Tolomei. Now Apple owners will be envious of how easy you can get good

graphics on your SORCERER . PLOT includes beth a super high resolution mode and a guick

TIMESHAR]NG low resolution mode. Both are accessible from your BASIC programs using simple com-

for the Horizon— mands, Hi-res & lo-res examples included on tape. §1485

2-80 DISASSEMBLER by Vic Tolomei. Decode machine language programs, including

-AdAn H H SORCERER'S monitor and ROM-PACs, with this Z-80 Disassembler written in BASIC. In-

lpterrupt_ drlven 4 bank SWltChan struction mode printf.; out machine code _and Zilog maemonics in standard formal. Or use

tlmQShaan SOftware; supports ::E?;ﬁ:l:l'? ellyw\:::c:o::nr::iﬂ;scl‘:;z:;?:g cr:::e :;:es?:n levels of play Hu!dinus'::frs
North Star DOS and BASIC and lantern, you wander through a maze trying to stay on the cght path and avoid pitlalis.
P ASC AL Aulomalic scoring tells you how good a pathfinder you are. $11.95

SOFTWARE INTEANALS MANUAL FOR THE SORCERER by Vic Tofomei. A must for
anyone writing sofiware for the SORCERER. Seven chapters: Intro to Machine

A Complete selection of business applica- Language, Devices & Ports, The Monitor, Cassette Interface, BASIC structure,
. . . Video & Graphics, The Keyboard. Indexed. Includes diagrams and software rou-
tion software is available for North Star* tines. 64 pages. 51435

svstems. QUALITY SOFTWARE

6660 Reseda Blvd., Suite 103, Reseda, CA. 91335
Telephone 24 hours, seven days a week: (213) 344-6539

Write or call for descriptive literature.

WHERE T0 GET IT: Ask your nearest Sorcerer dealer to see Quaifily Software's Sorcerer

* 3 b programs. Or, if you prefer, you may order directly from us. MasterCharge and Visa card-
MICI'O Mlke S, h:‘corporated halders may lelephone their orders and we will deduct$1from orders over $19 to compensate

905 South Buchanan * Amarillo, Texas 79101 » USA for phone charges. Or mail your order 10 the address above. California residents add 6% sales
(806) 372-3633 tax. Orders outside North America add $5 lor registered airmail, pay in U.S. currency.

* The rame "SOACERER" has been trademarked by Exidy, Inc.
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WE BUY USED PET, APPLE and TRS-80 COMPUTERS

$100 FREE ACCESSORIES
\ WITH 16K or 32K PET

‘.Q&S'— Terminal Package with 8K PETs
PET ACCESSORIES

S
"@ & AVE Commodere Dual Floppy Disk Drive $1295.00
= . 369 NEW! T/C 2001 Termine! Puackage lor the PET $69.00
' Second Cassette — trom Commaodare $95.

Commodore PET Service Kit $30.00
Beeper - Tells when tape 1s loaded $24.95
Petynia - Play music trgm PET $25.85
4K - Keyboard C $ 595 video Bufter - Attach anolner CRT $29.95
BK - Keyboara C $ 795 Combo - Peluma and Video Bulter $49.95
16K - Keyhoard 8 $ 995  Betsi 4-slot S-100 Motherboard $119.00
| 16K - Keyboard N $ 995 $.100 PET Inlerface was $269.00 SALE $99.00
32K - Keyboard C 31195 New Seral Printet Intertace for PET $70.85
32K - Keyboard 8 $1195 (niegral Dala Printer w new Inlerface $878.95
32K - Keyboarg N 81195  PET - Compatitile Selectric i Desk $895.00
C — calculalor kevboard (only version with tape deck) TTY KSR-33 Screen Printer lor PET m $385.00

B — Large Keyboard (graphics not on keys) Call for Availabitlly
N — large keyboard wih graphics symbols Oniginate Answerback Modem for PET $320.00
Used 8K PET wilh 80-day warranty $650 8.directional RS-232 Interfac $280.00

O-DAY FREE TRIAL

\-i:\ﬁﬁtmu

»T0O0 LOW TO ADVERTISE

Send for our

FREE Catalog

Hazeltine 1400

LIST SALE

SUPER SALE PRICE

Immediate Delivery — 2-Year Faclory Warranty

You may have seen the Hazeltine advertised at $850. You
may have seen it sale prices at $749 or even $699 but our
new price1s so low that we can’t even advertise it. Call us
toraquote Hurry we have a imited quaniity atthis price
The 8048-based Hazeltine 1400 has a 12 screen. 24 x 80
display. TTY-style keyboard. addressable cursor and
RS-232 1 0 trom 110 to 9600 baud

Hazeltine 1410 — $835

Adas a 12-key numeric keypadto the 14001or financial or
mathematical apphications. 2-year warranty

Hazeltine 1500 — $1069

omﬂc"

/ 200 FREE HCCESSOHIES

The new Apple )l wilh Applesoft BASIC duilt-int Elimu-
nates the need for a $200 Firmware Card and mcludes
new Autostart ROM for easy y This comb
wilh the FREE accessories from NCE could save you up
10 $400 on a 48K Apple li system!

Desktop Selectric-Based
Terntinal $319!

Super bargain while they last. A desktop terminal
based on an IBM Selectric typewriter for only $319
including gocumentation. These terminals were
originally designed For use with timesharing sys-
tems where top-quality printing was required. The
18M keyboard and printer are separated by a three
foot cable and each has its own enclosure {great for
custom installations). Serial R5-232 interface uses
PTTCinstead of ASCH codes $0 you will need to write a
conversion program twe have no ASCH interface for
this model). 14.8 ¢ps, 134.5 baud 13~ line length, pica.
Sold in  AS-IS" condition, cur warranty is Iimited to
repiacement of missing parts {we check all motors).

IN STOCK NOW

EVERY ITEM IN THIS ADVERTISEMENT IS IN STOCK
AND READY TO SHIP, EXCEPT WHERE NOTED.

SAVE UP TO 43% While they fast.
CENTRONICS PRINTERS

Returbished excellenl warking condition.
10 day return privilege ol course

16K Apple It Pius —$1195 {take $100in free accessones)
32K Apple !l Plus — 81345 (take $150in free accessories)
48K Apple Il Plus — $1495 (take $200 1n free accessornes)

Apple Il Accessorles
Centronics Ponter Interface
Disk and Controlier
Secand Disk Onve
Parailel Pninter Card
Communications Cara
Hi-Speed Senial Card
Fumware Card

Hobby Proto Card
Microverter RF Mod
Sanyo M2544 Recorder

APPLE Il PRINTER PACKAQGE $995

For thus low, low price. we choose & Centromics Impact
Printer and malch 1t up with an interface and cable for
your Appla |I. You save hundreds of dollars Limited
Quantitizs available,

P

9225
Call for Availability $595
$495

Call tor
Availability

$2

$195

$200
$24

90-DAY
SPEED WIDTH PRAINT WORKING WARARANTY

MODEL (/pm} (col's) MATRIX RRICE PRICE
700 13:90 132 5x7 660 1075
Cnaracter Elongatin
New 300 baud 700 254120 132 Sx7? 695 1175
Qnginate Answer Char Elong Eidrrechonal
Acoustic Coupler CAT 761 60 132 Tx? 695 1025

Looks good. works
greal and sale
priced at

Teleprinter Bigirechional

COUPLER “*Model 761 includes Keyboard

Full-capability terminal complete with 12 screan. 24 x
80 display. upper lower case dual intensily.
Hazeltine 1510 — $1195

Addihonal memory 1s added to provide butlered dala
entry operalions with editing capabilities

Hazeltine 1520 — $1489

Buflered tke the 1510 but 8 microprocessor has been
added to offer independent printer controt

CRT TERMINAL PRINTER PACKAGE

Hazeltine 1520 and a Centronics 761-5 tagather lor only
$2,295 The perfect work station for use with a buftered
communications system. Terminal operations and prini-
Ing may operate simullanecusly. * Refurbished

A4
FREE 14,6
SANYO ““%
MONITOR

when you buy the

SORCERER
$995

2-80 Processor ¢ Full-size keyboard « User delinable
characters « Up to 32K on-board RAM » Interchangeable
ROM PACs + 30 x 64 display » Resident 4k monitor ROM »
Dual Cassetle 1O « Senal and Parallet O » Complete
operalor’s manuai

Simply add a momitor and tape decks to compiele Ihe
system. Can be used as a terminal Microsoll BASIC
ROM PAC s standard NEW' Exidy Word Processing
ROM PAC now available which handles tabs. search
regplace. etc.. many different printars and can be used

NCE/CUmDUMart’ SANYO MONITOR

S-inch 15-in¢ch
99240. 5169 60 $279
SELLING COMPUTERS BY MAIL
SINCE 1971

125C¢ North Main Street, Depariment BY99
F.0. Box 8610 Ann Arbor, Michigan 48107

(313) 994-3200

= (@

‘Member:

Computer Dealers
Circle 283 on inquiry card.

your order without thesa.

subjectto change without notice

Association

IMPORTANT ORDERING INFORMATION
All orders must include 4% shipping snd handling. Michigan residents
must also add 4% for state sales tax. ANl foreign orders (except Canada)
need an additional 10% for shipping and handling. We cannot process

shipment — call for delivery quotation » Sorry, no €.0.D.
inthe Ann Arbor area? Hetail store open 11:00 a.m. to
Friday, 10:00 a.m.to 5:00 p.m. Saturdays

with cassefte or disk The most tlexible W:P system wa've
ever seen.

Sorceret 8K $995
Sorcerer 16K $1150
Sorcerar 32K $1395

Word Processing ROM PAC  Call for Availabitity $99

Phones open from 2:00 a.m. to 7:00 p.m. EST Monday-Friday, 10:00 a.m. to
5:00 p.m. Saturdays » P.0.'s accepted from D & B rated companies — ship-
ment contingent upon receipt of signed purchase order s

All prices
* Most items in stock for immediate
B X

3 p-m. Tuesday-
{Closed Sunday and Monday}
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Model 2500A
$-100

Wire Wrap
Board

*+ S100 BUS compatible

+ Double sided PC board

» Plaled thsu holes

* Petimeter ground

= All 5100 BUS signals tabeled
and numbered
Accommodates standard size
I sockets
4 10220 L ith

Mode! 7811A
Apple Il

Arithmetic

Processor

Based on AMD AMISTT de
vice

Fixed point 16 and 32 bit op-
eration

YOUR #1 SOURCE FOR

California Computer Systems
Available at HOBBY WORLD

Model 7470A
Apple |I

3% DAglt BCD
Converter

The 7470 allows conversion of a
DC voltage lo a l(‘D number (o1

Floating point 32 bit
Binary data formats

Add, subtsaci, multiply, and
divide

avaitable
Allaws sither positive or neg-
alive regulators

» Dense hale configuration

Cat No. 1600 $ 17.00

Model 2501A
5100
Solder Board

* 5700 BUS compalible
* Double sided PC board
* Plated l.hm Imlu
. :!"ﬂ:\l aus llgn.l.l; labeled
L] 100
and numbered

* Accommadates standard size
I sockets —
* & Jo-ht regulater tions.
avallable

. Mlom either posifive of neg-
ative regulaton

* Dense hale configuration

Cat No. 1604 5 .00

Model 2501A 5100
Mother Board

* 12 shot capability

* All 12 $:100 bus connectors in-
cluded

* Low inductance innercannect
1o reduce signal noise and
cromlalk
Active termination of all bus
lines to furiher reduce signal
noise and line reflections
Disiributed bypassing of all
power linea
Solder mash both sides of
board

Silkscreen of reference desig-
natinvs

Simple slnm{ koard mounti
Cnm US lines  bo

sides o
All holn plaled thru
* Solder plated circult area
Cal No. 1616 Kit $ 90.00
Cat Mo. 1615 ALT  $105.00

Model 2520A
$-100

Extender/
Term inator

ctive andior dynamic termr
Iulion
o Al power lines fused for pro-
ect!

tection

* Al 5100 lines labeled and
number:

* Can be used a1 an extendes
andfar terminator

® Soider mask both sides of
board

I
» Silkcreened reference desiy-
natlcos

pl ngers
Lat No. 2520 Kit $ 3795

BYTE September 1979

i i and inverse (-
gonometric funclions
Sqtﬁln loo'!u logarithms, es-

F'oal ln Ihed and fized tofloay
conversions

Stack oriented operand stor-
age
Programmed UO dau {ransfer
Eml signal selectable

and analy.
sis. Typical inputs would he DC
inputs from tempesature or pres.
sure ransdocers.
* Selectable interrupt an end of
conversion
* 20QUIS per conversian
—4 to +4 VOC full scale
Plus o¢ minus .05% nonlinear-

qu or minus T count quanti-
zation
Correctible offset error

. cocflicient ad

rwﬂ mtetrupl daisy chain
y cha

in
Ponet down ID
256 bytes firmware (ROM) or
lﬁm'e {RAM] space avail-

Cat No. 1635 £375.00
Model 7114A
ple Ii
Prom Module

Yhe 7114A PROM MODULE per-
mits the addilon or replacement
of the Apple 1) firmware without
the physicat removal of the Apple
1t ROMS. This allows soft-
warelfirmware replacement,

andlor patch to be made
on a ROM or BYTE BASIS. An
onboard enableidisable tnggle
switch i also available.

* BYTE oriented program over

¥

* Selectable prom overlay

* Power down of PROMS

* 14K PROM space available

* Uses +5 volt 2716 lype proms
* Allows use of DMAlintesrupl

daity chains

Cat No. 163t AAT $ 72.00
Cat No. 1630 Kit $ 62.00

Model 20168
lél( SIaIIc

* Fully mlit opeultcn
® Uses 2114 type stalic rams
. +l VOC inpul al less than 2

. lui ml«l available by bank
nd bank byte

blacks in 4K

L I:Indu can be located any-
where within 64K bank

* May be used as a 4K, 8K, 12K
o¢ 16K memory board

* Lled Indicalors for boardbank
active indication

¢ Solder mask on both sides of
board

* Silk screen with part and refer

ence designal

* Available fully assembled and
tested, 23 a kit or as a bare
board

Cat No.1601A Kit  450ns $285.00
Cat No.76018 Xit 20003 $340.00
Cat No.T602A ALY 45005 $330.00
Cat No.16025 AKY 200ns $385.00

jush
Calibulion adjustment
Input offset adjustment
Fluallng md @

sign indicalors
lnpumfe

Power down ROM

Sﬂp:‘m Interrupt daisy chain

All DMA daisy chain

256 byte firmware (ROM) ot

::lllwue {RAM} space avail-
e

€af No. 1621 Kit $115.00
Cal No. 1622 A&T 311500

ssascsar

Model 2200A

compati
* Indusirialcommercial quality
cm!mctbn
Flip-top co
Excelient mﬂm capabifity
12 slot capahility (uses model

25014)

fnput 105, 115, or 125 VAC
Qutput +8 VDC, 20A + - 16
VDC 4A

¢ Active teemination of all bus
lines

. :;n and circuit beeaker includ-

* Rugged conslruction

* All parts available separately

Cat No. 1612 Kit $330.00
Cat No. 1614 ALT  $375.00

Moggl Z%OA

Programmable

Timer Module

® Flerible external interface
patch area for custom inter.
face applications
Selectable pnsnle- on timer
3 capable of 4mhz input
Programmable intescupts
Readabie down counter indic-
ales counts to go to time-oul
Seleﬂabk gatlng' for frequen-

comparison

T nyn:hvonom external
clock and gateitrigger inputs
internally synchronized
Three maskable ocutpots to
patch area
Power down ROM
Suppacts interrupl daisy chain
Alfows DMA daisy chain
256 byle lirmware (ROM) or
u')’ll{wne {RAM) space avail-
able

Cal No. 1617 Kil
Cal No. 1618

$1335.00
$145.00

Apple Il
Model 7712A
Synchronous
erial

interface

Conforms 1o RS-232C [contip-
uration A 1]

Supports hall or full duplex
operation

DTE type configuration
faikale RS-231C operation
14 S5TD CLK rates SO-19.2K
HAUD plus EXT Ctk

BAUD rates dip switch select-

able
All BAUD rales aystal con
trolled

Pragrammable interrupts from
transmitier, receiver, and error
detection logic
Character SYNC by one or two
SYNC
Programmable SYNC code re
Rister
Standard synchronows signat
ing rate per RS-269ANST X1.3.
1976
Peripheralimodem  control
functions
Three bytes ol file buffering
on both tranumit and receive
date
78, of 9 bit tranamission
Optional odd, even, or no par-
ity bit
Parity, overrun, and overilow
status checks
Power down prom
256 bytes firmware (ROM) or
witware (RAM} space avait
able

& Supports interrupl dalsy chain

* Allows DMA dabsy chain

Cat No. 1627  Kiy 3 %0.00

ple Il
Model 7710A
Asynchronous
Serial

Inf

* Pasity, oversun. and framing
errone
Optional divide by 16 clock
mode

False start bit detection
Software programmable inter
tupls

Data double buflered

One or two sop bil operation
Power down PROM

256 byles firmwace (ROM) or
soltware (RAM) space avail
able

Supports inlerrupl dalsy chain
Allows DMA daisy chain
134.5 BAUD ava"able for sel-
ectric interface

Conforms to RS-232C {config:
uration A thru E|

Supports hall or full duptes
operation

DLR type interface

Faikafe R5-232C  operation
14 STD CLK rates 30-319.2K
BAUD plus EXT CLK

BAUD rates dip switch selec
able

1
All BAUD rates crysial con
trolled except EXT
B and 2 bit transmission
Optional even, odd, and na
parity bit
Programmable conirol regis-
ter

Cat No. 1624  ALT 514500

Kit $ 90.00

Model 7720A

Apple il
Parallel
Interface

Two bi-directional 8 bit buses
for interface 1o peripherals
Tow programmable conirol
1ers

Twe programmable data dir-
ecliun regislers
Four individually controlled
inlenupl inpul lines; lwo use-
able as peripheral control cul
puls
Handshabe control logic far
input and outpul penpheral
operation
High impedance 3 state and
direcl bramsistor drive phetk
pheral lines
Programmable inlermupls
CMOS§ drive capabilily on side
A petipheral tines
2 TTL drive capabltily on alb A
and 8 side buliees
Powh down ROM

E'pmh interrupt daisy chain

ws BMA daisy chain

255 byles lirmware (ROM] ar
software (RAM) space avail-
able

Cat No. 1633 AAT  $105.00
Catl No. 1632 Kit % 62.00

Model 7500A
Apple Il
Wire Wrap
Board

The 75004 is used {or the

protolyping or bullding ol unique
circuits for the Apple it
camputer.

* All bus signals labeied on
board

® Perimeter ground
. Sm 7 long t 2.7% inch

. A‘f I holes plated theu
* Gold plated conecior lmun
Cat No, 1606 o.00

Model 751OA
Apple Il
Soider Board

The 75104 is the same a3 the
7500A excepl i i designed for
soldering of circuits.

€Cal Na. 1607 5 1900

Model 75904
Apple |l
Eich Board

The 75904 is & two sided copper
board which alfows the aclual
etching of circuits for vse in (he
Apple |l computer.

Cat No. 1508 $ 19.00

Model 75204
Apple Il

Exiender
Board

The 75204 h a handy Icol
when debugging or teating
modules in the Apple 1).

Cat No. 1871 %41 $ 2400

19511 BUSINESS CENTER DRIVE

Circle 170 on inquiry card.
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WORLD

COMPUTER ELECTRONICS

SOFTWARE CASSETTES
SOFTWARE CASSETTES

Star Trek i

The maost aciunced ver-
sion we' ve uen

TRS-80 L2,

v, 643 %5a.05

Backgammon

You play ains( the com-
! Ws hints on
elc Extremely

0 $-80 12-16K
al No 1481 $10.95

Sargon Chess

Winner of all tournaments!
[ levels ol plav, excellent

[Ty

Cat No 1693 519
of No. 1317 $19.95

Tarot

'Excellenl gup:mizs, {righ-

enm accurate
edo U 4K

Cal No. 1N2 $5.95

Air Raid

An arcade type real time

&arm.- of target practice.
xcellent Graphiu

TRS-80 L1/12 4

Cat No. 1186 S‘Il 95

Microchess
Graphic Chesshoard with
3 levels of play.

TRS-80 L1/ 4K

Cat No. 1182 $19.95

fe N
Caf No. 1183 $19.95

Daily Biorhythm
Plois a 31 day graph cen-
on the day you

C
S-80 L1/2
Cal No. 1051 $5.95

Fortran Plus

L; Microsoft! For TRS-80
with 32K and single

Cll ‘No. 1341 $340

Beat the House

4 Casino games: Black-
jack, roulette, craps, slot
machine. Excellent simu-

lation.

TRS-80 L2, 16K
Cat No. 1347 $14.95

le 11, 16K
PR 1388 5195

Level lil Basic

Gives your TRS-80 the
rower of a full size sys-
em. Disk commands, a
vlnced :lmg etc.

RS- K
CioNo. a2 ses

Bridge Challenger

You and dummy play

against the computer in

re'ﬁ.ular contract bridge.
2Ff you or comp sels

i

TESM L2, 16K

Cat No. 1195 $14.95

Apple 16K
Ca'?No. 1196 $14.95
Machine

Language Monitor

Aliows You to interact dir-
with the TRS-80 at
mac‘ni language level.

11._&9 manual

Cat No. 1048 $23.95
Electric Pencil

The famous word proces-
?of for the TRS-OO L/12

6K

Cat No. 1338 $95
L2 diskette version
Cat No. 1338D $145

Available at
HOBBY WORLD

Price Cat No.

Mg4 Iul 2MH1]$M

(IMHZL $132
b $26

PB1 kit

wltulml

MBAA kit

MBBA a&t

$74
$26
$10

Connector for

x81

€B-1 kit $119

VERBATIM
5 Disketles

$27 box of 10
4 boxes for 5100
Cay No. Type Use
1147 Solt secior TRS-80, Agple

1148 Hard, 10 hole Worth Star
1149 Hard, 16 bk  Miropalis

8” Disks
$37 box of 10

3 boxes for S100

* [Bid compalible
» Single deg:n'
s [ndividually ceruhed

Cat No. 1145 Type 32-1000
Description
32 sector hales, 1-Index hole

Cat No. 1146 Type 34-1000
interchangeable with 1BM32,
3740, 3770, 3790, elc.

EDGE
CONNECTORS
s Cold plated

Descripiion
S~;I'OD lmsai type, Scider-

Cat No.1376  Price $4.00
S.100, Imsai type, wire-
wrap

Cat No. 1428  Price $4.25
ir»-mn, Altair-type, solder-
a

Cat No.1388  Price $4.00
86-pin  Motorola type,

wirewrap
Cat No.138%  Price $2.50

Ribbon Cable
CLEARANCE
SALE

eFlat stvle, 28AWG
*Order by Cat No. 1167
& conductors
Cond.

IC Sockets
Penny—A -Pin

e Texas lnsfruments
* Solder tad
* Package quantites only

]
2EXuvueny
BRuRELEEE

CALL TOLL FREE:
(800)-423-5387

CA, Hi, AK:
(213) 886-9200

from Novation

CAT Acoustic
—

y l.m your computer talk
o other mmpufers aver
snnd.ml telephone lines.
Also _communicates with
any Bell 103 compaluble
modem. Designed specili-
cally for small computers!
Fully assembled and tes-

Cat No. 1480

* For TRS-80, Apple, etc.

9195

Anadex Alphanumeric Printer
s, 5 ® For TRS-80, Apple, etc.

Fellures 80 columns, 84
lines per minute, super
hl;h reliabllity, 9 x 7
aracler {on é Completely
f containe
rminals or ls a sland
a e prinier. Prints com-
Flele character ASCH
Complele with inter-
face for RS232C and
20/60mA current loop
mode. Also Centronics lus' dozens of other fea-
plulg compatible interface ures found oaly in prin-
hich accepts data in a ters costing twice as
parallel bit, serial char- much.

Cat No, 1342 DPB8000 Printer $925

TRS-80 Adapter Cable $40

3000 sheets 1- par! paper 331 50
Cat No. 1457 1500 sets 2-part  paper $40.50
Cat No. 1458 1000 sets 3-part paper $40.50

acter synchronous form.
Pro;nmmable baud rate,

RECTIFIERS & BRIDGES

Order by Cat No, Voltage, and Current

1A 3A  T2A 35A 2A 6A 25A
. RECT. RECT. RECT. BRIDGE BRIDGE BRIDGE

#1002 #1391 #1392 $1003 #1004 #1034

.36 80 .30 .50 1.20

.50 . 45 .65 1.50

.80 2.00

Matchless Systems - Tl?_S-BO
Minidisk Drive

Accesses Iwice as fast as cables. Completely assem-
the Radio Shack drive, bled and tested, ready to
plus oifers 40 tracks as plug in and go! Simple
opposed to 35! Includes modification to use as
case, power supply, and second drive!

Cat No. 1375 MINIDISK

DRIVE $395
$395 Cat No. 1396 4 DRIVE
EXPANSION CABLE $40
Cat No. 1147 Verbatim Diskettes
for above - box of 10 for $27

Send for Pay by check, COD, Visa,
A?slercharge Order
FREE p nne or mail. Mini-
mum D *
C ATAI.OG include phone number and
magazine/issue gou are
. ring from, dd
I eOfUI Il IQ. |g mg(hmdllng
The best selection of com-
uler accessories ad -ons. OREldN Add. 33 for
r aclory fresh IC's , surface, $6 for air. CoD’s
semi’s, software BC aids $1 add’tl. Guaranteed sal-
romtypmg aids ’ isfaction for 120 days or
rm equipment, vnd more! your money back! Not l'e-
Always updated 7"9,,,,,, spon!lblt for "'m"""&
of hew products  every nghl to Ilmil quantities.

Dept. B9 NORTHRIDGE, CA 91324

Circle 170 on inquiry card.
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=
J CALIFORNIA COMPUTER SYSTEMS
18 RAM BOARD Fully bulfered addressable in 4K
blocks. IEEE standard Tor bank addressmg 2114’
PCED ...526.95
Kil 450NSEC . . . .§259.95
PT-1 PROTO BOARD. Over 2,600 hole: 4" regu-
laters. All S-100 buss lunclions labeled, gold lingers.
ACBD .$25.95
PT-2 PROTO BOARD. Similar to #T-1 excepl set-

up lo handle solder lail sockets.
PCBD . . . $25.95

==

FORMERLY CYBERCOM/SOLID STATE MSIC.
PB-1 27084 2716 Programming Beard with provisicns
far 4K or 8K EPROM. No exlernal supphes ragquire
lextonl sockets. Kil . .$124,95
C8-1 8080 Processor Board ZK ol PHOM 256 BYTE
RAM power onfrest Vector Jump Parallel porl with
stalus KRt .. . $119.00 0.95
MB-8B Basic BKXE ram wses 2102 type rams, S-100
buss. Kit 450 NSEC  .$139.95 PCBRD.. .. $26.95
MB-7 16KX8, Stalic RAM uses u,P41D Prulectlon
fully bulfered .$299
MB-8A 2708 EROM Board, 5100. ast or 1GKNE
kil without PROMS $75.00 . PUBD $28.95
MB-9 4KX8 RAM/PROM Board uses 2112 AAMS or
825128 PROM kit wilhout RAMS or PROMS $72.00
10.2 5-100 8 bit parallel /1O port, 33 of boards is for
kludging. Kit ... $46.00 PCBD......... $26.95
10-4 Two serial [f/Q ports with full bandshaking
20/6C ma current loop: Two paraltel 1fQ ports.
Kit .. . $130.00 PCBD.. ... .....3526.95
¥B-1B 64 x 16 video board, upper lower case Greek,
compos:le and parallel videos with soltware, 5-100.
Kit . $125.00 PCBD... . .526.95
Allanr Cornpallble Meolher Board, 11 x11'fz x% .
Board only . .$39.85. With 15 conneclors..... $34.95
Exiended Board full size. Board only ..

With connactor - $13.45
5P-1 Synlhesizer Board 00
PCBD... ... 542,95 KIT $135.95

(WmMCL/;,.. WAMECO INC.

FDG-1 FLOPPY CONTROLLER BOARD will drive
shugart, pertek, remic 5° & 8" drives up to 8 drives,
on board PROM wilh power boo! up, will operate
with CPM {not inciudedr

PCBD e $42.95
FPB-1 Frant Pansl. I'MSAI size, hex displays. Byle,
or instruction smgre step.

PCBD . . . et e e e $47.50

MEM-1 Bsz fully buﬂered s 100 uses 2102 type
rams, PCBOD . ... .

aM-12 MOTHER BOARD, 13 slot, lermmated S 100
board anly .. 4.95
CPU-1 EOBOA F'mcessor board S-100 wilh 8 lavel
vector interrupl PCBD .. . e $26.95
RATC-1 Resitime clock board Twe indepandenl In-
lerrupts. Sofiware programmable. PCBD . ... $23.95

EPM-1 11024 4K Eprom card PCBD . $25.95
EFPM-2 2708/ 2716 16K/32K
EFROM CARD PCBD . $25.95

QM-8 MOTHER BOARD, Shorl Version of QM-12,
B Slots PCBD .. .. $30.95
MEM-2 16K x 8 Fully Buffered

2114 Board PCBD .

5101-BP

2114 {450 NS low p .
2114 (250 NS) low PW.. - 7.89
B224 . . 349 2102A-2L ... ....1.50
2708 . .. ... 949 2102440 | 1.20
5101-1p 690 4116 . 818995

MHK@@

{415) 592-1800
P.D. Box 424 = San Carlos, California 94070

Please send for IC, Xistar
and Compuler parts list

SEPT SPECIAL SALE
ON PREPAID ORDERS

{cherga cards not ingluded ea ihis oflar)

8KX8 RAM Fully buffered 450 NSEC.
2.5 amp typical assembled parts may

be unmarked or house numbered.
$99.99

MIKOS PARTS ASSORTMENT
WITH WAMECC AND CYBERCOM PCBDS
MEM-2 with MIKOS =7 16K ram

with L2114 450 NSEC $249.95
MEM-2 with MIKDS "13 16K ram
with L2114 250 NSEC $279.95

MEM1 with MIKOS #1 450 MSEC 8K

CPU‘I with MIKOS #2 B080A CPU
MEM-1 with MIKOS #3 250 NSEC BK

RAM .. $144.95
am- 12 \mth MIKOS #4 13 slot molher

board ... .. . .. $89.95
ATC-1 with MIKOS #5 real Ilme clock ........ $54.95
EMP.1 wilh MIKDS #10 4K 1702 less

EPAOMS .. $49.95
EPM-2 wilh MIKOS #ll 16 32K EPHDMS

less EPAOMS . . $59.95
QM-8 with MIKOS #12 9 slm rnother

board ... e $79.95
FPB.T with MIKOS 214 alr paris

{or front panel . . $134.95

MIKOS PARTS ASSORTMENTS ARE ALL FACTORY PRIME
PAATS, ®ITS INCLUDE ALL PARTS (ISTEDR AS REQUIRED
F}?g THE COMFLETE KIT LESS PARTS LISTED. ALL SOCKETS
INCLUOED,

¥iBA or MASTERCHARGE. Send accounl number, interbenk
nuimber, explratign dale and sign your order. Approx. postags
w(ll be ndded. Check or money ordos will ba senl pesl pald In
US. f you are nol & ragular customor, pleass use charge,
cashiar's chack or posial money ordar. Olharwlue Ihere will
ba B Iwe-waek dalay lor chocks lo clear, Calll, reaidenis add
&% tex. Monoy back 3 day guerantes. Wa cannot accepl re-
wrned IC'e (hal hava bean solderad 1o, Pricas eubject 1o
changs without nolice. 110 minlmum order, $1.50 service charge
on crders lsss than 10,00
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n 1 nu:c
T 14 pinm headaors

CTS 2068 alght potilion dig switch .

T35 2084 lour poaitien dip swisch. . . ., . . L5145
LIGHT ACTIVATED SCA'sto 1B 200V 1A. _$.70
SILICON S5OLAR CELLS

A dismaler AV aL ] AMP - o e a el

MMSBB"\A - CLOCK CHIPS - - . - b4

RS232 DB 25P male
CONNECTORS DB 255 lomale.

STRAND

END 359 0.0, 4" $.60 LED READOUTS | 223K 5V 3A ALCO MINIATURE TOH 'G

FCS 8024 2 tigh DLI04CA 3" 8 7o 303 . s MTA 106 SPOT

CC B anplay 36585 DL7A7Ca 6 3150 [ 723, L. .8 80 0T - 5, 8, WTA 216 DPOT
FRHGSD3CC 5" & B6 HPI4OD 800 $1.95 JmT- MTA 08 F.OPDT CENTER uFF
FND510C A s: 85 1ip340S A"CA  §195 6 MG | [ MED 208 P-DPOT CENTER OFF

5 12 or 15V
.. .5

OL 704 3" CC. LEVER SWITCH

SOLID STATE SALES

P.C. BQX 7a8
BOMENRYILLE MASS 02143 TEL M6 70 04T M43

WE SHIP OVER 95%
QOF OUR OADERS THE
DAY WE RECEIVE THEM

Tarma; FOB Cambridge, Mass Sl 7
Sand Chech or Money Order Tran

1455 Fe

Inchuds Poul
Ordat 55.00, C
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Circle 1 on Inquiry card.

e PET SPECIALS ust FREE*
FREE!itiosmar frrion ot sue prasncs ioyoars 599 413
T ——— 16K full size business keyboar

:‘,'?:.P}Sfl%ﬁms,f&f&'ﬁ PET 32N 32K full size graphics keyboard $1295 $170
ITEMS!! PET 32B 32K full size business keyboard $1295 $170

PET 188 16K small keyboard, integral cassette $ 995 $130
PET 328 32K small keyboard, integral cassette $1295 $170
PET 8K 8K small keyboard, integral cassette § 795 $100

KIM-1 $159 (aga s301or ower suppyy SYM-1  $222
BAS-1 Microsoft ROM Basic for SYM § 85
Memory Plus $199
SEA-16 New 16K Static RAM $325
Seawell Motherboard-4K RAM

$99

space
KTM-2 Synertek Keyboard and
Video Interface with Graphics

DISCOUNTS  pET 2022 Traclor Feed Printer
ON PET  pET 2023 Pressure Feed Printer

ASK ABOUT  PET 2040 Dusl Disk Drive — 343,000 bytes $290
EDUCATIONAL PET 20404 Single Disk Drive — 171,000 bytes  $ 895 8115 RAM 16 4MHz 16K Static 5-100  $270

$1295 $170 Capability

$ 995 $130

Write for PET Software List
Auto-Repeat Hardware for PET $ 2450

Word Processor for PET — Machine Language
version. Auto scroll, insert, delete, form letter append, etc.

8K Version § 2400 16K or 32K with disk $§ 95.00
* Amount of Fres Merchandise with Purchase of PET-CBM ltem.

$ 849 $110 2114 | 450ns 4K Stati .
e e PET C2N External Cassette Deck $ 95812 2716 EPROM (5 \’;o?tt)a ¢ RAM $$6 32
IEEE - RS232 Printer Adaptor for PET $ 79.50 6550 RAM (for PET 8K) $13.90
BETSI PET to S-1%0 In}:zrlfaceI E&Eéllotherboard 21132% WRITE FOR 6502 AND gggg \lyl'i;i:roprocessor Chip $ $g?g
PET Connectors- Parallel or . N )
- Cassette Port s 1g0  S-100 PRODUCT LIST 6520 PIA $10.50
Personal Information Management System— BOOK
Add $3 for PET program cassetle $ 8.90 ' Programming the 6502 ?Zaks) s 9.90
Protect-A-Pet dust cover . § 950 F H E E 6502 Applications Book (Zaks) $11.90
MICROCHESS for PET (Peter Jennings) $ 17.90 a 6500 Programming Manual (MOS) $ 6.50
PET 4 Voice Music Board (MTUK-1002-2) $ 49.00 Programming a Microcomputer:6502 $ 8.90
Music Software (K-1002-3C) for PET $1900 UPTOSI70 IN  oo0c e Comouters $ 590
CmC Word Processor program for PET $25.00 MERCHANDISE = — P -
Bridge Challenger program for PET $ 1350 3M “Scotch” 8 disks 10/831
Adventure 1 for 24K PET $ 795 B 3M “Scotch” 5” diskettes  SALE 10/§35
e Verbatim 5" diskettes 10/827
Tunnel Vision/Kat & Mouse-maze $ 795 Write | Ity pri
Graphics Utility Package for PET $ 13.50 (Write for quantity prices)
Stimulating Simulations-Book & PET tape  $ 13.50 Cassettes (all tapes guaranteed)
Kite Fight - 2 player action game $ 795 Premium quality, high output lownoise in 5

Minimum Order $10.00

AB computers Montgomeryvilie, PA 18936

screw housing with labels:
C-10 10/595 50/25.00 100/48.00
C-30 10/7.00 50/30.00 100/57.00

115-A E. Stump Road
{215) 699-8386

WAMECO

THE COMPLETE PC BOARD HOUSE
EVERYTHING FOR THE S-100 BUSS

* FPB-1 FRONT PANEL BOARD
Hex Displays, IMSAI Replaceable ...... $54.95

% FDC-1 FLOPPY DISC CONTROLLER BOARD
Controls up to 8 DisCS .....cococvieeeenen. $45.00

* MEM-1A 8K BYTE 2102 RAM Board ....$31.95
* MEM-2 16K BYTE 2114 RAM Board ....$31.95

% CPU-1 ‘8080A CPU Board
With Vector Interrupt ... .$31.95

* EPM-1 4K BYTE 1702A EPROM ........ -$29.95

* EPM-2 16K or 32K BYTE EPROM

2708 or 2176 interchangeable ............$30.00
* QMB-9 9 SLOT MOTHER BOARD

Terminated ........occoooiiieeeee .$35.00
* QMB-12 12 SLOT MOTHER BOARD

Terminated ... $40.00
% RTC REALTIME CLOCK

Programmable Interrupts ......... e -$27.95

FUTURE PRODUCTS: 80 CHARACTER VIDEO BOARD,
IO BOARD WITH CASSETTE INTERFACE.

DEALER INQUIRIES INVITED, UNIVERSITY DISCOUNTS AVAILABLE
AT YOUR LOCAL DEALER

WwWmce/; |
/ /Iﬂt’. WAMECO INC. 111 GLENN WAY #8, BELMONT, CA 94002  (415) 592-6141

Circle 387 on inquiry card.
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Computer Products

Rockwell AIM-85: The HMHIII‘!
in Microcomputers

AKIM-1 compatible machine with
on-boord printer and o reol key-
boardl

The Exidy
SORCERER

Fiexibilly is (he key. The Sorcerer Computer gives you the flexibility of using ready-10-
run, pre-packaged programs or doing your own thing and penonall:lng the pragrams for
yourssil. Which ever you choose. the Sorcerer is the p I thal sp your
langusge.

The Sorceres also provides full graphics clpablllies Esch characler, lormed by an8 1 §
dot cell. can be programmed as a ymbol sel. High i (512 x 240
addressable points) gives a tolal of 122 uo ¥ |1t for super and eax
tighi piotting curves. The alphanumeric set gives 64 x 30 characters on ihe video screen

$375.00 w/ 1K RAM
$450.00 w/4K ARM
4K assembler/ editor in AOM: $80
8K BASIKC in AOM: $100.00
Pouwser Supply: $59.95
Cose of AIM-65 $49.95

Special Package Price: $599. 00
AIM-65 (4K), Power Supply, Case, and 8K BASIC ROM

NOVATION AT ACOUSTIC MODEM

Feotures Include: 300 Baud

PART NUMBER: SYD-5018A
With 16K of memory .

PROTO BOARD

Includes gold plated

5.100 size. holds
7218 pin dips. sccomo-
dales all @ thru 40 pin dip

packages.
Reg -$1995 Specisl Price-

LEEDEX MONITOR
®* 12" Black ond White

* 12MNHZ Bandwidth

o Hendsoma Pilastic Cosc

$139.°°

TRS B0 APPLE-SORCERER TRS-80°APPL

JADE MEMORY
EXPANSION KITS For
TRS—80. Apple, & Exidy

4116%

Everything a person needs to
add 16K of memory. Chips
come neaily packaged with
easy to follow directions. In
minutes your machine is
ready for games and more
advanced software.

SD SYSTEMS
SBC-100
An $-100 single boara com
puter Z-80 CPU wilh 1024
Bytes o) RAM 810 32K byles
of PACM Senai | O port

. $1150.00

SD SYSTEMS
Z-80 STARTER WIT

Based on the poweriul I8
CPU, this kit s an I(deal
Inlvoducllo: ta mlcr;:.r:l;
cessors. |1 hes an on-
m’:” ksybosrd and dispsay. plus
HIGH QUALITY 13 INCH COLOR
MONITORI— Specielly matched for
use with the T1-99/4 console. Uses a
simple, sure hook-up.
Up TO 72Kk TOTAL MEMORY
CAPACTIY— 16K RAM, plus up to
26K ROM onboard, plus up to 30K
ROM In Ti's Solid Siate Software
Command Modules.
16-COLOR GRAPHICS CAPABIL-
ITY- Easy lo high resoluli
graphics have special lealures lhal
let you define your own characters,
crente animated displays, charls,
graphs, etc,
MUSIC AND SOUND EFFECTS—
Provides outstanding audio
capability. Build three-nole chords
and adjust requency, duration and
volume quickly and simply. You can
bulid notes with short, straightfor-
ward commands. Five full pclaves
from 110 Hz to beyond 40,000 Hz.
BUILT-IN EQUATION CALCULA-
TOR— Unique convenience feature
heips you lind quick solulions fo
everyday math problems, as well as
complex aclentilic catculations.

JADE SERIAL/PARALLEL I/0 BOARD

Features Include: S-100 Compatible ® Two serial 1/0 Ports using
software-programmabie UARTS B One gonorul purpose l-tchsd paralisl

1/0 Port ideal tor printer interface or

board “Kansas City” standard cassette lmertlco useable uplo 1200 Baud,
allowing storage of up to 130,000 bytes on a 30 minute sudio cassette.
Kit

Assembled and Tested

80n

g $189.00

casnaiie [spe inlerface and
cupansien pravisions for

wg $-100 canneclors. Thia
“Oo-il-ali” Bosrd will alsc
progum the 2716 2K

EPH
$249.95
.lnmblﬂ and Toid $399.95

PRICES
16pn2ip Dip
24 pin Zip Dip 11
40 pin Zip Dip 11

FEATURES INCLUDE A COLOR MONITOR,
164 RAM MEMORY, BASIC BUILT INTO THE
CONSOLE, BND TWIO COMPREHENSIVE MAN-
UAKS EASY FOR THE BEGINNER - CHALLENG —
ING FOR THE EXPERT.

Programs are sealed securely in SOLID STATE
SOFTWARE COMMAND MODULES. These AOM
packs scluafly add memory {0 the T1-99/4 so that the
consoly  memary can be utilized for user Inpul

The L] are pr ¥ ken down
ima lour areas: . 1) Home Mansgement/Personal

Fi 2) Ed 3) Entertal 4) BASIC.
SYO-8994A $1150.00

SYM-1  $245

Part Number.(PK-5002A

6502- BASED SINGLE BOARD COMPUTER WITH
KEYBOARD/DISPLAY,

KIM-1 HARDWARE

COMPATIBLE, COMPLETE DOCUMENTATION.

"THE NEW Z-80
CPU BOARD FROM JADE

Features Include: m S-100 Compalible, available in 2MHz or 4MHz
versions. @ On-board 2708, 2716, 2516, or 2532 EPAOM can be
addressed on any 1K. 2K, or 4K boundary, with power-on jump lo
EPROM. m On-board EPROM may be used in SHADOW mode,
allowing futl 64K RAM to be used. s Automatic MWRITE generation
it front panet is not used. # On-board USART tor synchronous or
asynchronous R$232 operation (on-board baud rate generator}.
Reverse-channel capability on USART allows use with bulfered
peripherals or devices with “not-ready” signal.

2MHz-
Kit: CPY-20200K. 2 lbs
| Assembled and Tested:
CP1}-30200A. 2 lbs -~

CPU-
$199.95
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BARE BOARD
302008....$40.00
$149.95

4 MMz~

Kit: CPU-30201K, 2 Ibs
Assembled and Tested
CPLU-30201A, 2 Ibs

$159.95
5$209.95

GRI KEYBOARDS

Fealures Include: Full 128 characier ASCll @
Trl-Mode Mos encoding » MOS/DTL/TTL
compatible output m Two-key roliover s Level
and pulse strobe m Shift and alpha lock s
Seleclable parity = Positive or Negative Logic
= All new OEM grade components a Gold
contact, low bounce keyswithces a Rugged G-
10 printed circull board w Custom 2 shot
molded keycaps @ Low power consumption
Oplional numeric pad avaliable m Custom
enclosures avsliable.

Model 7 ,

Assembled- KBA-30758A .
Model 753K (53 Key, Teletype Keyboard with
lower case)

Kit- KBA-30753K

Flnsu.ver/ Ongmote

$10.25

DB25- CONNECTORS
DB25P- CND1251
DB258- CND1252
0825C- CND1253 (Cover)
R5232 Speclal: DB25P, DB25S, pius Hood
only $6.50 (Part Number: CND- -1250)

Bell 103 Cornes

INSERTION FORCE

ZB0 (2MHz) ... ..., ...,
ZB0A (4MH2)

COP1B02CD .

es02 . .

$49.95
S0B0A SUPPORT DEVICES
a1z . k280
8214 .
8216 ... . e
prrald (2MH:)
8226 .

AYS5-1014A .
TR16020
TMSE01T .

P $2,

CHARACTER GENERATORS

2513 Upper (1-12+8) ..., ... .u 15

2513 Lower {1-1218) . . 38.78

2513 Upper (S volt) ...

2513 Lower {Swvolt) ... . ...
PROMS

STATIC RAMS
2114 (450n9)
2114 (300ns)
TMB4044/
MM5257(450ns)
TME4044/
MM5257(300na)
21L02 (450ns)

410D {200n0)

Circle 195 on inquiry card.
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PRICES GOOD IN THE UNITED STATES AND CANADA

THE PAPER TIGER |

B Up to 198 CPS $995.00

| 1.75" to 9.5" Adjustable Tractor Feed

B Parallel ond Serial interfoce

B 96 Character ASCI Set

® 132 columns- 6 or 8 lines/inch

B €ight soRwore selectable Choracter sizes

® 110, 300, 600, 1200 Baud Rate
FOR THE GRAPHIC OPTION WITH 2K, ADD $19900  Part Number: PAM-33440

MEM-2 DIP SWITCHES
Part

16 K Static RAM Board No. posltions 1.9
Kit. (450ns) $250 00 $WD-103 3 s$1.18 SWD-107 7
Kit. |250ns) $285 00 SWD-104 4 $1.20 SwD-108 8
Assembled- {450n1) $325 00 SWD-105 5 $1.24 SWD-108 9
Assembled- (250ns) $350 00 SWD-106 6 SWD-110 10

OYNAMIC RAM BOARDS

EXPANDABLE 70 64K
32K VERSION ¢ KITS

Jsey 4115 (BK w1, 250ns) Oynamuc
RAM's can pe expanded v BK
ncrements up to 32K

8K $159.95 24K 524995
16K $199.95 2K $299.95

64K VERSION ¢ KITS

MINI-DISK CABLE XIT To connect
iwo 5 1/4° dnves (o disk controlles
board. Conlains assemblied and testec
5 long signal cable with 34 pin edge
c s. Also judes cables and
connector for D.C power supply

WCA-3431K $3

8 DISK CABLEKIT Toconnecttwo8™

PLACE ORDERS TOLL FREE: 202621710 inside alfiomis

When visiting the Los Angeles area, visit JADE's retail store at 13340 S. Hauthorne Bivd. in the city of Hawthome

INTEGRAL DATA SYSTEMS MODEL 440 PRINTERE

THE PIGGY MAINFRAME

This slesk new mainframe is nestly trimmed to hold six S-100
boards, three minl-fioppy drives, and is avaliable in five colors. Power
requirements: 115/220 VAC, 50/60 HZ. Weight; 27 ibs. (with drives).
Dimensions: 21.375" Wide X 8.4" High X 15.875" Deep. Powdér Supply:
8 volts at 18 Amps unregulsted, + 16 voits sl 3 amps unreguiated, - 18
volits at 3 amps unregulated, + 5 volis at 3 smpe reguisted, + 12 volis at

3 amps regulated.
THE PIGGY IS HERE!

THE PIGGY (Wdnoul Dnves). ... $475.00
PART NUMBER: ENS-106320

SPeCIAL

5" Diskettes
$290 95/80ox of TEN
SPECIPY SOFT, 10, or 16 SECTOR

face with Sockets included.
it
Assembled & Tested

board)

disk dnves 1o edge-lype controlier
(e.g.. Versalloppy. Double-0)
Conlains assembled and lested signal
cable with connectors plus cable and
connectors for both A.C and D.C

1ces 4116 (16X x 1, 200ns) Dynamic
AM's, can be expanded 0 16K
ncrements up to 64K

16K $249.95 48K $469.95
2K $369.95 64K $569.95

STATIC RAM

power
WCA-5031K $38.45

8 DISK CABLE KIT: Same as WCA-

FLOPPY DISK
SPECIAL

INCLUDES: B Two Siemens/GS! 8~
Aoppy Disk Drives Ml Power Supply B
Jode Double Density Boord (Hit) B
CP/M™ Opercting System with Sasic
€ (CP/M Is o registered trademark of
Digital Research) 8@ Pockoge of 10
Blank 8" Diskettes (Double Density)
W Interface Cobles.

If purchased seperately this
padkoge woukd cost: $1544.05.

JADE SPeCIAL
$1225.00

L.S. Engineering
EPROM Eraser

DMA

Features Include: Erases
up to 48 I.C.a at a lime «
Uses popular (and readily
available 12* shortwave
UV bulbs) « Handsome
smoke-plastic case »
Includes bulb =

Just plug it in and you're
ready to gol

Kit

XME-3200, .... $39.95

Manual

8" SINGLE SIDE€, SINGLE DENSITY
$34.95/80ox of TEN

UNIVERSAL SYSTEM COMPATIBILITY
8 PROGRAMMED DATA TRANSFER -NO

® CONTROI S UP TO % DRIVES
® SOFIWARF SELECTABLE DENSITY

Qur new controller utilizes the IBM stundard
tormists tor proven reliability. -Data recovery is
enchaved through use of a phase-locked-loop
data seperation
precompensation. Single and double density
dinkettes can be mixed in the sume svsiem.

Assembled and Tested
10D-1200A, 2 ths. .. $299.95

I0D-1200K. 2 Ibs. .. 5249.95
Barc Board w Muanual
10D-1200B. 2 lbs. ... $55.00

10D-1200M. | Ib, ... $10.00

VB-18 VIDEO INTERFACE
$-100 Campatible Serial Intet-

$117.95%
$159.95
Bare Board w/manual $ 35.00

FLOPPY DISK INTERFACE
JADE FLOPPY DISK (Tarbell

JADEKIT ......... $190.00
Assembled & Tested $260.00

$.D. Computer Products
VERSA-FLOPPY

ot $159 9%
Assembled K Tested $239 00

5021K | controll d ot ) " "

— o e o et || THE JADE "DOUBLE-D o s DISK DRIVES

. e.g . tor Tarbell Controlier. /4 " MSM—155100 $285.00
Kits: ;:g:: :: 33:3? WCA-5032K $36.95 INTELLIGENT Single or double densily, up to 40
Assemnbied & Tested: SIGNAL CABLE ONLY: For one 5 1/4° DISH CONTROLLGR tracks, track to track access time

:gg’“ ::gg;g drive to edge type controller connector only 5ms.
Bare Board: _~___$25.00 (eg. TAS-80 1o Vista Dk Drvel. ] @ RIFAD WRITE IN SINGLE OR DOUBIE || mp) 852 5 1/4" Msm-155200 . $450.00
Y ‘b.lhg & Tested Same as Above. excepl lor two 5 l}l‘ l.)i‘\:rl |5,Y “ DRIVES Double head version of MPI BS1
ssemble ested: . -34 29.95 N : . "
230ms $733.00 drives WCAIINA 5 « CP M COMPATIBLE IN EITHER gz“g:'éf:.‘.?;’ HALIE
ns . DENSIHTY ’
250ns Kit $575.00 JADE ® ON-BOARD Zg0 CPU ALLOWS || Slemens FDD100-88" .. ... $495.00

quieter.

sided storage.
Shugsrt801R 8 " .........

citcuit and write
drive.

SYSTEM

JADE

ground plane assure &

Drve By Power One or Alpha Powet J:PE 6 Slot " 800 262 171
+5V al.7A, +12V st 1.9A .. $52.00 t.... ... . $49.95 - -

Assembled . $59.95 o =
PSD-205A For Single 8 Disk Duve | Bare Board $24.95 | INSIDE CALIFORNIA

By Power-One SV al1A SVal 5A

Asgembled . $149.95
.. $59.95

KIM 1 or 5¥M-t Power Supply

PSX. 0204 55995 ] Bare Board .

Circle 195 on inquiry card,

POWER ts0-aus g TAIDE ==
MOTHERBOARDS

SUPPUIES | sommnsmer s o Computer Products wasm

boards with & specis) [4901W. ROSECRANS AVE. HAWTHORNE, CALIFORNIA, 902

PSD 2494 Fora Single $ 1 4 Oisk | Silent operation ORDER TOLL FREE

CONTINENTAL U.S.
24V at 1 SA $89 95 | JADE 12 Siot WRITE FOR OUR FREE CATALOG

For Export information send for o JADE INTERNATIONAL CATALOG

FOI; TRS—80

800-421-5809

reguiator board. and compacl

Kit . $89.95 | Cash, checks, money orders, and credil cards accepted. The pacl case.
pED. 0 . V-8
e O o R Powar sy | Assembled $99.85 | Minimum order. $10.00, California residents add 6% sales tax. c-ucny.osa::'y'u?::. o eege:
1258 SVal SA 24V 2t Bare Board $3995 | Minimum shipping and handling charge: $2.50. Discounts plug in the cable. and it's ready 1o run,
Ha 512500 | e 18 S0t available at OEM quantities. Requires 16K, Level Il expantion
Rockwett Am-65 Power Supply i interiace.
PSx 0304 ssaasi Kit .. $129.95 PRICES SUBSECT TO CHANGE WITHOUT ARIOR NOTICE

BYTE September 1979

Shugart 801R replacement, Sihgleor
double density, runs cooler

Siemens FDD200-8 8" . .... $575.00
Double head version of FOD100-8
capabie ol double density, double

$575.00
Hard or soft sectored, 400K BYTE

e ————

PART NUMBER: M3M-350000
Includes disk drive. power supply,

Iinterface Cable .. $24.95
PART NUMPBER: WCA- 1A

snd
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COMMERCIAL GRADE PERIPHERALS FOR THE MICROCOMPUTE.

’/’”H’ S/

\

PRINTER
TERMINALS

TAPE DRIVES

MODEMS

sASCIl SELECTRIC PRINTER/TYPEWRITER: Why settte for less than
latter-quality printout from your computer? Refurbished I8BM Modal 725
can be used as off-line typewriter or on-line printer. Complete with solenaids,
power supply, case and ASCIl interface cord (TTL to CPU parallel port.)
intertace includes programmable ASCII transiation table on EPROM with up to
8 isbies for use with various type spheres, Feedback signals on completion of
each print cycle insures fastest printing speed {15 cps.)
Price: programmed w/3 translation tables {one typa sphere):
®SELECTRIC #/0 TERMINALS (by GTE/Information Systems), 8oth ASCII
& IBM code versions with microcomputer interface software & hardwsre (RS-
232 connector.) Cassette drive models permit up to 2400 baud data transier
rate as well as off-line data storage, use as memory typewriter, & use as data
antry device for office personnel familiar with Selectric typewriters but not
computers. Wide-carriage, interchangesble type spheres; optional bullt-in
modem. All units cleaned, adjusted & warranted.
Modes 5541 (IBM Correspondence code)
Model 5650 (corres. code, built-in cassette drive) X
Modsl 6560 (ASCII code, built-in cassette drivel, , , , . .. . ... $1285.00
sDIABLO MODEL 1560 “DAISY-WHEEL” TERMINAL: Refurbished
letter-quality terminal with Hytype | printer {30 cps), full ASCIl key-
board, RS-232 sarial prot, 110, 150, 300 baud, 768 char. print buffer,
software controlled graphics mode (1/60 in. spacing), built-in stand.
SHIP WT. 200 lb. Price, refurbished: ,........... $1896.00
oDIABLO HYTYPE | Model 1200 PRINTER MECHANISM: used, complate
and tested. Requires power supply, case & mCPU intarface. 15 day return
privilege — no other warranties. LIMITED QUANTITY!
—6' Ribbon cable & connectar for printer Main Logic PCB
—14pin Winchester connector & 18" power supply cable , , . . ... .. $5,.00
~*As-is” spare printer PCB's for parts (Logic, Heat Sink, Control): ea. $20.00
—Mew Pin-feed Platen {14"): $50 if bought w/printer; separatety .., $100.00

Full d tathon included PLUS interface instructions
where indicated., All aquipment is shipped insured FOB
Palo Aito within 14 days after check clears or COD

Palo Alto,
ardar is received. Prices may change without notica, S

NO RISK! 15 DAY APPROVAL ON ALL MAIL-OADERS

PACIFIC OFFICE SYSTEMS, INC.
918 Induntrisl Ave.

{415) 3213866

*POS 103/202 “MiIX or MATCH” MODEM: BELL 103 and/or BELL 202
FAEQUENCIES: Unigue POS control design permits use in one housing of
both Bellcompatible 103 (0 — 300 baud) snd 202 (0 — 1200 baud) modem
modules originally made by VADIC Corp. for a telephone company subsidiary.
FEATURES: HRS-232 serial interface, auto-answer, auto-disl, LED display,
telephane line interface via ic coupler, I DAA, or auta-answer
DAA (10ld separately.} FULLY ADJUSTED; no special tools required.
3,000 mile range over standard dial-up telephone lines.

~POS 103 MODEM (with Auto Answer, Auto Diall

~POS 202 MODEM (Half-Duplex with Reverse Channet)
—PQOS 202 MODEM (Halt-Duplex w/Rev. Ch,, Auto-Answer)
—POS 103/202 MODEM {Auto-Answer, Auto-Dial)

POS-100 NRZ1 TAPE DRIVE CONTROLLER/FORMATTER: Designed as
inzerface between S-100 bus mCPU and 9-track, 800 BPI, NR21 tape drive,
Allows microcomputerist to read and write |1BM-compatible %" mag tapes.

Software provided for 8080 or Z-80 systems. Requires modification for drives
of varicus mfrs.

Price: (Inctudes S-100 card, controller card, 10’ cable, software listing) . $750.00
aMRZ1 TAPE DRIVE by WILLARD LABS. 9-track, 800 BP1, NRZ1 format,
12"fsec., 1200 f1. reels (10 megabyte capacity) Fully tested and warranted $599.00
SCONVERT 15" 1BM OFFICE SELECTRIC TO 1O TYPEWRITER: Kit
includes assembled solenoids, switches, wire harness, magnet driver .PCB plus
instructions for installation and MmCPU interface . .....couceveennas $200.00
eDIGITAL CASSETTE DRIVE (from GTE/IS Terminal): 1800 baud, 6'/sec;
AC motor; fwdfrewnd circuitry plus tape head, no read/write slectronics $25.
SFORMS TRACTORS, Moore Variable width ““Form A-Liner” for print terminsls:
v -« - $76.00
biModel K81 for QUME or DIABLO Hytype | or 1] printers {new): , . . . $90.00
SPOWER SUPPLIES for Disk Drive, mCPU, tested under load shown:
—No. 519 (wifan & AC cord): +5V reg., +12V reg., +24V, @4A {10 1b.). .
—LAMBDA No. LMEES w/OV protect: +5V reg. @ 25A [351b.). . . . - . $69

Call or write for details, quantity prices, catalog, 15 day
return privilege PLUS 90 day no charge replacemant of
defective parts. All arders shipped from stock. No back

S a9 orders, no substitutions. M/C & VISA sccepted.

ProComp/New

IMSAI

And less

MICROMATION

Jpacials - Measurement
48K Dynamic

(617) 482-4450
120 Boyiston Street
4th Floor
Boston, MA/02116

== announces |IMNET ... (MSAI Multi.user NETwork Operating System)
True Microcomputer Networks....

Better than timeshared mini- or micro-systems....
expensive. Stop
Or write or call for our IMNET brochure.

10 Megabyte Winchester Disk, Integrated Video
Computer... $10,995. Other Micromation
Integrated Video Computer Systems from

- Micromation Doubler Disk Controller... $395.
Controls

Ao

Write, call or stop in (M-F 9-5;S 10-4) for our catalog
and Grand Opening Sale Price List,

England

and see for yourself,

$5995.

&
595.

ProComp/New England
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THE FIRST TO OFFER PRIME PRODUCTS TO THE HOBBY{ST
AT FAIR PRICES NOW LOWERS PRICES EVEN FURTHER!

— 1- PI'MI'I Mitv Factory tested products only, no re-tests

»

'®

\‘& or faliouts. Guaranteed money hack, We stand behind our EoﬂaEts
» =

o S 1979 CATALOG NOW AVAILA

Qg +) for your copy most complata catalog of computer producis. A must
“ o’ » ‘ for the serious computer usar.
APPLE/EXIDY/EXPANDO MICROPROCESSORS STATIC RAM HEADQUARTERS SOCKETS

TRS 80 16K-UPGRADE KIT Wooo. .. SEAL TR B e
* 16K wilh Jumpers & instructions 2804 et I 21007 4500 120 126 (15 thBaway 8 epnnt 2
for either Level | o Level Il _....$74.95 Fa 0 1898 | 21007250m 19 % s 2R B AT
2905, 0880 20ns 59885 *spenial TRE30, Schomatie ... § 408 non 58| HCOE - b S
ng. ns. . 3 matic. 80B0A 995 20 2 1 g
B oot otk soes” 2% | a8 e ee | RReEwiR ERIN
Bars Board wfall parts less mem, 99.95 80001 198 | 3114t 300ne e 19 A
901 1298 L3
S-100 10K [uses 2114) KiT {exp. to 32K} 901 1908 | «O4ce0didoons 895 g 19t | YTEXTOOL ZERO
ASSEMBLEID  iSore. 279.00 PET TO $-100 ADAPTER oo B8 ] Satisoey Shame. 130 31 413 { INSERTION FORCE
45008,  325.00 250ns. 289.00 Aflows Pet/TRS 80 to be inlerfaced lo 502 1150 | eamsescs T 228 25 | BOCKETS
250ns, 375,00 popular §-100 Bus. Wagion Be | Paee: Y8 R IR skn umuw
Sars Board 49.96 Pet 10 $-100 Kit .$189.95 00 ... R 1385 | wodiizon 10w tazs  gzn | CPetOR
waosrex  ESEEEEEEE| BN Assembled. ... . -$269.95 e T8 | Asboaant  Im WR 4n
45006 {898 wiT as0ns. 12585 855300 v 28 | B b | SO
ns. . s, 12595 [l Assembled................... X 7. . bty B
o o eou S 14058 B oo | HEmEE B B[ES.
4 ' w/bala 321 KEYBOARD ASCil ENCODED SUPPORT DEVICES Ay 244 WK, B, KoM 306
Now aver 1 yesr successtul field experience LA LY 71 g g 2%
“Soocit) Oer” Buy (9 6K 43008, Kils 3117.00 G e, ourchase of pmrren GRS Ligeiendde wpa | Siksintrara i3
v ' oards. EE;m heSinger wshisinaidiete 3 [CHANGE COUPLED DEVICES
F PPY DISK DRIVES poration. 3881 4 1aMH7 1493 | ISXCCO -Fuvt bome pered Fasciod 40 CCD | pg DIPSWITCHES
1. VISTA V-80 MINIDISK heyboard fealures 128 frrEpho e R+ eihecioon oty eobeobe e T poe doca: | CTE208 7y ces 3w
FOR TRS80 R keylomat MOS || 3084 oo ;1352 |819.98 ench {reg. 43.00) R By cemewum
* 23%M encoder circultry "N” b bcoiar” y
maﬁf&%’f&'« o rollover, lighted shift lock, control, escape and ::’?3'331'33 1
40 (rack patch now avail repeat functions. Ltd Qty 63 KEY $50.98 3318 Bk Bover 5 MAKED PCBOARDSALE
% Faster - $234 QouBan = 280 COU mrwcal
D o e e UV “Eprom" Eraser Err il u el I en
2 Drive Cable Add $28 4726 Bua O m 495
Model UVe-11R $80.908 wob | XS AAMRITA PRES
4 Drive Cabie Add $38.9! Holds 4 Eprom's lime. 38 am Controt 22 i nxmv.gmm s
2. “%ﬁ V200 MINLFLOPPY SYSTEM Backed by 45 years 251 Pog 10 gn i :‘" W B
Byt Capacity & w/CPM, Basic . 6248 Prog 10 o8 1702 Ertrw, Board 000
$-827..,0208.00 8257 Prog OMa 7.9 133 | tommiiebpom ooace  Jab
Professional Industfial Model 8373 G Comtroter e §§ fronar ! Eprommcy
TARBELL FLOPPY INTERFACE T 3% | SR i
# ZDO/S080 S 100 Compatibie + Usas CPM sum § | et w123
P Aspermbled for Shugert .. OO GOE0ED 68341 3122 8 Etvom 1208 mwmm%n. gl
3. VISTA V-1000 FLOPPY DISK SYSTEM Assamblad Other Drives ‘?“55 g:g m , tl-{i v 13 St B MVIAC: 33 5
¥ I'ﬁm;ﬂ o o GDW‘I s Boarr .  §36 95 Doc. Add i I 1] - [~ et e i <
% :.&CI!U. 3 Conumpniston Adg $I0.00 ©B42 Mooulator o ]
 CPM & Basic°E", 816008 tary | oune o 11 BT !:“ﬂgn
Instructiona & Manual - BB Bk Gror £ 118
4. Pl B51-5%", 40 tracka ........279. .. $11500 CEBA3 T oo MO3B Funtich Daw aes
5. Shugant %", 35 tracks. ... 266,00 : frob ety (T 54 FaRrr in
8. Slemene/GS FDD100-8 8...... 37500 40033 ¢ A Se B UHT206 Funcron Genear: 373
7. Bhugart BO0/B0?R &* 495.00 508
8. PERSCI Madel 277 Dusl 00 e - i POy DY e
9. WANGO/SIEMENS E%" Drive ... 20 857 O LO 80k uPEITZ Nt Flapor 450
Bare PC Boar ;g}"g 8522 Mt W5 e e %.:‘Fhmm ’;ﬁ
. - 1
EXPANDORAM MEMORY XiTS uy 4 kits only $59.95 eioh fresa R o
+ Bank Setectatie  Usen 4115 or 4116 -6 8K w/1K Ram .. .$99.50 430001 B30 T TV INTHRFACEE
Wiite Protact % bower 8v0C, £16v0C I EEM-1 45 1300 2 ‘o500 BRI P Vars e H
& Write Protac 8 .$59.05 YMNA RAM aerarmans, | Micrperh
* Fhanlom % Lowest Coal/Bll EPM-2 2708 or 2718 .9 gmnu-u'ﬁum. . 008 AN 10K S M Montneniic .. 893 MR Moweir. 33
Expando32Kil(4115) Expando8d Kit{4116) VYE AT -
6K $158.00 . ; BOA/E g
4 On board 2708 w2 dod (450ns.
Jak 0000 it 3 Pows: on fu # completaly S0CLEMB0.. SPECIAL PURCHASE
Aasemblad and tested $185.00
Kt (while supply Insts)

IMS STATIC RAM BOARDS f ?;or wsr?i‘smed Add $15.00 :

21L02-4 (450 ns) 100 @ 99¢ ea.

3 Dy ARG A s tested [ 80604 Asoarbi 21L02-2 (250 ns) 100 @ $1.15 ea.

S by A ma T(MSI?OBO) gL 4K Dynamic RAMS
250 na. .a50 na. pullouts) $1.95 ea.

KoM $ado00 530990 1488 Line Receiver 100 @ 75¢ ea.

32K Siatic §799.00 1489 Line Driver 100 @ 75¢ ea.

1489 House Marked 100 @ 50¢ ea.

YARBELL FLOPPY 1496 L Demodulator 25 @ 75¢ ea.

CONTROLLER
Card and testad for use with Shugart
Model DP-8000 compact, impact, paraflel or PR 229.00
' Drives $ SALE PRICE only $

VERBATIM™ DISKETTES
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The NEW Owners Of

Radio Hut

P.0.BOX 2015 GARLAND, TEXAS 75041
ORDER BY PHONE—214-324-5509

* ANNOUCE:
THE RETURN OF
RADIO HUT
SUPER SPECIALS!

The EXPANDORAM is available in versions

from 16K up to 64K, so for a minimum in-

vestment you can have a memory systam

that will grow with your needs. This is a dy-

namic memory with the invisable on-board

refresh, and IT WORKS!

® Bank Selectable

® Phantomn

¢ Power 8VDC, +16VDC, 5 Watts

¢ Lowest Cost Per Bit

* Uses Major Brand 16K RAMS

» PC Board is doubled solder masked and
has silk-screen parts layout

® Extensive documentation clearly written

SD EXPANDORAM

e 16K boundries and Protection via Dip

@ Complete kit includes all Sockets for 64K

¢ Memory access time: 375ns, Cycle time:
500ns.

o No wait states required

Switches
* Designed to work with Z-80, 8080, 8085
CPU's

EXPANDORAM 64K Kit (16K Ram)
16K o $219.00
2K .o $279.00
ABK ....viininiiiiiii $359.00
BAK ..ottt $419.00
WITHOUT MEMORY .................. $159.00

UNSCRAMBLER
KIT

interfaces with any monitor or scanner
e Easily tuned e Fuli instructions included e
Drilted fiberglass P.C. Board  One hour as-
sembly = Easy to install ® Punched case
This unit can unscramble most any

scrambled frequency such as the

TELE TAPE

Record important telephone conversations
now with Tele Tape and your recorder.Each
time your telephone receiver is picked up your,
recorder will start automatically and when you
hang up it stops. Tape willbe extra clear so you
can refresh your memory at a later date. Kit
includes everything except case and phono

plugs.

“VERSAFLOPPY” KIT
The Versatile Floppy Disk Controlier

Only $139.00
FEATURES: IBM 3740 Soft Sectored Com-
patible. S-100 BNS Compatible for 2-80 or
8080. Controls up to 4 Drives (single or
double sided). Directly controls the following
drives:

1. Shugart SA400/450 Mini Floppy
2. Shugart SA800/850 Standard Floppy

The Bowmar Optlo-Stick. The best readout
bargain we have aver offered. Has four com-
mon cathode umbo digits with all segmenis
and calhedes brought out. Increased versa-
lidity smce any of the digils may be used inde-
pendantly to it your applcalions. Perlect for
any clock chip. especially direct dnve units like

No. DGBF. Seven segments, blue-
green in color. Can be directly
driven by many MOS IC's. .3~
character.

49 Ea.

dss 3, PERSCI 70 and 277
new Motorola scramble and 50 on. embled and Tested only 4. MFE 700/750
Only $37.95 A&T $29.95 5. COC 9404/9406
D WIRING HARNESS®*
BOWMAR : ggl; READOUT FLOURESCENT* LE “%Cfmm MlNIAgggg ’%’-..":'AKER
4Jumbo 50" Digits in One “Stick™! READOUTS Has one ol our LED Rocket switches, one 2 INCH — .8 OHM.

rotary switch, two jumbo LED lamps and two
PC edge connectors (rom desk top cakculator
plant! 79¢ EACH

PERFECT FOR CLOCKS! $.79

POWER SUPPLY

A very fortunate purchase. One of the best

TO -5 HEATSINKS*
Similar to Thermalloy 2205G
Finned with insert.

50380 or 7010 Also use In Ireq. counters. industnal quality RﬁGULATED supplies we Sfor$1
DVYMs etc. For 12 or 24 hour fomal. (With LED'S have sean. High performance. small size. In- ROCKER SW'TCH.
115 120VAC. 60 HZ. Has the foliows .
colans and AM”:M naicalor ¢ ﬁmm & Amber ,g;:;ﬁ g‘:eds outputs: -5VDC atagooeM‘;; 1;30? :: HEAVY DUTY
1.09 ’ Mini Red 8/51.00 | 1.25 AMP. - 25 VDC at 180MA. S.P.D.T.3A.125V.A.C.
$1. Mini Green, Amber & Clear 6/$1.00 $10.95 New, modern styling! 5 for $1
280 STARTER KIT .|  COMPUTER CORNER
SD System's Z80 Starter Kit enables the novice SD SYSTEMS CPU's
to build a complete microcomputer on a single| STATE—-OF — 280 .. 10.99
board. Featuring the powerful Z80 microproces- THE ART ZBOA . 13.99
sor the ZB0 Starter Kit features: e Keyboard and RELATED CHIPS
Display e Audio Interface ® PROM Programmer SBC-100 2114 (300ns) 599
aAEﬁpans‘oréh and “f"gowra" /A{Iea o On Board KIT TR0 PIIONS) 9.95
Y 4 anne unter mer - Z_BUG ---------------------------------------- .
Monitor in PROM # I/0 Ports. $219.00 bz 1] o1 | o 11.95
2708 L e 8.99
L - 8/34.95
i ' inl- Color Burst Crystal 4116 (200N8) ... ...oiiiiii i e 8/80.00
$219 ;rshll(sk month’s Specnal.s AaT| 357MHz ... 89 | 4116(150ns) 1Ll 8/100.00
: $369.95 A& DISC CONTROLLER
TERMS:Add 30¢ postage, we pay balance. Orders under $15 add LI 27/ D 29.95

75¢ handling. No C.0.D. We accept Visa, MasterCharge, and Ameri-
can Express cards. Tex. Res. add 5% Tax. Foreign orders (except
Canada) add 20% P&H. 90 Day Money Back Guarantee on all items

While in Dallas visit our retail store at Treehouse Shop-
ping center. Garland Road and Jupiter.
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Resder Senvice

To get information on the products advertised in BYTE, fill out the reader service card with your name and address. Then circle the
appropriate numbers for the advertisers you select from the list. Add a 15-cent stamp to the card, then drop it in the mail. Not only do
you gain information, but our advertisers are encouraged to use the marketplace provided by BYTE. This helps us bring you a bigger

BYTE.
Inquliry No. Page No. Inguiry No. Page No. Inquiry No. Page No. Inquiry No. Page No.
1 AB Computars 245 69 Data Access Corp 165 204 Micro Mike's 224 310 RACET Compulas 136
8 Administrative Systems B0 91 Data Discount Center 221 ¢ Micropolis 108, 1 317 Radio Hut 255
5 Advanced Access Group 110 96 Data/Print Publlishing Co 168 ¢ Micro Pro Inlemmional 56, 57 318 Radic Shack 137
4 Advanced Computer Products 252, 2563 93 Datassarch 222 218 Microsette 172 J14 Radio Shack Aulh Sales Center 171
3 Aladdin Automation 77 94 Datasouth Computer Corp 194 Microsolt 127 322 RCA 103
8 Altos 21 87 Data Termlnals & Communications 185 198 MicroSoftware (CAl) 210 334 RCA 132
16 American Squate Computers 174 126 Data-Trans 222 Microsource 13 324 RANB 148
12 Anderson Jacobson 215 99 Dlablo Dlv ol Xerox;79 209 Microtek Inc 59 J25 RNS 180
15 Apparai 234 86 Dlgltal alhways 16 224 Microtel Inc 147 316 S-100 Inc 218
] gple (:ornputer 25 102 Dlsks 213 225 Microware 164 331 S C Digital 204
10 oducts 83 101 Donlho Sclenmlc 210 231 The Micro Works 158 * StJdude 217
11 ASAP Compuler Products 230 95 DRC (CA) 221 230 Mikos 231 320 Sara-Tech Electronics 134
19 ATV Research 172 100 DRC (TX) 247 236 Mini Computer Suppliers 176 329 Frank Schlele 174
7 Automated Computer Sorlware Serv 123 115 Electrolabs 228 237 Mission Controf 169 336 Scientific Amaerican 81
18 Automaied Simulations 212 120 Electronic Control Technologg 213 255 Morrow/Thinker Toys 31 330 Seattle Compuier Producls 224
21 Avlonic Enterprise 172 126 Electronic Systems 238, 237 256 Morrow/Thinker Toys 43 319 Michael Shrayer Softwara 145
13 Axiom 144 130 Electronics Warehouse 244 257 Mountain Hardware 143 * Shugart Associates 6, 7
14 Baslc Time 187 132 Escon 83 258 Mountain Hardware 1686 337 68 Micro Journal 175
34 Betla (Div of Measurament 133 Falcon Publishing 210 278 MVT Microcompuler Systems 45 328 Smoke Signal Broadcasting 122
Systems & Controls) 154 134 FMG Corp 32 279 National Technical Schools 210 * Software evelo?men! and Training 156
31 Biolech Electronlcs 152 141 Gimix 88 281 NEECO 94, 95 J27 Software Dynamics 212
' Bits Inc. 191, 200 150 Godbout Elecironics 173 280 NEECO 159 332 Software Exchange 222
32 Buss/Charlea Floto 172 1589 H & E Compulronics 197 280 Netronics 87 333 The Software Farm 174.
* Byle Back Issues 213 160 Hamilton-Avnet 85 * New England Recruiters 174 335 Solld State Music 61
36 BYTE Books 113, 114 161 Hayden Book Co 138 282 New World Books 134 Solid State Sates 231
* Byte Subscriber 217 216 Heath Company 17 283 Newman Computer Exchange 225 351 SONTEX Inc 174
* Byte WATS 172 * Heath Company 105 284 Northeast Computer Show 352 Southern Systems of Birmingham 140
38 Galifornla Comp Sysiems 37 170 Hobby World 226, 227 285 North Star Computers 27 353 SubLOGIC 83
38 Calitcrnla Digital 235 189 Industrial Micro Sys|ems 139 286 NRi Schaools/Electronics Div 193 354 Sunny internalionat 248
41 Roy J Canon 174 175 Intormation Unlimited 150, 151 200 Ohio Scientific Instrument CIV 357 SuperSoft 175
43 CAP Elecironics 52 178 (ntegral Data Systems 49 291 OK Machine and Tool 220 359 SuperSoH 212
45 Caeniral Data 169 177 Integrand 178 288 Oliver Advanced Engineering 178 356 SWTPC CIl
48 Cenironics 73 178 |nternational Deslgn Englneering 287 Omikron 211 349 Sybex 125
47 Ghrislln Industrias 142 Assoc (IDEA) 217 283 Omni Computer Corp 179 358 Sybex 159
53 MPCO 183 *  Intersystems 157 * onComputing 97 355 Synchro Sound 119
54 COMPCO 192 180 Interiec Data Systems 135 295 Organic Software 174 350 System Engineering Enterprise 121
55 COMPCO 185 195 Jade Co 248, 249 292 Osborne & Assoclates 199 362 Tano 133
58 Compucoior Corp 39 200 Jameco 232 * Owens Associates Inc 124 360 Tarbell Electranics 11
* Compuler Factory NY 155, 229 201 Jameco 233 294 Pacific Exchanges 172 3685 Technical Soltware nc 174
70 Compuier Furnllure & Accessories 181 202 KML Marketing Inc 184 296 Pacific Office Systems 250 363 Technical Systems Consultanls 117
*  Qompuler Headware 215 203 K be Corporation 69 298 Page Digital 55 364 Technology Transfer Ing 207
75 Compuierland €8, 141, 153 * Lifeboat Associates 90, 91, 149 299 Page Digital 251 367 Thermax
66 Compulsr Mart of NJ 93 207 Loweco Computer 217 297 PAIlA Elactronics 221 368 3M Compsany 18
68 Compuler Service Canter 217 208 Macrotronics 217 304 PerCom Data CllI 389 Robert Tinney Graphics 38
72 Computer Tax Service 223 205 Marketline Systems 171 305 PerCom Data 111 * Tora Systams Inc 174
74 Compuler Warehouse 217 208 Matrox Electronic System Ltd 44 306 PerCom Data 239 366 TransNet Corp 166
73 Compulex 148 227 Paul McCoy Enterprises Inc 220 * Personal Computing 79 180, 181 313 TRS-B0 Soffware Exchange 182
18 CT micro Computer 60 215 Measuremsnt Systems & Controls 209 301 Personal Software Inc 51 39 us Robotics 72
77 CT Micro Compular 148 212 Micro Age 201 302 Personal Soltware inc 53 377 Vector Eiectronic Co Inc 126
78 CT Micro Computer 147 213 Micro Ap 205 308 Pickles and Trout 177 378 Vista Computer 254
79 CT Micro Computer 221 211 Micro Appllcallons Group 222 * Potomac Micro Magic 219 384 VR Dala 246
82 Contract Service Assoclates 211 214 Micro Architect 212 309 Power One Inc 89 387 Wameco 245
83 Corvus Systems 47 277 Microcomputing Technology Inc 234 303 Practical Applications 179 388 Whitesmith's Lid 222
84 Cover Craft 176 220 MicroDaSys 26 312 Priority | 241, 242, 243 389 Wintek Corg 172
" Creative Software 223 221 MicroDaSys 75 * Pro OomplNew England 250 391 Worldwide Eleclronics 172
80 Cromemco 1, 2 226 Micro Designs 170 374 Prog 80 163 393 X-Comp 92
40 CTC 104 *  Micro Dlversions 5 315 P S Soltware House 172 394 X-Comp 170
87 Cybernatic Micro Systems 177 210 Micro Focus 64 321 Quality Software 224 401 Zs Systems 204
85 Cybernatics Inc 22 211 Micro Intagration 128 311 Quest Electronics 240
88 Cygol 217 223 MICROMAIL 219 323 RS|33
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Ciarcia: Joystick interfaces

Dahmke: Intraduction to Muitiprogramming
Teeters: interface a Chessboard to Your KIM-1

Ellls: Some Musings on Hardware Dasign

Hallgren: A Low-Speed Analog-To-Digital Converter
Trimmer: Sotdaring Techniques

Powers: The Nature of Robots, Part 4

Harron: Inexpensive, Optical Paper-Tape Reader
Albus: A Modet of the Brain for Robot Control, Part 4

Kasser: The Amsat-Golem-80
Barbier: Add Soms Control to Your Computer
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*Correspond directly with company.

Page June BOMB
10 William D. Johnston again dazzled our
20 readers with “Computer Generated
34 Maps,” Part II, page 100. Second place
62
70 was taken by James Albus for con-

84 tributing “A Model of the Brain for Robot
page 10. Placing a very close

96 Control,”
third and fourth, respectively, were G, A.
Van den Bout,
Language and T. Radhakrishnan and M.
V. Bhat, “Stacks in Microprocessors.”
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