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8080 utilizes an 8-bit data bus and most of ‘the
internal registers can be used as an 8-bit working
register, it is necessary to have easy access to

all the registers at ‘the lower eight bits of the ALU.
This is accomplished by mirroring the register pairs
as CB, ED, and LH, as adjacent pairs of registers

in the Am2901. Then, when single 8-bit wide operations
are performed in the low-order Am290l's, the high-
order Am290l1's are updated by using a byte swapping
technique. This is usually performed during the
fetch of the next instruction, and therefore does
not slow the emulator in any way.

The microprogram portion of the 8080 emulator
consists of a microprogram memory with 56-bit wide
words. The total amount of microcode required to
emulate the 8080 and its associated devices is 352
words. The microprogram control unit is a classic
controller using three Am2909 Microprogram Sequencers.
The design was performed to demonstrate the feasi-
bility and ease with which an MOS microprocessor
can be emulated.

The major purposes of the emulator design was
to demonstrate the use of the Am2900 Family components,
to demonstrate microprogramming, and to show the use
of the AMD microprogramming assembler, AMDASM.
Although speed was not the first consideration in
this design, the emulator needs about half the number
of clock cycles as does the 8080 and it can run with
a maximum clock frequency of approximately 5MHz. This
means that a speed improvement of about 3:1 to 5:1
is realized when compared with a standard 8080/8224/
8228 microprocessor chip set. Additional speed
improvement could be realized by performing overlap
fetch of the next machine instruction. 1In total,
the design utilizes circuits to implement the full
chip set capability.

Additional Emulation Benefits
One of the key reasons for emulating an existing

microprocessor is to save existing software. However,
one of the major benefits from such an emulation
results from the ability to implement new machine
instructions not currently found in the MOS micro-
processor. For example, the 8080 emulator can be
microprogrammed such that new instructions can be
performed. For example, additional microcode can

be written so that such machine instructions as
multiply, divide, square root, and so forth, can

be executed. This can save a considerable number of
machine instructions, a large amount of software,

and can improve the performance of an MOS microprocessor
a hundred fold. It is this microprogramability

of new instructions that provide the emulator

designer with the challenge. The advantage, of course,
is that new software can take advantage of these

new machine instructions, and significantly increase
the throughput of the machine. Still, the old software
is saved and can be executed on the microprogrammed
emulation without any modification.

Summary

The purpose of this paper has been to introduce
the hobbyist to the challenge of microprogrammed
machines in home computing as well as its applicability
to design for the small OEM user. One of the uses
for such microprogrammed microprocessors is the

emulation of existing microprocessors to improve
their performance while maintaining compatibility
with existing software. A more exciting application
of Bipolar Microprocessors in the hobbyist arena
lies in the challenge of designing new machines with
large scale computer capability for home use. For
example, why not dedicate microcode for the basic
machine instruction set, then add microcode for
floating point capability, then add microcode for

a higher level language such as FORTRAN, then add
microcode for . . . .

JRM/nls
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MICROPROGRAMMING FOR THE HOBBYIST

John Birkner
Monolithic Memories
Sunnyvale, California

In recent years, the MOS microcomputer revolution has made hobbyist com-
puting a reality. While all of the excitement and attention has been focused on the
microcomputer, an evolution in microprogrammed systems has been quietly
taking place. The continued increase in MSI/LSI functions, the availability of
larger and larger PROMs and the rapid price attrition of both has slowly trans-
formed virtually all new high performance system design to microprogrammed
techniques. What the hobbyist will be surprised to find is that state-of-the-art
microprogrammed hardware design is well within his capability. In fact, micro-
program hardware design has become a trivial task of interconnecting building
blocks.

1K PROM
price per unit Qty 100-9%9

‘“ .
gsn .
2 0
10 -

: : : —

w2 WB o WM W5 e

YERR

Advantages

Performance is the name of the game in microprogrammed systems. The micro-
controlled system executes many operations in parallel across a wide micro-
instruction (24 to 64 bits) offering higher speed than the fixed instruction mi-
crocomputer.

Where blazing speed is not required, speed can be used in place of complexity.
For instance, reading a keyboard, handling floppy and also a CRT can be accom-
plished in sequential fashion by a single processor as opposed to individual pro-
cessors and controllers.

Disadvantages

There is very little software available for microprogrammed systems. Until inex-
pensive microcode assemblers are available, the hobbyist will have to homebrew
his own. Microcode assembiers are available, however, on many timesharing com-
puter services. Monolithic Memories provides MICROAID??or its 6700 series
products, while Raytheon provides RAYASM for its 2900 products.

The Microprogrammed Computer

The microprogrammed computer is composed of five basic elements:

Control Store PROMs
Data Loop

Control Sequencer
Program Store

1/0

o000
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An 8-bit microprogrammed computer can be constructed as shown below using
as little as thirty 1Cs. A 100nsec microcycle is easily achievable. Instruction de-
code is accomplished by direct vector from 8-bit macro instruction into micro-
space. Dynamic RAM controls signals RAS, CAS and WRITE are under direct
microprogram control.

INPUTS OUTPUTS
SERIAL 1/0
[Burrer | [ Rec ]  st—=[ SHIFTREG =50
< DATA BUS
| U @ ﬂ
op . [ A BUFFER
SEQUENCER &
“ acc
\U, op
16Kx8
MICROPROGRAM 16x8
PROM ADDRESS > DV;’:x'c
——————— FiLe 14116)
REG
| WE ADDR
RAS
CAS
WRITE
ENABLE

CLOCK CONTROLS

This computer can read a keyboard, control a floppy disc and drive a television
raster scan, all under microprogram control.

The PROMs

Bipolar PROMs are available in 4-bit-wide or 8-bit-wide organizations. They
range in speed from 45nsec to 100nsec, and in size from 1/4K to 8K. Organiza-
tions are as follows:

4-BIT-WIDE
256 X 4 512X 4 1024 X 4 2048 X 4
Ag |1 16| Ve Ag{1 16| Vce Ag |1 ~18vee Ag|1 ~18|vge
As A7 As A7 A5 L A5 A7
Ay B Ag Ag Ay Ag Ag Ag
A3 E1 A3 3] A3 Ag A3 Ay
Ag 0q Ag 01 Ao 01 Ao 01
A 02 A 02 A 02 L 02
Az 03 Az 03 A2 03 Az 03
GND|8 9|04 GND|8  9{0g Ey 04 Ao 04
GND|S  10{Ey GND|9  10|Eq
FEATURES
e High Speed
o High Density
e Compatible Pin Configurations

for Upward Expansion
e Used in Microprogram Stores

PAGE 309
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8-BIT-WIDE
256 X 8,512 X 8,
2X8 256 X8 512X 8 1024 X 8 1024 X 8
01 veo Ao vee Aoft ~20fvge Ag vee A7 Ve
02 3 A A7 At Ag A5 a7 Ag AgarNG
03 M A2 Ae A2 A L Ag A5 AgorNC
04 (I s M s A N M B
05 A A B A A 2 3] A3 E
0s A 01 (3] 01 tjl A 73 A2 E3
07 Ag 02 0g 02 0g Ay 0g M Eq
GND 0g 03 07 03 07 04 07 Ap 0g
04 04 0Og 0z 0g 0y 07
GND 0 GND|10_ 11f05 03 05 0, 05
GND 04 03 05
GND 04
FEATURES

e Convenient 8-Bit Format
for Byte-Oriented Applications
® Used for:

— Program Stores

— EPROM Replacements
— Table Look-ups

— Character Generators

Choosing between 4-bit-wide and 8-bit-wide PROMs is a multi-variable prob-
lem depending on some of the following:

Word Depth

Access Time

Package Size

Cost Per Bit

State of the Art Bit Densities
Power Consumption

Multiple Sourcing
Programming Yields

Access to PROM Programmer
Upward Socket Compatibility

The Data Loop

The data loop can be as simple as an ALU and an accumulator. The most popu-
lar ALU is the 74181, although the 745381 is gaining. The 74181 is a 4-bit ALU
in a 0.6 inch wide 24-pin package and contains all the function combinations
you will ever need. The 745381 contains a reduced number of functions in a
20-pin, 0.3 inch wide package. AMD offers an important variation of the part,
which outputs CARRY.and OVR for use as the most significant chip. The 745281
is a 24-pin ALU with an Accumulator/Shift Register on board. An “LS’’ version
is also available. This part efficiently compacts the basic ALU, accumulator and
shift functions required by a medium performance data loop and, thus, is a
versatile part for the microprogramming hobbyist.

The bit slices offer microprogrammers an ALU, accumulator/shift register and a
multiport file in a single 40-pin package. The Monolithic Memories’ 6701 and
the AMD 2901 are now in the $20 range, well within the hobbyist’s reach. The
Texas Instruments 745481 should be available soon. Shown below is the Mono-
lithic Memories’ 6701.

BOX 1579, PALO ALTO CA 94302
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L SHIFT MUX 1 | siFT mux |
A
FiLE {1&-REGISTER
ADDRESSES - s
ALATCH| [ B LATCH | areGister |

DATA IN

2-T0-1 MUX

7 g
\_/

CARRY

STATUS OUTPUTS
LOOK-AHEAD

FROM
A LATCH

<> J b
FILE l
SHIFT
coNTROL —N| DECODE [V CONTROL DATA OUT
INSTRUCTION ROM
ALU
CONTROL

The Sequencer

The microprogram control memory address is driven by a sequencer which
can be as simple as a 745163 4-bit counter or as complex as the 67110 micro-
program controller. Other sequencers include the AMD 2909/11, the T.1. 745482,
the Signetics 8X02, the Intel 3001 and the Fairchild 9408. The Monolithic
Memories 67110, shown below, is a complete controller in that it provides a
loop counter, shift linkage, status monitor, branch control and one level of
subroutine stack.

SUBROUTINE
SEGMENT MODE L ooes
STATUS SHIFT
COMPLETE ~ ¥ ‘ ¥y COMPLETE INPUTS s:)GNALS
- FOR
lL BIT
SEQUENCE g STATUS e e
N N
CONTROL TESTER coNTROL  f—
[, Yoy
EVEN/ PASS/
0DD  INCREMENT
INSTRUCTION CONTROL
A
Vi
N 3-10-1 N zeR0
) “Wux | REGISTER DETECT
* LOOPS
= COMPLETE
SUBROUTINE PASS/
REGISTER |—] COMPARE DECREMENT
SEGMENT
SOmPLETE || o
DATA IN
: 3;}3;(1 : REGISTERF— ——————————3
CONTROL
MEMORY
ADDRESS
SUBROUTINE PASS/ END OF
REGISTER INCREMENT |— CONTROL
T MEMORY
SEQUENCER
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Interface

Buffers like the 745240 and 74LS240 family provide the drive and isolation
necessary for interconnecting microprogram building blocks together. Registers
and latches are also necessary to hold data in time as instruction operands, ad-
dress operands or simply data in transition. Shown below are the octal buffers,
latches, and registers in their convenient 0.3 inch wide 20-pin skinny DIPs.

(AL BUFFERS

54/741.5240 54/74L.5241 54/74L5244

54/745240 54/745241 54/745244
1 » 1 » ' 2
2 ® 2 1 2 ]
3 » H q M 3 "
0 n” . " 0 ”
5 % s *® 5 %
6 ™ 8| 1 8| 1
1 " 1 " 7 "
] u [ n 8 n
s ” s | © 9 ”
" u 10, " 1 "

OCTAL LATCH OCTAL REGISTER
54/74L.8373 54/74L.5374
64/745373 54/745374

A spiffy new octal tranceiver, also in the skinny DIP, promises to be a big winner
for bidirectional data buffering. :

ENABLE
Vecc G B1 B2 B3 B4

20 191 118 17 16 15

(L
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What’s Coming?

New PROMs, FPLAs and RAMs promise to make microprogrammed architecture
increasingly competitive in medium and high-performance computing. Shown
below is a Registered PROM which saves space and power while increasing speed
in pipelined microprogram control stores.

ADDRESS

(—

CLOCK

PROM

ENABLE —

-

REGISTER

-

3-STATE DRIVERS

-

OUTPUTS

RAMs in PROM pin-outs like the Intel 2114 and the T.1. TMS4045 will make
writeable control store convenient for the hobbyist.

[TMBluee  ~f e s [ [evee

A5 A7 AEE2 ” ::]1“' A5 2 o

A4 AB a3 : 6] ]Ag A4

A3l 2 (Ag = T .-
© aofs [ Jvo, A3 4 m g

Ao = 01 w <
s alds = ufJue, A0 g u »

Ml E |02 w2 e s

A 0 g =P aef] E

_Z 3 s fs n[Jvo,

E2 0_4 eno[ e 0] Jwe A2z u

GND|9  10|Eq cse

GND ¢

A concept of “Structured Logic” is beginning to form which embodies the prin-
ciple of constructing computers entirely from'RAMs, PROMs, FPLA;, Registers
and Buffers. This structured approach to architecture will offer more flexible
and more powerful solutions, not only to industry, but to hobbyists as well. And
after all, wouldn‘t we all like to be the architects of our “home-brew’’ computers?
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HAM RTTY: ITS EVOLUTION AND FUTURE

Robert C. Brehm

Promedics Data Corporation
Box 7454

Menlo Park CA 94025

Today's RTTY amateur has available a choice of equipment and
techniques that allow him to develop sophisticated radio-
teletype and computer linkages which were only dreamed of
several years ago. Moreover, with the ever increasing usage of
RTTY on FM repeater networks across the country, the feasi-
bility for radio-linked computer time sharing is not only
plausible, but is on its way to becoming a reality.

Today I would like to provide you with a general introduction
into amateur RTTY by describing the chronological background of
RTTY developments over the past 15 years which lead up to the
current state of the art using microcomputers. Then, if you
will allow me the liberty of looking into my crystal ball, I
will try and give you a prediction of what the marriage of
microprocessors and RTTY will bring in the future.

Amateur RTTY - What is it?

In order to understand amateur RTTY it is helpful to under-
stand where it fits in to the amateur radio operator's reper-
toire of transmission capabilities. The FCC allows hams to
transmit information via morse code (CW), amplitude modulation
(AM), single sideband (SSB), frequency modulation (FM), RTTY,
Slow Scan TV, and several other more exotic methods not commonly
used today. As you can see the amateur has a variety of methods
to communicate with his fellow man. When compared to the total
ham population, RTTY hams account for only 2-3% of all operators,
yet this number has grown rapidly in the past year and should
reach 10-15% (20,000 to 30,000) by 1980.

In addition to the variety of operating methods available
to amateurs, there is a large spectrum of frequencies which can
be used for transmission. RTTY activity has traditionally used
80 meters (3.6 MHZ) for medium distance communication out to
about 800 miles; it has used 20 meters (14.1 MHZ) for worldwide
communication, and 2 meters (146 MHZ) for local and repeater
RTTY work. More recently 2 meters has also been used for RTTY
transmission through the amateur radio satelite, OSCAR 6 which
revolves around the earth.

As you can see, RTTY transmission takes place in two fre-
quency spectrums, HF or frequencies below 30 MHZ and VHF or
frequencies above 30 MHZ (specifically 146-147 MHZ). The
methods of signal generation and reception are slightly dif-
ferent for VHF and HF although the end result is the same.

Below 30 MHZ, the primary method of signal generation is called
frequency shift keying or FSK. This method involves changing
the carrier frequency each time a mark or space pulse is encoun-
tered during a character's transmission. Using FSK, a constant
frequency carrier is transmitted for a mark pulse, with a space
pulse causing the carrier to shift down by 850 HZ. More recen-
tly, common practice has changed the shift to 170 HZ due to the
increasingly crowded ham band signals which cause interference
within the wider 850 HZ shift. The other common method of RTTY
transmission on HF utilizes audio frequency shift keying, or
AFSK. With this method, a pair of audio tones is fed into a
single sideband system, utilizing a well-suppressed carrier and
operating in the lower sideband mode. The shift of the audio
tones, usually generated with 2125 (mark) and 2295 (space) HZ
signals, again presents a 170 HZ signal to a copying receiver.

BOX 1579, PALO ALTO CA 94302

RTTY Communication Computer Communication
Transmission Ether/Radio waves Hardwire/Audio Signals
Media
Speed 45.5 BAUD or 5 110, 300 BAUD or
chars/sec commonly 10 to 30 chars/sec
called 60WPM
Code 5 level BAUDOT 8 level ASCII
32 lower case "letters' [ 128 characters
32 upper case ''figures' | commonly used
Frequency 850 HZ 2125, 2975 HZ 200 HZ 1800 through
Shift signals or 2200 HZ
170 HZ 2125, 2295 HZ Half or Full Duplex
signals
Half Duplex only

Communication Characteristics of
RTTY Versus Computer
Table I
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On the receiving end of things, both FSK and AFSK generated
signals sound exactly alike, and it is unlikely that you could
tell them apart. On VHF, the audio tones are usually fed into
an Am or FM transmitter using either 850 HZ or 170 HZ shift,
depending upon which shift is being used in the particular area.
The similarity between AFSK signals used in RTTY equipment
is similar to the AFSK used in most computer-telephone-
modem links. These similarities a.& shown in Table I.
Now that you have a general idea of how RTTY is generated
and where it is used, let's take a look at some of the conven-
tional equipment used in amateur stations.

RTTY Equipment

First let's look at a block diagram of a typical RTTY
station.

ma _LeeP

TTY MACHINE

SELECTOR,
MABNETS

> | I

T-R
swilcH

Breax
Switeh

CARCIT

0C WiTAGE

In this setup, the receiver detects the signals, and
converts them to audio signals, and feeds them to the RTTY
convertor or Terminal Unit (TU). The convertor takes the
signals, processes them through tone selective filters or a
phase locked loop system and finally modulates or keys a high
voltage 120VDC "loop'" adjusted for 60ma of current required by
the selector magnets of the teleprinter. The keyboard of the
teleprinter is also connected in series with the loop supply;
consequently, whenever a key is depressed, it breaks the loop
in a predetermined sequence, which causes the printer to print
that character. In addition, when the transmitter is on,
depressing a key will cause the BAUDOT encoded character to be
transferred into a FSK generator which can modulate the trans-
mitter.

Transmitting and receiving are conceptually easy to under-
stand although, depending upon the accessories that are hooked
into the system, the switching circuitry can get quite compli-
cated.

Many amateurs started with simple setups as shown in Figure
1; however, they soon learned that adding accessories could
significantly enhance both receiving and transmitting operations.
Early in the RTTY game, most additions to the RTTY station were
mechanical in nature. Paper tape perforators and transmitter
distributors (tape readers) were probably the first added lux-
uries. These items allowed you to punch a tape for transmission
later at full speed. It is common practice to punch a tape
while the other person is sending to you, so that when he is
done, you can immediately start sending back to him. Another
mechanical feature which proved to be quite popular was the
stunt box available in the Model 28 machines. This mechanism
allowed the printer to decode or 'recognize' certain characters
or combinations of characters in such a manner that a switch
closure (or opening) could take place. This feature, in con-
junciion with an option called answer-back (part of an item
called a WRU or who are you?), allowed a person's machine to
answer or transmit back a programmed message when queried with
a preprogrammed recognition sequence. Some Model 28s are even
equipped with back space and reverse line feed so you can ''roll
up" what has already been typed. Imagine coming home to a
spindle of paper all rolled up and printed!

Many of the above mechanical features were coupled with a
very popular option called autostart, which is short for auto-
matic starting. This feature allows your TU to be activated by
a steady mark tone lasting a given duration (usually about 3
seconds or more). Although employed to a limited extent on the-
low bands, autostart TTY is used quite extensively between club
or net members using the VHF bands for local communications.
The principle involved with autostart is simple. As an example,
suppose you have a receiver monitoring your favorite channel,
and while you are out at a swapmeet, one of your friends calls
you on the radio to leave you a message. When he transmits a
continuous mark tone for 3 seconds, your TU responds by turning
your printer motor on and subsequently prints your friend's
message and shuts itself off again... all automatically. When
you arrive home, the message is there waiting to be read. This
feature is obviously very useful, and many amateurs monitor a
given frequency 24 hours per day in order to be in constant
communication with their friends.
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The 1960's

These mechanical marvels were quite the state of the art in
the mid and late 1950's. But around 1960, with the ever-
increasing use of the transistor by amateurs, many of the
functions previously performed by mechanical means were being
performed by electronic circuits.

Probably one of the first mechanical items to give way to
electronic circuitry was the ubiquitous polar relay. This
relay was used in the polar circuitry of terminal units where
current flowed in one direction for space and in the opposite
direction for mark. Thus the relay could key a local loop
supply for a teleprinter when driven by tone decoders. This
electronic '"advancement" in modern technology, utilizing such
components as SCRs and switching transistors, got rid of noisy
clicking relays which often got out of adjustment or were
plagued with dirty contacts. More importantly, however, it
also sparked the beginnings of the evolution of solid state
technology in RTTY applications.

Several other changes took place during the 1960's. Tube
terminal units became more sophisticated, then finally gave way
to solid state equivalents during the late 1960's. AFSK gener-
ation was upgraded to crystal controlled oscillators using
digital divider ICs for increased accuracy. Mechanical stunt
boxes now had digital equivalents that could recognize selected
character strings during a transmission. All in all the evo-
lution that took place in the 60's was not revolutionary, in
that no real new operating techniques or innovations of techno-
logical brilliance took place. The new circuitry developed
used state of the art components but the operational methods
used by RTTY hams didn't really change.

The 1970's

The 1970's have brought us not only a digital revolution
in consumer and industrial products, but also in RTTY, both for
high frequency and VHF application. Figure 2 illustrates this
‘evolution in both areas of RTTY operation.

In 1970 the ST-3 and ST-5 terminal units were pioneered by
Irv Hoff. Although designed primarily for VHF, they have been
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a comparison matrix is shown in Figure 4.

used extensively for HF also. In 1971 the ST-6 was born. This

TU represents a solid state attempt to incorporate the circuitry

developed in advanced tube TU's in the late 60's. It incor-
porated mostly op amps of the 709/741 series. Even today this
TU is the most popular and widely used on the HF bands.

Very few major technological differences have taken place in
HF RTTY TU technology since the advent of the ST-6. Most
changes have involved accessories which interface with the ST-6
and provide more convenient operation. In 1971 speed convertors
using discrete components were introduced, as were preprogrammed
digital message generators. In 1973 a crystal controlled
digital audio synthesizer was described for AFSK generation
with SSB transmitters. 1973 also brought several new acces-
sories to the RTTY community, including video displays for
BAUDOT, digital keyboards, digital autostart units, and Morse
code to RTTY converters using discrete TTL circuits. 1974 was
also a good year for technological developments in digital HF
RTTY and the introduction of UARTs in RTTY circuitry. The
Phase locked loop also became popular in several TU designs
taking circuitry ideas modeled after the PLLs used in computer
modems. It appeared that technical developments were really
beginning to accelerate, but little did anybody know what was
to happen next.

It was in 1975 when RTTY technology really exploded, just
shortly after the introduction by MITS of the Altair 8800
microcomputer. Programmable logic had now been introduced into
RTTY and this would prove to be the most revolutionary happening
in RTTY since its beginning in 1951.

In 1975 several magazine articles described programmable RAM
message generators. Also UARTs and FIFOs were becoming very
popular. In late 1975 we began to observe the influence of
microprocessors as evidenced by several articles which outlined
microprocessor controlled RTTY stations both on VHF and HF.

This exciting trend has continued to accelerate at an
increasing pace as the availability of hardware and software
technology becomes more widespread. Hal Communications has
introduced an 8080 based RTTY terminal; digital Selcal circuits
are springing up everywhere; ASCII to BAUDOT and BAUDOT to
ASCII code converters have been written up in several magazines
with commercial units now available; and, to top it all off,
the grand prize winner at the World Altair Computer Converence
was a computer controlled RTTY station! We have certainly come
a long way from the days of polar relays and tube converters!

So here we are in 1977, the year of the microprocessor in
RTTY; where to go now? Let's look back for a second and com-
pare a typical advanced RTTY station of 1976 with an advanced
station in 1967. These systems are illustrated in Figure 3 and

1970 Mainline ST-3, 4 VHF TUs of modern design
Mainline ST-5
1971 Mainline ST-6 First good low band TU
Digital MSG gen.
Speed Converters Digital accessories come into
Digital AFSK gen. wide use
1972 PLL TU-VHF PLL technology used
Audio Digital synthesizer
1973 Hal video display
Digital keyboards
Morse to RTTY Converter
Digital autostart
1974 Prom Memory for RTTY ID
RTTY MSG gen.
Using UART
1975 MITS introduces Altair
Programmable RAM MSG gen.
UT-4 (FIFO)
PLL TU
Solid state TTY keyboard
uP control of RTTY STN
1976 DT-600 Digital ST-6
Hal MP unit Morse to RTTY - uP
Digital Time Clock ASCII/BAUDOT
BAUDOT/ASCII WACC Winner - RTTY Station
Digital Selcals
1977 RTTY used with uP
Intelligent terminals
uP control of repeaters
uP controlled RTTY stations - wide use
Computer oriented repeaters with A/D converters for
time, weather, temperature, etc.
Figure 2
196 sysTem 1517 SYSTEM
TERMIWAL s T TERmAL UNIT
rome) ] (seuro LYATE) N
. Tererire 28 ELEcTROW!
RCVR mo:e«.'il :\\:‘L’::W(AL mf; e Ai"!!u' :
PRuTER KEYROARD MOOEL 33
- PRINIER
|2 -
bEO
&
TARNUAL CHERATIIG SYLTEM
XeaTR MECHANICAL SWITCHES (_j
OPRRATOR MEMORY
coxey | 06 Bosk .
~
1 g i CompuTER PROGEAM
RAM, PROWM ME MORY
PAPER. STumT
TAR Box SOLID STATE S¥JITCHES
SroRhGE TEXT EDiTiNg
SOFTwARE Cw TDENT
@ Foepy OsC | [CASSETTE | [ReaL TvmE
STORAGE | lsro«ms | | Croek
System Diuf ram
Figure 3
The Future

0K, so what's left, you may ask. If you let me take the
liberty of gazing into my crystal ball, here is what I see.
First, I can see quite clearly the ever-increasing use of
micros like the 4040, 8008, 8080, 6800, SC/MP, 280, etc., in
amateur designed circuits dedicated to RTTY. By late 1977 the
majority of RTTY amateurs should have some type of micro in use
in their station, even if only to look at! Many of the micros
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will be used to provide intelligent terminals which can be used
for text editing before transmission and for preparing data for
storage on a tape cassette.

It is also reasonable to expect microprocessor controlled
radio repeaters in 1977 for both RTTY and voice applications.

1977 Station 1967 Station

Terminal Unit
(RTTY Convertor)

Solid State with
analog and digital
circuitry.” $300

Advanced tube design
(homebrew) $150

Keyboard Electronic with Michanical-probably
ASCIT Serial part of model 28.
output (multiple (one speed)
speed) . $100

Printer Video with 16x64 Model 28 printer $500

or 12x80 format

o $200
ASCI1%Ehermal
printer $700
Operating System Computer programs,
RAM memory, text
editor, real time

Mechanical switches,
operator memory, log
book, stunt box,

clock $800 mechanical clock §$50
Data Storage Floppy discs, 5 level paper tape,
cassettes $700 reperforators, trans-

mitter distributers
$300
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resources. In
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addition the repeater's capability to cover a

large area could foster dissemination of software and computer
techniques at a nominal cost.

As an adjunct

to the above system, it is also possible to

foresee the linkage, via radio waves and phone lines of computer
repeaters in such a manner as to allow message switching and

transmission of information across the United States.

Thus you

could turn on your 5 watt transmitter, type in an appropriate

destination code

Obviously FCC
these ideas, but
enough concerned
come in! If you

and talk with another ham 3000 miles away!
approval is going to be required to implement
that confirmation will come providing there are
people behind it. And that is where all of you
are interested in what the future may bring in

the RTTY and microprocessor world of amateur radio, join a radio
club with a license training program, pass you test and get on

the air!
and most of them

There are many RTTY repeater members around the country

would be more than happy to help you get on the

air - just ask one!
If you wish to learn more about RTTY try reading 73 Magazine
which has had more RTTY articles over the last 10 years than any

other amateur radio magazine.
include Kilobaud,

Other sources of information

Ham Radio Magazine and the RTTY Journal. But

perhaps the best way to learn about RTTY is to get on the air,
practice the technique, become an expert and then you can give
the next evolution of RTTY speech in 1978.

After the speech a short demonstration of RTTY operating tech-
niques using microcomputers was given by David Alterkruse, W6RAW.

Morse Code Rx/Tx

Software

Reception and
generation under
program control
up to 1000 WPM

Greeb Text Editor-

Operator ear, mechan-
ical or electronic
key-up to 60 WPM.$100

Operator memory

Doctor Dobb's
Journal
ASCII to BAUDOT
BAUDOT to ASCII
System Cost Full System $2100
Limited System
using BAUDOT I/0
$1100

$1100

Systems Comparison Matrix

Figure 4

These will be interfaced with A/D converters which could give
time, temperature, weather reports, etc., when certain access
codes are received by the computer. In addition, I foresee
more sophisticated remote monitoring of repeater technical
parameters, where voltages, temperature, and currents are trans-

mitted in ASCII, when inquiry codes are received by the repeater.

I also can see the increased use of magnetic tape and floppy
discs. These will be used for contest record keeping, QSL
info., magazine indexes and personal accounting records. Also
in 1978 '"canned" software for your favorite computer routines
will be readily available from your ham or computer dealer.
addition, with the wide spread use of video discs and audio
terminals, more computer amateurs will be transmitting and
receiving video messages and symbols. Image processing and
computer graphics will be fully developed on RTTY frequencies.
But perhaps the most exciting event to take place will be the
integration of VHF repeaters and computers.

I foresee the wide spread linkage of computers with radio
repeaters for computer time sharing. Such a system could be
structured as shown in Figure 5.

Each remote user would have a transmitter/receiver and ter-
minal. He would have a choice of 5 transmit/receive frequency
pairs to use for conversation with the computer. If one was
being used, he could use another or if all were in use, he
would have to wait until one was free. This system is analo-
gous to the timeshared computer networks operating around the
country which have multiple phone lines for input.

The computer could use the recently introduced 16/8 micro-
processor board which allows real time hardware multiprocessing
so that several users could be executing programs simutaneously
and the computer could be transmitting and receiving on all
channels simultaneously. In this manner, many people could use
the capabilities of a computer which has a full complement of
accessories without having to settle for a machine with limited
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GENERATE SSTV WITH YOUR SWTPC 6800
MICROPROCESSOR

Clayton W. Abrams, K6AEP
1758 Comstock Lane
San Jose CA 95124

Soon after completion of my SWTPC 6800 System I thought now
what can I do with it? Since my hobby is ham radio coupled with
an interest in Slow Scan TV (SSTV) the answer was obvious. I
decided to start in a small way with a program to load my WPLMD
SSTV keyboard (ref 1). This project was quite successful, and
I next attempted a more ambitious one to generate SSTV in the
CPU main memory. It became obvious to generate SSTV I must
first slow the microprocessor way down to accomplish the proper
timings. I started by writing a short feasibility program
which generated timing pulses and video in the proper relation-
ships. I fed these pulses into a SSTV modulator which uses only
three IC's and is external to the SWTPC 6800 system. This pro-
gram performance exceeded my expectations; however, it had one
large drawback. The picture dot patterns had to be entered a
byte at a time into the main memory, which was a big job. This
article describes my third program which automatically loads
memory and generates SSTV pictures.

I think a short technical discussion about how I accomplish
this is in order. I first decided on a few basic specifica-
tions which were taken from my WPLMD keyboard design which were:

1. A SSTV picture will contain 30 ASCII characters in a
5 x 7 dot matrix pattern

2. A SSTV picture dot will consist of three scan lines
(vertical) and 1 dot (horizontal)

3. A SSTV picture will consist of 117 scan lines

4. A SSTV scan line will consist of 7 eight bit bytes (6
data, 1 sync)

5. A SSTV picture in the SWTPC 6800 memory will consist of
819 bytes (117 lines x 7 bytes/line).

As you can see from these specifications the memory requirements
are quite negligable and my first feasibility program fits
easily into the 4k of memory provided with the basic SWTPC 6800
system.

Well we now have a set of specifications, now how is the
programming accomplished? The only programming language which
makes sense in this application is assembly language. The 6800
assembly language instructions coupled with the use of MIKBUG
makes programming the SWTPC 6800 system an easy task. My first
job was to flow chart the entire program, which is a highly
recommended practice for anyone attempting such a project.

Now lets examine in general how the seven picture bytes are
used to generate the various sync pulses or picture dots.

[ooJoo] Fo]8o]oo] oo]FF]

Figure 1

Picture dots (hexadecimal) in memory

Figure 1 is an example of a typical SSTV scan line in mem-
ory. The first operation the program does in the transmit mode
is to load from memory the first byte into an accumulator. The
accumulator in the 6800 is a powerful register which can be
used to add, compare or shift, etc. This byte is then compared
to see if it is FF. 1If it is, then it must be a sync pulse.

If not, it must be a data byte. The accumulator is then
shifted to the left a bit at a time. If the shifted bit is a
one then bit O of the parallel (PIA) interface is turned on.

If the bit is zero then the interface bit is turned off. If
the byte is a sync byte (FF) then interface bit 2 is turned on
for 5 or 30 milliseconds (for horizontal and vertical sync
pulses, respectively). Sounds easy? Well it is. All that is
required is to connect these pulses to a SSTV modulator and out
comes SSTV pictures. Obviously, programming delays must be
executed between all steps. Three program constants control
all of these delays. One for the horizontal line .frequency,
and one for the sync pulse durations and one for the number of
scan lines. By manipulating these constants any number of scan
lines can be transmitted (up to 117) at any frequency, which is
only limited by the CPU cycle time and memory speed.

The generation of the SSTV is quite easy, the biggest trick
is to place the correct dots in the picture at the correct
location. This was accomplished by use of a translate table
and a dot table. The translate table is used to tell the pro-
gram where in the dot table the correct dots are located. The
dot table is the 5 x 7 ASCII dot matrix array of bytes. The
character dots were taken from the specification sheet of the
2513 character generator ROM chip (ref 2). Not all characters
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(ASCII) were coded in this program due to their uncommon usage.
The translate table in this program allows for expansion of 13
dot patterns without rewrite of my generator routines. The
reader can code any of the patterns to suite his needs. In
order to accomplish this task I must explain in detail how the
various tables are coded.

BIT LOCATIONS
LOCATION BYTE
) 8 42 1)8
1D47

1D4D

Figure 2. Dot pattern and hex representation for the letter A
As you can see, you are only limited by your imagination. With
a little ingenuity a set of graphic-like dot patterns can be
created. The translate table in memory is contiguous with the
dot table. The low order address of the translate table is
equivalent to 6 of the 8 bit ASCII code. For example, take the
letter A. The ASCII code for A is 41 hex. If you strip off the
8 and 4 bits the code remaining is 01 hex. If you look in
translate table location 1D01 (hex) you will find a 47. This
value means that the address of the dot bytes for A are located
at 1D47 in memory. You will find in the translate table (1D00
to 1D3F) a number of 04 characters. This value is a blank
character and is placed on numbers with ASCII codes between 21
and 2D. The se 13 characters are rarely used so we save them
for use in calling special graphics. The character codes
(ASCITI) 5B-5F will load characters with an inverted letter V
(see photos). You now know how the program operates, now let's
use it.

The program makes a
tem is configurated:

- The PIA card is in location 7 (address
801C)

few assumptions about how your 6800 sys-

- MIKBUG or equivalent is used, with the
following:
EO7E output a string of
characters
E1D1 output a single
character
EIAC input a single character

At least 8K of memory

PIA bit O used for data pulses and bit
2 for sync pulses

Some of the program constants which can be modified to fit your
specific requirement are:

Memory Location Present Value Name

Number of lines/
Picture (117)

Half frame=45 (hex)

031A 75 (hex)

02E3 80 (hex) Horizontal line freq
80=15 hz (USA)

70=16 2/3 (Europe)
02E4 SD (hex) Sync Pulse Width
Horiz=5 msec.

Vert=30 msec.

The program can be executed by loading MIDBUG location A048 and
A049 with 0000 and typing G. The first routine executed is
'LOAD'. This routine loads the picture buffers as you type in.
The first message printed on the TV terminal is:

PICTURE FORMATS 0-5
1 2 3 4 5

The program is now asking you to load 5 lines of 6 characters
each. You first type in the picture number you want to load
followed by 30 characters. The first character of each line
will be placed under its corresponding line number.

You can now load all 6 pictures or type a ASCII letter to
end the process. The next message printed on the TV terminal
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screen is:
SELECT LOOPS-PICTURES
LOOP MAX=9
?

The program is now asking you to type in the number of times
each SSTV picture is transmitted. For example a 3 loop would
transmit approximately 24 seconds (3 x 8) of SSTV (each picture
requires 8 seconds to transmit). The program will then respond
with a slash after you enter the loop number. It will then
wait for the picture you have just loaded (0-5). You can enter
up to 7 loops/pictures and the process can be terminated by
entering an ASCII letter for the loop number. A SSTV picture
can be looped up to 9 times. This type of programming will
provide over 8 minutes of SSTV 7 loop/ pictures the SSTV trans-
mission is executed. After transmission the program branches
back to the load routine. This completes the description and
operation of the program. If you require more information
please write. All letters with enclosed return postage will be
answered. The following is a SSTV modulator which I use. The
circuit was constructed on a Vector board and installed in a
mini box. The design is quite straight forward and can be dup-
licated with little cost and difficulty. The timing pulses are
interfaced to the computer by a 7400 NAND gate. White letters
on a black background or black letters on a white background
are selected by a SPST switch. The video and sync pulses are
mixed by 4 diodes, 1 IC and 1 transistor. This video then
drives a 566 function generator. The output triangular wave-
form is shaped into a sine wave by the output active filter.

I hope you will enjoy using this SSTV generator. Over the
air reports have indicated that the video is considerably more
readable under QRM conditions than my WPLMD keyboard. The use
of micro-processors is an obvious choice for the generation of
SSTV. Considering that my special purpose SSTV keyboard is
complex (44IC's) and my SSTV 6800 generator runs on an un-
modified SWTPC 6800, proves that the micro-processor is the
way to go for SSTV.

PAGE 316



FIRST COMPUTER FAIRE PROCEEDINGS

BOX 1579, PALO ALTO CA 94302

CW OPERATOR’S UTOPIA - AUTOMATIC TRANSMISSION AND RECEPTION

Ivar Sanders, W6JDA
1161 Ribier Ct.
Sunnyvale CA 84087

INTRODUCTION

This presentation is a description of two algorithms. One
algorithm generates Morse code at selectable rates in response
to data entered by an operator using an alphanumeric keyboard.
The other algorithm provides a visual display (on a CRT, tele-
printer, or other output device) of received Morse code data;
this reception algorithm automatically adapts itself to a wide
range of code speeds. These algorithms are based on two arti-
cles in the October, 1976 issue of Byte magazine: '"Add This
6800 Morser to Your Amateur Radio Station,' and "If Only Sam
Morse Could See Us Now." Although the programs listed in these
articles are written for the 6800 microprocessor, this presen-
tation does not assume the use of any specific processor. In-
stead, the algorithms are presented as more general flow charts
which can be easily implemented on any machine. Also, no
attempt has been made to include routines which are unique to
specific systems, such as keyboard input or display output
routines.

BACKGROUND

Although some hams may argue about the merits of using a
machine to transmit and receive Morse code instead of the
greatest computer of all - man's mind, many techniques have
been developed to accomplish the task. The algorithms presented
here work remarkably well and provide the ham operator with a
novel (and sometimes useful) way to operate CW. For example,
the transmission routine allows an operator to type a response
to another station's comments while still listening, and then
transmit the comments later in perfectly-sent CW. The "canned"
messages required in many contests can also be stored away and
transmitted as needed, thus allowing additional time to fill
out log books, etc. The reception routine is an excellent tool
for code practice, allowing the verification of hand-received
code. Another interesting application of these algorithms is
as a pseudo RTTY device. For example, stations could conceiv-
ably communicate using only keyboards and CRT displays and not
even listen very carefully to the CW, and the data rate could
be faster than the common 60 to 100 word-per-minute RTTY rates.

MORSE CODE_STRUCTURE

So how do we get our expensive homebrew computers to speak
in Morse code? Well, let's begin by looking briefly at the
structure of the data format we call Morse code. The timing
relationships for perfect code are based on the length of time
a telegraph key is held closed to produce a dot (or short)
Morse code element (Fig. 1). Assuming that a dot lasts one unit
of time, a dash is defined as three units of time. Similarly,
the key-open time between dot and dash elements within a char-
acter is one unit of time. So there we have the timing for a
single Morse character. Now, how do we distinguish one char-
acter from another, and how do we distinguish one work from
another? By varying the key-open time of course! For perfectly
sent code, the time between characters is three units (same as
a dash) and between words is seven units. However, there may be

CHARACTER. D [ Y
MoRSE Ccrbe (T @ @ ®

DisITal l ‘ I

DCT ELEMENT = L UNIT 0F TIME
DASH ELEMEMT = 3 UNITS 0F TIME
ELEMENT SPALE = I VBNIT O0F TIME
CHARACTE:.. SPACE = 3 UNITS 9F TIME
WoRD SPACE = 7 UNITZ oF TiME

FIG. 1. MOKSE roLE STRUCTYLE,

instances where we want to increase the time between characters
and between words. Code practice is a good example; it is
often desirable to send individual characters at a faster rate
than the overall code speed. The transmission algorithm de-
scribed provides this capability.

TRANSMISSION ALGORITHM

Now that we understand Morse code's structure, let's take a
closer look at what we have to do to generate CW with our home
computers.

M5 Ls@
COUNT DATA  FIELD
l FIELD I (O =DoT, 1=DASNH )

DATA FORMAT WHERE
| £ (PoTS +DASHES) £ S~

DATA FIELD
|| (o=por, I=pasH)

DATA FORMAT WHERE
[Dors + DASHES) = (o

Flé. 2. COMPUTER'S REPRESENTATION
OF MORSE (ODE DATA —
USED BY THE TRANSMISSION ALLORITHM,

Data Representation

The first problem we encounter is the representation of
Morse code characters in our computers, since Morse characters
have a variable number of elements. The representation we have
chosen (Fig. 2) for the transmission algorithm divides an 8-bit
byte into two fields: a data field and an element count field.
For characters having five or fewer elements, the count field
contains a binary number in the range one (001) to five (101),
denoting the number of elements within the Morse character.

The data field contains a binary representation of the dots and
dashes making up the character where '"0'" represents a dot and
"1'" represents a dash. The character is right-justified within
the data field, and the first element is in the LSB. But what
about those special characters that have six elements? Since
there are no characters that contain seven elements, the LSB of
the count field is a "don't care" bit for characters of six
elements, and the LSB becomes available for use as the MSB of
the data field. Therefore a 11 code in the two MSB's uniquely
specifies a six-element Morse character. Using this encoding
method, we see that there is a unique 8-bit representation for
every Morse character with the exception of word spaces and the
error character (eight dots). These two exceptions are handled
as special cases; a word space is arbitrarily assigned a code
of all zeros, and the error code is assigned a code of all ones.

Hardware Requirements

In terms of hardware requirements we are assuming that one
bit of a parallel output interface is dedicated to driving a
relay or transistor which keys the transmitter. Another bit of
the parallel output is used to drive a loudspeaker which is used
as a CW monitor.

Generation Subroutine

Now let's look at the flow chart (Fig. 3) to see how we use
this information to generate CW. Throughout this discussion we
are assuming that the Morse code transmission routine is really
a subroutine which is called by some other program as needed to
generate a single Morse character. For example, the calling
program might also manage a FIFO (first-in-first-out) buffer
which is loaded with typed characters from an ASCII keyboard and
unloaded one character at a time with calls to the generation
subroutine.

After we call the subroutine, the first thing we have to do
is convert the ASCII character we want to transmit into the pre-
viously described digital Morse representation. We perform
this conversion with a look-up table which we have previously
stored in the computer. We use the character's ASCII code to
point to a specific memory location within the conversion look-
up table, the contents of this location being the digital Morse
representation of the character.

Next, we check the data to see if it is one of our special
cases - a word space. If not, then we extract the count field
from the byte and store it separately as an element count. In
the case of our other special character - the error code - we
force the element count to a value of eight and the data byte
to all dots. Hence, we now have a two-byte representation of
the Morse character, one containing the total number of elements
and the other containing a one or zero (dash or dot, respec-
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tively) for each element.

Now let's rotate the data byte to the right by one bit
through the carry (Fig. 4). This places the first element to
be transmitted in the carry bit, which we test to determine
whether we are to send a dot or a dash. If a dot, then we set
a timing-factor register equal to one; if a dash, then we set
the timing factor equal to three. In either case, we close the
key at this point.

Next, we enter a delay loop which produces a time delay
equal to the timing factor times the length of time it takes to
transmit a single dot at the code speed we have selected for
operation. We are assuming here that the "dot time" used in the
delay loop has been specified and loaded into the computer by
the operator some time previous to calling the generation sub-
routine.

Upon exiting the delay loop, we open the key and set the
timing factor to one. Then we enter the delay loop again, and
generate an inter-element space equal to one 'dot time'.

Now that we have produced a single element of the Morse
character plus the inter-element space following it, we check
to see if there are other elements to be generated by decre-
menting the element count and testing to see if the count
equals zero.

It it is not zero, we go back and rotate the data byte
through the carry bit again and generate the next element.

Once the character is complete, the timing factor is set
equal to the intercharacter space time minus one inter-element
unit of time and enter the delay loop again. For perfect Morse,
the timing factor would equal two at this point. However, if
we want to transmit individual characters faster than the total
CW rate, then a value greater than 2 would be used here. Upon
completion of this final time delay, we return to the master
program from the generation subroutine.

What do we do with space characters? First, we generate a
"'phantom' dot without closing the key by setting the number at
elements equal to one and setting the timing factor to one.
After producing this one unit time delay, we reenter the algor-
ithm and produce one more unit time delay as though we had
actually sent a Morse element. Then we decrement the element
count, exit from the generation loop, and produce an inter-
character space. For perfectly-sent Morse, we have produced a
space equal to four ''dot times'". When added to the three-unit
space produced after the previously-generated character, we
find that we have produced a seven-unit space - exactly what is
required for an inter-word space.

= —
MORSE DATA (0=DoT, | =DASH)
P e

DATA |5 ROTATED RIGHT THIROUGH THE
CARRY BIT, THEN THE STATE OF THE
CARRY 81T |S TESTED TO DETERMINE
WHRETHER A DOT 0k DASH ELEMENT
1S To BE GENERATED,

Fle, 4. MIRSE ELEMENT KENERATION ,
RECEPTION ALGORITHM

The task of Morse code reception is somewhat more difficult
than the task of Morse code transmission, largely because of
the irregularities and ambiguities associated with each opera-
tor's "fist'". Let's face it, some hams transmit CW which is
far from ideal in its timing. The algorithm we are going to
look at allows for some irregularities in the received code.
However, it just does not work as well as a trained human oper-
ator who knows the intended context of the received message.
This algorithm automatically adjusts itself to the incoming
code speed and provides a visual display of the received data
if the structure of the incoming CW is reasonable good.

Hardware Requirements

The reception routine assumes that the received CW is avail-
able at one bit of a parallel input interface, where the state
of the bit indicates whether a mark (key closed) or space (key
open) is being received. This input bit can be derived from
receiver audio by filtering and rectifying the audio or through
a phase locked loop set up to detect the desired audio frequency.
October 1976 Byte contains several circuits which should work
fine.

Reception Routine

The reception routine contains several parts (Fig. 5). Let's
begin by looking at the audio sampling routine. First, we wait
for a period of time specified by a delay time value. This
delay time is varied by another part of the algorithm and pro-
vides the timing necessary to automatically lock onto any CW
speed. Then we sample the audio input and check to see if a
change has occurred in the mark/space status. If there is no
change from the previous sample, then we increment a value which
we call the time count. This time count value indicates the
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number of audio samples we have taken for the currently received
mark or space. It is at this point that we send a data charac-
ter to the output device if the device is ready and if there is
data in our output buffer. We remain in this waiting and audio
sampling loop until we detect a change in the mark/space status
of the received audio. When a change is dctected, we set a data
ready flag and check to see if we have just completed a mark or
a space interval. If the audio was a mark before the change,
then the time count is stored in the space register. At this
point, the new mark/space status is stored, and the time count
value is set to one.

This time, as we go through start, the data ready flag is
sct. Now, if the element we have just received is a mark, then
we apply three rules to sec if the mark is dot or a dash. If
the mark is more than twice as long as the previous mark re-
ceived, then the mark is a dash. 1f the mark is less than half
as long as the previous mark received, then the mark is a dot.
If the mark is between half and twice the previous mark, then
the mark assumes the same state as the previous mark.

Assume for now that the mark is a dot. We shift both the
dot and dash registers (Fig. 6) to the left by one bit. (These
registers are used later to determine the specific character we
are receiving.) Then the dot register is incremented - effec-
tively inserting a one into the LSB. Now we get to the part of
the algorithm which adapts the delay time value to the spced of

START
(RECEPTION
ROUTINE )
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the code being received. We have arbitrairly decided that the
number of audio samples for a perfect dot would be about four.
So we compare the mark time value which we have stored for this
dot with the delay time value and see if we need to increase or
decrease the sampling rate. If the mark time is less than
three delay times, then the delay time is decremented to speed
up the sampling rate. If the mark time is greater than five
delay times, then the delay time is incremented to slow down
the sampling rate. If the mark time is between three and five,
we condlude that we are probably sampling at the correct rate
and the delay time is not changed. Finally, the data ready
flag is reset and we jump to the sampling routine.

So what happens if the mark is a dash? First we calculate
the character space value which we let equal 3/4 of the mark
time; this value is used later in the algorithm.

Then we shift the dot and dash register left by one bit,
just as we did in the case of a dot, only this time we follow
it up by incrementing the dash register rather than the dot re-
gister. Finally, the word space value, which is also used la-
ter, is calculated as twice the mark time, the data ready flag
is reset, and we jump to the sampling routine.

Now suppose that a space has been detected rather than a
mark. We compare the space time with the character space value
stored previously. If the space time is less than the charac-
ter space value, then we conclude that the space is an inter-
element space, and we jump to the sampling routine after reset-
ting the data ready flag. If, on the other hand, we find that
the space time is greater than the character space value, then
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we conclude that the character we have been receiving is com-

plete and ready to be converted to ASCII.

The conversion pro-

cess begins by shifting the dash register to the left one more
time, and then adding the dot and dash registers together (Fig.
6). The result is a binary value which uniquely represents a

specific Morse code character.

an ASCII code, a conversion look-up table is used.
code is then placed in the output buffer.

To convert this binary value to

The ASCII
As a final step, the

space time is compared to the previously derived word space

value.

If the space time is greater than the word space value,

then an ASCII space character is also placed in the output buf-
fer before resetting the data ready flag and returning to the

sampling routine.
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MICROPROCESSOR CONTROL OF A VHF REPEATER

Lou Dorren, WB6TXD
107 W Bayshore Bivd
San Mateo CA 94401

In most repeater systems, control functions are generally
performed by hard wired integrated circuitry. This means that
each function is managed by a group of integrated circuits
whose specific job is to do that function only. In a repeater
system, with a reasonable number of controls performing very
simple management functions, as many as 60 to 70 integrated
circuits could be required. Most such systems use a touch tone
decoder and some form of logic that decodes the various control
numbers and turns on function outputs to operate the various
controls of the repeater. Changes in these systems require a
redesign of the circuit or a change in the output wiring.

With the advent of microprocessors a whole new era of
repeater control and management becomes possible. Here we will
describe a repeater control system built for WR6ABM around a
Motorola 6800 microprocessor. This repeater control system
performs all of the supervisory and management functions using
a software system instead of the hardware systems described
above. In this repeater control system, the microprocessor,
which is essentially a computer, has a series of outputs con-
nected to the repeater controls. Signals appearing at the
inputs of the microprocessor program it to perform the various
test and control functions desired.

This system can be described according to the functional
blocks which do the work. Figure 1 shows the system block dia-
gram. First is the central processor unit (CPU), which con-
tains the microprocessor integrated circuit, a scratch pad or
working stack memory, a monitor or control memory and an asyn-
chronous communications device for talking to the data terminal
or teletype machine. The CPU is contained on a single printed
circuit card which is interconnected with the other cards in
the system via plug-in sockets held in a standard card frame.
The microprocessor card used as the CPU in this system is the
MADIC, manufactured by the Seivetek Corporation of San Mateo,
CA., who also make the other cards used in the system.

The second functional block is the random access memory.
this case, we used 8,000 words of random access memory, con-
tained in two printed circuit cards. Each card consists of 32
1Kx1 static memory chips, as well as the address decoding ICs
and the data and address line buffer ICs. In this memory is
stored the operational program for the repeater. Changes to
this program are effected through the data terminal or teletype,
making it unnecessary to rewire the circuitry in order to
change control functions. All such changes can be made over
the air, or by phone line.

The third functional block is the peripheral interfact adap-
tor (PIA). Each one of the PIA cards serves some input or out-
put function of the repeater. For instance, there is one card
called the COR PIA. This card connects the receiver COR lines
and the transmitter key lines to the CPU. It tells the pro-
cessor when a receiver is heved up and also keys up the trans-
mitters as instructed by the CPU.

The touch tone decoder and real time clock make up the
fourth functional block. Both are contained on the same card.
A hybrid touch tone decoder built around a Telenetics 7516 and
a real time digital clock built around a National MM5309 are
used. Also contained on this card is a touch tone encoder for
outputting high speed touch tone commands and data and for self
testing. This utilized a Motorola MC14410. The decoded touch
tones are presented to the CPU for appropriate action, while'
the real time clock permits the processor to time events and
make calculations involving the time of day.

Fifth in the series of functional blocks are the audio
matrix cards. Each card consists of a 8 x 4 audio matrix with
input and output buffers. The audio matrix is connected to the
audio outputs of every receiver and tone generator and to the
audio inputs of all the transmitters, local speakers and tecle-
phone lines. The audio matrix can be commanded by the audio
tone DVM PIA to switch between the various inputs and outputs.

The tone generator, contained on a single card, is the sixth
block in the system. It contains a pair of digital synthesi-
zers for the generation of sine wave tones. It also contains
a three and one-half digit digital voltmeter which is command-
able and which can be used for telemetry data taking by the CPU
The synthesizer and voltmeter controls are fed from their own
PIA registry. The audio matrix is also controlled by this PIA.

Last in the series of functional blocks is the system clock.
This clock, located on its own card, gives the necessary non-
overlapping phases for operating the microprocessor. It oper-
ates at 1 MHz. Additionally the clock card contains a baud

In

rate generator to generate the necessary frequency for the
teletype interface and an interrupt request time generator
which produces a 50 Hz signal used during various supervisory
functions of the repeater. The clock for the audio synthesizer
and DVM are also supplied by this card.

Unlike most repeaters, there is no COR delay sensor or
detector and there is no transmitter key with hang time or
identifier. All of these functions are in the software that
is generated with the microprocessor. As an example, if the
command has been entered in the repeater to permit using the
VHF transmitter, the microprocessor is constantly waiting for
what is known as an interrupt signal. When this signal appears,
the microprocessor looks at all of the PIA's to determine
which one requested the interrupt. If the COR PIA is the one
requesting the interrupt, the microprocessor then looks to see
which receiver was keyed up. If it finds the VHF receiver
keyed up, it then looks in the memory to see if all the neces-
sary parameters are present to permit keying up the transmitter,
i.e., has the repeater on command been entered. If all the
conditions are fulfilled in the software of the microprocessor
it keys up the transmitter and continues to keep the transmit-
ter keyed up until the receiver drops. When the receiver COR
drops, the microprocessor calculates the hang time before it
drops the transmitter so that the transmitter stays up for a
pre-determined amount of time by software.

The microprocessor lends itself to many other aspects of
repeater control. Identification and Morse code generation are
some of the more interesting aspects. The Morse code is gen-
erated by an algorithm in the microprocessor memory. Each
character of the Morse code is encoded into an 8 bit word.

With this type of software, any CW message can be generated.
In addition, the CW messages can be changed without having to

do reprogramming or rewiring of ID memories. It can be changed
merely by changing the software, as can all the other repeater
functions. With the microprocessor control system, the level
of sophistication of repeater control is limited only by the
programmer's ability and the amount of memory available.

In the WR6ABM system, the computer performs over 100 differ-
ent functions at any given time. For example, the computer
executes 20 thousand instructions to output an identification.
All of the timing for the Morse code CW is determined by the
microprocessor so that its rate and weight can be modified.

One of the commands that exists in the WR6ABM computer is what
we call the Banana Boat Special - Morse code with a slightly
Southern accent. Block diagrams of the various circuit cards
are shown in Figures 2 through 4. As can be seen, the micro-
processor opens a whole new era of FM repeater control, allow-
ing increased capability and functionality as well as indivi-
dualism in design, together with the advantages of remotely
changing the capabilities of the repeater by software. It also
brings to the amateur knowledge of a new and very exciting
field of semiconductor electronics, the microprocessor.
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AMATEUR RADIO AND COMPUTER
HOBRYIST LINK VIA RTTY REPEATER

Alan Bowker and Terry Conboy

Many people interested in computers and communications
wonder where a good communications link is that can provide an
information interchange between computer hobbyists as well as
those just interested in communicating.

The answer is the growing use of the amateur radio teletype
repeater WR6ACR. This repeater is utilized for the promotion
of radio teletype as a means of communications for anyone who
is interested. And lately the interest has been computers!

The repeater is located on San Pedro Ridge just north of
San Rafael. The frequency is 147.93/147.33 MHz. Those wishing
to use the repeater should use narrow band FM transmission with
a two-tone audio keying shift of 185 Hz. (2125-2290). Since
the signal is FM, signals from miles around will get through
perfect copy almost all the time.

A simple T.U. (terminal unit) that decodes the two tones and
keys the printer loop supply is available at low cost. The
unit consists of a phase lock loop tone decoder, a function
generator to create the two tones when keyed and associated
circuitry for autostart.

Printers are readily available and very low cost. A Teletype
Model 15 or 19 is available for less than $100 and can be used
with your computer providing a conversion program is used to
convert from ASCII to the Baudot code which is used exclusively
on amateur radio.

Should you want more information call: Alan Bowker at
(415) 453-1853, San Rafael, or if you live on the Peninsula
call Terry Conboy at (415) 364-3107, Redwood City.
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THE NEW MICROPROCESSOR LOW COST DEVELOPMENT SYSTEMS

Phil Roybal
M/S 470

National Semiconductor
2900 Semiconductor Drive

Santa Clara CA 95051

While microprocessor prices have dropped dramatically in the past few o
years, the cost of the prototyping hardware that the user needs to get
his design off the drawing has stayed relatively fixed. Since most sales [

were to electronics companies who were used to paying thousands of

dollars for a piece of lab equipment, the market was not price sensitive.

That is, the people who needed the gear would pay the price, and those o
who didn't need it wouldn't buy and if the price were cut in half.

Then, about a year ago, a dramatic change began to occur in this o
market as the plunging prices of microprocessor components finally

brought them into the range of hobbyists and non-traditional "springs,

levers, and gears" users. These groups were both characterized by the o
fact that the old prototyping approach was not suitable for them: they

either could not or would not pay for the traditional microprocessor
prototyping tools. Yet it was still necessary for these users to go through
the same design steps that engineers had always gone through in the
development of their systems. Without access to large prototyping equip-

ment, the user was forced to start with a sack of chips and to build his

own prototyping system at the very time that he was least equipped to do
that. There had to be a better way, and the product that brought it
came out of an analysis of what actually happens in the design process.

Microprocessor system design involves two separate phases: design of the
application software, and design of the interfaces that connect the
processor to the rest of the system. In the past, there were only two
real approaches to these tasks for the engineer: He could take the
Cadillac approach (if he could sway management), and invest in a ven-
dor's prototyping system (Figure 1). This set him back several thousand
dollars; but it gave him everything he needed to operate the processor,
as well as a fair amount of software and a variety of supported periph-
eral devices. But it required a big investment for a small company

or one not yet sure that microprocessors really were the wave of the

future.

If an engineer couldn't sell the full system idea, there was always the
chip kit, offered by most microprocessor vendors to introduce their
On the surface, it seems to offer most of what a designer
needs to build up his prototype system. But let's look at what the
engineer must do with those parts, and we'll see the shortcomings of

products.

Figure 1. A full-scale Prototyping
System in the $10,000 price range.

the typical kit as a design tool.

Steps In The Design

Interface the processor to the devices to be
controlled

Create a small (1-2 step) program to move
data between the processor and the external
device, to verify the interface

Write a driver program, defining how the
processor is to operate the device

Debug the driver

Write programs around the driver, to process
the data and make the decisions about when
and how the device should be used

Debug those programs.

Figure 2. The SC/MP Kit: Low-Cost
and a good value, but how does the user
talk to it?
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As you can see, 85% of the work is software-oriented; and chip kits don't
offer enough capability to help much. A typical kit is pictured in

Figure 2. Although the kit offers the processor, support logic, memory
and interfaces, there is no easy way to communicate with it.

Most manufacturers get around this problem by programming a ROM
memory with a TTY driver and debug routine, so that a user can hook
up a TTY to the kit and enter his program through the keyboard. Un-
fortunately, this only helps those who have terminals at their disposal.
For those who don't, purchase of a TTY adds an extra $1000 to the cost
of a $250 kit (and a year's lead time as well, waiting for the TTY).

An alternative approach for the kit user is to get himself a PROM Pro-
grammer, and then to write his program directly in the PROM. The
PROM is then removed from the programmer, tried in the circuit, and
hypotheses are made about why the program doesn't work. Corrections
are devised, the PROM is erased, the new program is inserted, tried
again, adnauseam. . . . . . . . A tedious approach, because of the

lack of ability to manipulate the program as it operates, quickly
trying out patches until proper operation is achieved.

Is the user then stuck with a large initial investment to get into micro-
processor design? Well, nothing will completely replace the big
prototyping systems for users with a lot of hardware and software
development to do. But many a user finds the big systems an overkill,
at least at the beginning. Often, they offer more features than he
can use. Or, he finds he could use several systems, so that different

groups could work simultaneously. But his needs are bigger than his
budget. What he needs is a basic tool that he can expand as his needs
and budget expand.

The engineer normally approaches his design in the following way:

o

Layout the system elements

In short, he needs . . . . .
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A Low Cost Development Tool o 16-key pad for data/
command entry
A designer needs the following minimum capabilities in a microprocessor o 7 switches or keys for
prototyping tool: system control
o  Access to data and control lines from o 6 LED digits for data/
the processor status display
o Ability to enter simple programs (preferably o 20 mA current loop terminal
in octal or hex code) directly into main interface
memory o Firmware to control preceeding
o  Ability to manipulate and display the program, items
to control program execution, and to easily change o Debug firmware for both stand-
the program as bugs are discovered alone and terminal operation
B. CPU/MEMORY CARD, containing the SC/MP
The preceeding features might be considered the bare minimum for a useful microprocessor, support logic, 256 bytes of RAM,
development tool. In addition, the following features can greatly increase and socket for 512 bytes of ROM or PROM.
the usefulness of the tool: C. Chassis, to support the motherboard.
o Ability to expand the prototype in an
orderly way to encompass all memory and This configuration, which comprises the minimal LCDS, may be extended
interfaces required in the final application by addition of memory and I/O cards which plug into the extra slots on
o Ability to interface a terminal for full keyboard the motherboard; and by means of an external card cage or other device,
input and hard copy output which connects to the data and control busses of the motherboard through
o Ability to edit and assemble source programs a ribbon cable. To keep the system compact and inexpensive, +5 and =12
o Ability to interface inexpensive bulk storage volt power is drawn from standard lab supplies. The system is other-
(cassette, paper tape, etc.) for rapid program wise self-contained.
loading and saving
o  Ability to use a high-level language So what can you do with it? Let's look at it in operation.

All this capability must be packaged compactly enough to fit on a
crowded bench. It must be rugged enough for continuous, reliable
operation, and it must be relatively low in cost. Up to this time, no
major microprocessor vendor has come up with a tool that meets all
these criteria. Most of the kits on the market leave the engineer with
a handful of hardware, a lot of questions, and not a little frustration.
It was in response to this frustration, expressed both by users and by our:
own development engineers, that National designed the Low-Cost
Development System (LCDS). The first LCDS has been built up around
the new SC/MP (pronounced "scamp") microprocessor.

The SC/MP LCDS

The SC/MP LCDS, pictured in Figures 3 and 4, provides all of the
basic features a designer needs. It gives him the tools to develop smal
software programs in a compact, low-cost package. And it is readily
expandible to handle more complex system tasks involving many
interfaces and large amounts-of memory .

Figure 4, SC/MP LCDS: Details of
controls and Data Entry Keyboard

To use the LCDS, the engineer first builds up an interface to the device
to be controlled, using small wire-wrap cards which plug directly into the
LCDS motherboard. He connects up the LCDS, powers up, and resets

the system with the INIT key. Now he's ready to begin program develop-
ment.’

Taking the program that he has written in hex using the SC/MP Pocket
Instruction Guide, the user enters his code into RAM on the LCDS
through the keypad as follows:

KEY DISPLAY OPERATION
MEMORY ADDRESS —————— Put system in Memory Address
i mode. '
i t
Figure 3. SC/MP.LOW Cost Development C-F (4 digits) XXXX YY Enter address of start of program.
System (LCDS) as it would be set up to . Disolay shows the addr tered
run SUPAK or NIBL Firmware Packages. ‘ isplay shows the address entere

(XXXX), and current contents

. of that location (YY).
The LCDS consists of the following elements:

A. Motherboard, which functions as both C F/LOAD MEM XXXK== Put system in data mode.
backplane and card cage for applica- 0-F (2 digits) XXXX Z2Z Enter word of new program into
tion cards, holds all control circuitry, RAM. Memory address incre-

and provides: ments automatically, and new
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KEY DISPLAY OPERATION
XXXY-- address is displayed as a prompt.

The user continues in this manner until his program has been transferred
to the RAM memory. He then presses 8/LOAD PC, enters the program's
starting address, and presses RUN. The program will execute until the
HALT or INIT keys are depressed or until it encounters a HLT instruc-
tion, at which time the display will show the contents of the Program
Counter. In the SINGLE INSTRUCTION mode, the processor can be
stepped through the program one word at a time to assist in debugging.
When the system is in the operator mode (as opposed to the program
execution mode) any memory address or processor register may be
examined or altered.

Designing a Simple Control System With The SC/MP LCDS

To explore the process of developing a simple system around the LCDS,
let us take the elementary example of a timer system, such as would be
used in simple process control or home system control applications.

In our application, we wish to activate a relay for a period of about
one second each time a delay is required. Let's see how our designer

would go about building us such a system,

Building The Interface

The first step is to interface the processor with the item to be controlled:
arelay. The SC/MP microprocessor has a special instruction for handling
delay functions, and this instruction controls a line on the bus called
DELAY. During a delay operation, this line goes high. At other times,
it is low. We will use this as our control line, and interface it to the
relay through a very simple driver circuit, as shown in Figure 5.

~ C
N~
<
—.— NO
| -
7~ 1l 5v ReLay
Al
300 > 2N3019
DELAY [ A e— '
GND [
| S —
Signals From SC/MP —
LCDS Bus Control Lines To
Solenoid

FIGURE 5
A simple relay interface for use with SC/MP LCDS.

Writing The Driver Program

Our delay program will be extremely simple. Because of this, we can
indulge in sloppy programming practice and omit a flow chart. Our pro-
gram will be activated by the user hitting the RUN button. It will turn
the relay on for about one second, turn it off again, and halt. The
program code looks like this:’

OPERATION CODE COMMENTS

LDI 255 C4 Load Accumulator With
FF 255 (FF)

DLY 255 8F Delay For .263 Seconds
FF Assuming 2us Cycle Time

DLY 255 8F Delay For .263 Seconds
FF

DLY 255 8F Delay For .263 Seconds
FF

DLY 255 8F Delay For .263 Seconds

x FF
HALT 00 Halt The Processor
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Trying It Out

Once the program is written, the designer goes to the LCDS and enters
the program into RAM through the keyboard. Since the above program
contains no labels or branches, it can go anywhere in memory without
re-writing. The engineer simply selects a starting location and enters
each byte of code consecutively into ascending locations. Once the
code is entered, prudent practice dictates a quick check, so we go
back to the starting location and step through the program, to check
each memory cell.

When the program looks good, we insert our relay card into a slot on
the LCDS motherboard, and we are ready for program evaluation. Cross
your fingers, hold your breath, and press RUN. If things go according
to plan, the relay will close for 1.052 seconds, open again, and the
processor will halt.

And Then . . . .

We now have a very simple delay routine which can be used as a sub-
routine for any program that needs it. By putting different values iato
the second byte of the instruction, or into the Accumulator, we can
change the delay time. By putting a 3-to-8 decoder between the DELAY
line and the transistor, and controlling it with SC/MP's user flags, we
can have an 8-station timer. And expansion can go on and on, limited
only by the imagination.

In this application, the SC/MP LCDS provided a convenient test bed

with all the communication, memory, and buffering circuitry in place,
ready to work on the user's application. The alternative would have been
to build those functions from scratch - a tedious prelude to doing some
useful work.

Expansion of The System

Those with a terminal available can get even more capability from the
LCDS. By connecting an ASR-33 TTY to the current loop interface, a
user can control the system from his keyboard and get a hard copy record
of each of the above transactions. Additionally, he can set breakpoints
for easier program debug, print the contents of blocks of memory, and
load and punch paper tape for program storage. With the addition of

a terminal, the user can now employ one of the standard SC/MP cross
assemblers. He can write his program in assembly language, and the
cross assembler will translate the program, give him an error listing,
and punch the binary output into paper tape for loading into the LCDS
through the terminal.

For those users who would like to expand their LCDS further and

achieve complete independence from cross assemblers on larger machines,
there are two software packages available for use on any standard LCDS
equipped with at least 4K bytes of extra ROM or RAM storage.

The first expansion package is SUPAK. This package contains;

o paper tape editor

o interactive line assembler

o P/N tape punch program
Using SUPAK, a programmer can now write source programs with the
editor in standard SC/MP assembly language. A pass through the line
assembler converts that source code into machine language, which may
then be run immediately on the LCDS. If the program operates properly,
the code may then be output as a P/N tape, ready to feed into a PROM
programmer, All source code written for SUPAK is fully upward com-
patible, so that it will assemble on the large macro cross assemblers with-
out error.

The second package is NIBL, National's Industrial BASIC Language.
This is a subset of Dartmouth BASIC, with special extensions to make it
suitable for writing control and I/O programs. Since NIBL is imple-
mented as an interpreter, it offers the advantages of instant error feed-
back and source code correction. It is easy to read and write, and many
engineers find it ideal for verifying program logic, writing quick test
programs, or even for incorporation into the final system.

For the hobbyist, NIBL has the advantage of being sufficiently close to
BASIC that most of the games in the public domain will run on the system
with little or no modification. Thus he can start with a small, inexpen-
sive system, build it up to run games and entertain him, yet have the
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power for real system development when he gets ready to have the proces-
sor actually do something.

Conclusion

SC/MP LCDS offers the designer or experimenter a convenient tool for
the development and debug of simple control programs. Although the
basic system is quite compact and inexpensive, it offers all the fea-
tures that many users will require for their prototype developments.

Yet, it expands readily through the addition of RAM, ROM/PROM, and
interface cards to handle complex system problems. Additionally, since
both the build-in keyboard and display are available to the user's pro-
gram, he can actually incorporate the LCDS right into his prototype if
he desires, saving both interface design and hardware fabrication time.
Finally, because the LCDS allows the use of large amounts of memory
(to 64K bytes), a terminal, and bulk storage, it encourages the develop-
ment of resident software by the experimenter. Games, small operating
systems, and even high-level languages may be implemented on the
LCDS, facilitating its use as an educational tool or a home control
system.,

Although manufacturers will continue to offer kits as merchandising tools
for their processors, a growing body of users will realize the limitations

of these kits for serious development projects, and will demand more
capable tools. A large percentage of these people cannot or will not

buy the larger prototyping systems. Or if they do, they will still en-
counter a need for smaller systems in the lab for interface and program
debug, while the big system is dedicated to major software developments.
For this body of users, a Low Cost Development System is the ideal answer,
since it gives the engineer on the bench the capabilities he needs, at

only slightly more cost than a kit of parts.
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A MEGABYTE MEMORY
SYSTEM FOR THE S-100 BUS

Glenn E. Ewing, Senior Engineer
IMSAI Manufacturing Corp.
14860 Wicks Blvd.

San Leandro CA 94530

Abstract

The 65-kilobyte address space supported by the S-100 bus is
inadequate for some applications otherwise within the capabil-
ities of 8080/8085 microprocessors. The number of S-100 boards
required to implement larger memory systems has also been a
limiting factor. This memory size restriction is eliminated by
the IMSAI ""Megabyte Micro" memory system. It can be implemented
within a single mainframe in any multiple of 16K bytes. The
system consists of 16K, 32K and 65K byte memory boards and a
memory management/interrupt controller board (IMM). The memory
boards are of conventional dynamic design and can be used alone
to implement memories of up to 65K. For larger memory systems
the IMM board is required. The IMM expands the address space
by driving four additional address lines (for a total of twenty)
which at any one time maps four memory blocks of 16K bytes each
into the CPU's 65K byte address space. The IMM maintains 16
software-presetable memory configurations to allow rapid recon-
figuration in multi-task applications. It also provides for
subroutine calls and returns to/from other configurations, read
protect, and two types of write protect. The interrupt con-
treller functions include vectoring to any memory location in
the megabyte address space with automatic system reconfigura-
tion and automatic CPU state save/restore. A real-time clock/
rate generator and a '"time of day" clock are also included.
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A NEW APPROACH TO MICROCOMPUTER SYSTEMS FOR EDUCATION

Alice E. Ahlgren, Ph.D.
Cromemco, Inc.

2432 Charleston
Mountain View CA 94043

ABSTRACT

This paper briefly examines the future role for
nicrocomputers in education and describes a unique, time-
sharing, microcomputer system developed by Cromemco -- the
Z-2 Education System -- to assist educators in obtaining
cost-effective, computer hardware designed for classroom
use. This new system provides a combination of economic and
practical advantages not previously available through either
large, centrally-located, time-sharing systems or through
small, dedicated, single-user systems. The Cromemco Z-2
Education System requires low capital investment, provides
time-sharing capabilities to support multiple users, provides
classroom access to computer hardware, and provides the
economy of shared resources. The Z-2 Education System is a
special configuration of Cromemco’s general purpose 2-2
computer system. Specific features are descibed in detail.

INTRODUCTION

The microcomputer industry has undergone phenomenal
expansion in the past year. Until recently, however, the
industry has focused largely on the industrial and home/
hobbyist markets and has all but ignored one of the largest
potential markets in the United States -- the education
narket. The reason for this failure is that neither
educators, nor hardware manufacturers and computer scientists
who entered the educational marketplace, really envisioned
providing students with personal access to a computer. Yet,
the availability of low-cost computers with increasingly
smaller dimensions and with lower power requirements is
possibly of greater importance to education than the advent
of large computers has been. Unfortunately, the current
educational effort is not sufficient to prepare students for
this kind of advancing technology.

There is little doubt that the computer is an appropriate
and valuable educational tool. However, what is really
important in the implementation of new technology is both
economic viability and practicability. Economic viability
requires no explanation. The practicability of a piece of
technology involves considerations "such as convenience and
accessibility, equipment reliability, acceptability to the
people who must use it, training required for its effective
use, and cost relative to that of other appropriate alter-
natives." [l] Of course, improvements in technology will be
of limited value unless they are matched by improvements in
software and system design. The software development
problem is, however, outside the scope of this discussion.

COMPUTER ALTERNATIVES FOR EDUCATION

Recently, educators interested in providing computer-
oriented instruction have had only two alternatives -- use
of large, centrally located, time-sharing systems or use of
small, dedicated, single-user microcomputers. Both alterna-
tives have serious economic and practical limitations. A
centrally located, time-sharing system requires a large
capital investment and also isolates students from the
computer hardware -- which endows the computer with a
mysteriousness which is undesirable. Small, dedicated
systems have the advantage of avoiding both these problems.
However, these single-user systems restrict the number of
people who can interact with the system and, in addition,
prohibit economies which can be gained (especially in
classroom settings) through the use of shared resources.

Now, however, as a third alternative, Cromemco has
developed a new microcomputer system which provides a
combination of economic and practical advantages from both
these approaches. This new, dedicated microcomputer system
-- the Z-2 Education System -- requires low capital invest-
ment, provides time-sharing capabilities to support multiple
users, provides classroom access to the computer hardware,
and provides the additional economies gained through the use
of shared resources. Thus, the Z-2 Education System (which
is a special configuration of Cromemco’s general purpose Z-2
computer system) was designed to meet a number of requirements

of school districts and colleges interested in using the
nicrocomputer for instructional purposes.

As mentioned previously, specific major stumbling blocks,
involving hardware, to the introduction of microcomputer
systems into school districts have included equipment costs,
limited system expansion capabilities, and the inability to
provide access to more than one user at a time. Equipment
costs have been of particular concern to educators operating
with limited budgets. The purchase of a large, time-sharing
system represents a major investment for most schools.
Furthermore, the cost of upgrading the system to serve more
users is frequently prohibitively expensive. For example,
the San Jose School District, in response to a growing
demand for computer facilities, investigated the possibility
of upgrading their PDP-8E system. School District personnel
discovered that close to $50,000 would be required to
upgrade the DEC system to 16-20 users, which far exceeded
any support the District could expect. (2]

The District’s solution to this problem was to purchase
nicrocomputers, with a long-range goal of one microcomputer
per school. The limitations of such a solution are immedi-
ately apparent, however. First, student access to the
machine is severely restricted since only one student at a
time can be scheduled to use the computer. Yet, hands-on
access for each student is essential for learning about
both computer hardware and computer programming. Thus, to
effectively increase access to the machine, the school
district would need to purchase additional microcomputers
for each school. Such expenditures represent a fairly high
equipment cost per student.

THE Z-2 EDUCATION SYSTEM

Cromemco’s response to this problem has been to develop
a time-sharing microcomputer system -- the Z-2 Education
System -=- which permits up to eight users to effectively use
the computer almost simultaneously. The Z-2 is also designed
to be completely expandable in order to meet the specific
applications required in classroom situations. For example,
one Z-2 microcomputer can support eight users and, if
desired, a floppy-disk drive, a line printer, and an
audio cassette interface. The resultant cost per student is
significantly reduced while increasing the power and versa-
tility of the system, increasing student access to the
computer, and consequently increasing the instructional
effectiveness of the system.

The expanded user access available through the Z-2
Education System is provided through a unique multi-tasking
approach. Multi-tasking in the Z-2 Education System is
accomplished both through a control program which selects
which task to execute first and through Cromemco’s unique
bank select feature which provides the expanded memory
capability required for multiple users. Essentially,
the 2-2 system provides eight independent banks of memory,
each with a capability of up to 64 kilobytes. For educational
uses, each bank is assigned to one user who interacts with
the computer through a remote CRT terminal or teletype
terminal. Using the bank select capability, the control
progran has access to all eight banks. The control program
then provides a prioritizing scheme which controls task
execution.

In addition to providing access to multiple users, the
Z-2 Education System has a number of other features which
make it particularly suited to classroom use. These features
include a fast, powerful CPU card based on the Z-80 micro-
processor; a motherboard with 21 card sockets which allows
for easy system expansion; and an extremely heavy duty power
supply capable of meeting virtually any power need.

As stated previously, a significant feature of the
Z-2 Education System is that it uses the Z-80 microprocessor,
generally considered to be the standard of the next generation
of microprocessors. The Z-80 has much more power and speed
than previously popular chips such as the 8080 or 6800. It
is also important that the new Z-2 uses an especially fast
version of the Z-80, one having a 4 MHz speed (250-nanosecond
cycle time). The higher speed (and recognized much more
powerful instruction set) of this microprocessor means, of
course, more throughput for the Z-2 than for any other
present microcomputer. Such higher throughput is especially
significant in a dedicated computer since, for example, it
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often means that the system can do real time operations that
until now were the province of much larger and much more
costly computers. The higher throughput also means that the
new Z-2 is ideal for the multi-user setup required for
effective classroom use. Furthermore, although designed to
work at 4 MHz, the Z-2‘s CPU card also has a 2-or-4 MHz

clock rate switch so that the Z-2 can be used at a 2 MHz
clock rate for compatibility with existing slower peripherals.

In addition to the powerful CPU card provided, the Z-2
system also uses the industry standard S-100 bus which gives
wide peripheral compatibility. Consequently, the Z-2 system
can support a number of peripherals which are of particular
interest to educators —-- such as a color graphics interface
which permits an ordinary color TV set to be used as a
full-color graphics terminal.

Since the Z-2 allows wide peripheral compatibility,
the power supply was designed to provide abundant power for
all foreseeable combinations of circuits and peripherals.
To this end, the Z-2 provides 30A from 8V and 15A from both
+18 and ~-18V.

In addition to providing such features, a microcomputer
system designed for classroom use must be highly reliable.
The need for reliable operation is particularly important to
educational users who are relatively unsophisticated about
computer hardware and who cannot afford large amounts of
down-time during school hours. A number of features of the
Z-2 were designed to provide this kind of reliability.

First, the front panel of the computer is totally free
and clear of controls or switches of any kind. As a result,
the computer is immune to accidental program or memory
mishaps which might be caused by accidental switch flipping
-- an occurrence particularly possible in a classroom
situation involving multiple users with varying degrees
of knowledge about computer hardware.

A mechanical feature that enhances operating reliability
is a sturdy card retaining bar in the Z-2 that keeps circuit
cards firmly in their sockets despite vibration, mechanical
shocks, and other types of impacts. When the retainer is in
place, cards simply can’t be jostled out of their sockets.

Another important feature of the Z-2 is the unique
ground-plane design on the 2l-slot motherboard. The design
reduces bus cross-coupling and ground-current noise by
several decibels over conventional designs.

A strong convenience for instructional situations is
the power-on, memory-jump feature which begins automatic
program execution when the power is turned on.

CONCLUSION

The Z-2 Education System is only a first step toward
Cromemco’s goal of providing high-quality, cost-effective,
reliable equipment to educational users. Certainly, the
impact of microcomputers on education is just beginning.
Perhaps two million elementary and secondary school students
use computers. Yet most of these students have seen
the computer only as an instructional tool for drill and
practice tasks or as a problem solving tool using Basic.
Opportunities for pursuing more creative and interesting
tasks have been limited by the lack of access to computer
equipment. Still, school districts are demonstrating an
increasing awareness of the need for instructional programs
in both computer programming and computer science. For
instance, computer concepts are already rapidly invading
the mathematics curriculum in a number of school districts
in the Bay Area. In the San Jose School District, computer
programming electives will be added to the curriculum within
the next few years. The speed and extent to which these
objectives can be accomplished, however, will depend in part
on the quality, availability and cost of computer hardware
designed for the education market.
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A COMPUTERIZED PROM PROGRAMMER, PROM EMULATOR, AND CROSS ASSEMBLER SYSTEM

Richard Erickson, President
Sunrise Electronics

228 N. El Molino

Pasadena CA 91101

Microprocessors are finding a wide variety of applications.
Upwards of $250 million worth of microprocessors will be con-
sumed in 1977 with an annual growth rate approaching 50%. The
speed, flexibility and data handling power of the microprocessor
is being used to make machines which are more intelligent and
consequently more useful.

It is appropriate that one such application should be an
intelligent PROM programmer, emulator, universal cross assem-
bler and program editing machine which is used to develop and
produce microprocessor based equipment. PROM programmers have
traditionally filled the single need of loading programs into
PROMs. PROM emulators have been sold separately and editing
aids have been part of an expensive development system dedica-
ted to a single type of microprocessor. Assemblers and cross
assemblers, which convert assembly language code into machine
code, have always required an expensive development system or
a time sharing service for their use.

SYSTEM STRUCTURE

Combining these four functions into one machine, shown in
Figure 1, takes full advantage of the microprocessor.
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FIG 1.

System Block Diagrame
MPU, Program Memory, Data RAM, Scratch PAD RAM, Emulator

Buffered Outputs, UART/TTY Driver and Cassette Driver,

The components of the system are the

The functional blocks of the system are the MPU,
Program Memory, Data RAM, Scratch Pad RAM, Emulator Buffered
Outputs, UART/TTY Driver and Cassette Driver, Keyboard and
Control Switches, Display, 2704/2708 Programmer and Expansion
Plug which connects to optional slave modules for programming
other types of PROMs.

The microprocessor is an RCA COSMAC 1802, an 8 bit CMOS
device operating at 5 volts DC with a 1 MHZ crystal controlled
clock. The resulting low power dissipation of the system per-
mits the use of PC mounted power transformers which are inex-
pensive, light weight, small and dissipate little heat. This
helps to reduce the cost, weight, and size of the entire
machine.

The microprocessor program memory can consist of 2K of PROM
or ROM. The basic machine comes equipped with one 512x8 pro-
gram ROM which contains all the software required to perform
the functions listed in Table 1. The user may modify the
machine functions by writing a program in COSMAC object code
and burning in a new PROM. The new PROM may replace the
existing PROM or it can be plugged into the unused PROM socket
which is the second 1K byte of program memory. The standard
data RAM is made up of 1Kx4 static RAMs. This RAM holds the
data to be burned into the PROM during the programming cycle.
The RUN/EMULATE switch is used to electrically disconnect the
Data RAM from the rest of the system and connect it to the
EMULATOR cable which plugs directly into a 2704/2708 PROM sock-
et in the users system. To the users system, the EMULATOR
cable looks just like a 2704/2708. An optional expansion kit
includes two more 4804 RAMs and an adapter cable assembly which
permits the emulation of 2048 words configured 2Kx8 or 4Kx4.
The adapter cable assembly can be easily customer wired to
emulate virtually any type of MOS, CMOS or TTL PROM or ROM.

The adapter board has cable termination to permit up to 8 256x8
or 16 256x4 PROMs to be emulated at once.

During emulation, Memory Data is nondestructively read out
and cannot be altered by the users system. Bipolar buffers,
installed in sockets for easy replacement, protect the RAM from
over voltages or shorts in the users system.

In the Emulate Mode, the microprocessor is in an idle state.
When the RUN/EMULATE switch selects the RUN mode, the Data RAM
is reconnected to the MPU. Load, modify, shift, move, dump and
assemble operations take place in the RUN mode.

The UART is an 8 bit CMOS Universal Assynchronous Receiver
Transmitter with its own crystal controlled clock. It inter-
faces the 8 bit data bus with 20 ma current loop TTY driver.
The UART may be run at 10 or 30 characters per second. Latched
error lights indicate parity, over-run or framing errors in
incoming or outgoing ASCII data. The standard system software
accepts BPNF formatted ASCII input and has a sophisticated data
analysis capability which permits rubouts, skips and other tape
anomalies to occur without producing load errors. A packed
format loader is available as an option. The user may change
the program to accept any other data format and perform any
other type of data manipulation he desires.

An optional cassette drive is available. It is supplied
complete with interconnect cables, test cassette and a pre-
programmed PROM which may be plugged into the unoccupied PROM
socket in the machine. This sub-system loads and unloads PROM
data at the rate of 30 8-bit words per second. The data for a
512x8 PROM can be loaded from the cassette sub-system in under
20 seconds. Up to 50 512x8 PROM data blocks can be stored on
each cassette using a deyboard entered identifying code fer
easy retrival. This feature reduces a large data library to
a handful of cassettes. The cassette drive greatly speeds the
loading operations when using any of the available cross
assemblers.

The keyboard and control switches permit the user to load,
dump and modify data, program, emulate, assemble and enter
specialized programs into unused RAM areas.

No training is required to operate the machine. The soft-
ware consists of a simple operating system requiring a minimum
of button pushing but having sufficient flexibility to allow
the user to expand the machine by adding new programs. The
steps in the procedures have names which correspond to the
switch, button and display names on the machine. This allows

Keyboard and Control Switches, Display 2704/2708 Programmer an untrained, unskilled operator to load a tape, modify the

and Slave Expansion Plug.

data, burn in a PROM and punch a new tape by following the
steps in the "Operating Instruction' card, Table 1.
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OPERATING INSTRUCTIONS

1. Press the Reset Button and then the Kun Button., The three digit
dieplay should show 000 and the three status lights should be off.
The "Q" light should be on.

2. Enter 4 Keystrokes according to the following table.

%, To exit from any function, press Reset.

Function

1st 2nd 3rad 4th
Sub Function Stroke Stroke Stroke Stroke
1 Load From TTY to Data RAM (BPNF) [¢] c 1 4
2 Dump From Data RAM to TTY (BPNF) 1 F 0 1
Starting Address in Data RAM - X X X X
3 Modify Data RAM 1 A 2 1
Address of Word to be Changed X X X X
New Data X X NE NE'
4 Load Data RAM from Keyboard Auto 1 B C F
Starting Address in Data RAM X X X X
Data X X
Data X X
S Copy Master PROM to Data RAM (o) 9 F 1
6  Burn in Dup. Prom from Data RAM 0 8 B A
? Locate and Display Address 1 F 8 ?
8 bit byte to be located - Ist
occurance X X NE NE
Next Occurance X X
8 Move Block 1 F 9 9
Starting Address of block to be
moved X X X X
Starting Address of New Locatian X X X X

TABLE 1.
Operating Instructions,.

The operator need only apply power, press RESET and RUN

and then enter the appropriate keystrokes.

The flow chart, Figure 2, shows the machine operation and
operator intcraction rcquired to load a tape and burn in a
PROM.

Pushing "Resct' and then "Run' puts the machine into the
operating mode. The program quickly procedes to a keyboard
input mode. The operator keys in the address of the program
to be run. This address is conveniently called out on the
"Operating Instruction' card. For TTY load function, the oper-
ator keys in '"OCl4'" which causes a program jump to the TTY in-
put program and to start reading the tape.

To summarize, the operator pushes: '"Reset"

HRun"
llOCl 4'!
Turn on tape reader.

This simple operating system allows a number of program
modules to be added to the system without changing the original
program ROM. As new programming slaves, a floppy disc or the
cassette drive arc added, appropriate programs can be loaded
into a new PROM which plugs into the unused PROM #2 socket
inside the machine.

Whenever additional slaves or the cassette Data Recorder
are ordered, a new instruction card and program PROM are pro-
vided. The new PROM contains a set of programs for operating
the particular set of add on equipment attached to that system.

The three digit hexadecimal display is under program control

Keyboard entry data is displayed as entered. The display also
indicated addresses and data during programming, data error
codes and other data appropriate to the machines' operating
mode.

The 2704/2708 family of 512x8 and 1Kx8 EPROMs are gaining
wide acceptance as industry standards for microprocessor soft-
ware development. The programming section of the SMARTY is
designed for these PROMs.

SLAVES

A 40 pin expansion permits the attachment of numerous slave
modules. Slaves are connected by 'daisey chain' which permits
the programming of many different types of PROMs without
having to plug in new modules. The user selects the module to
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be used by keying in the appropriate 4 Keystroke code shown on
his operating instruction card. Currently available modules
cover several EPROMs and TTL PROMs. Some of the modules
planned for the immediate future have the capability of pro-
gramming 4 or 8 PROMs at a time.

The final and perhaps most powerful feature of the system
is its cross assemblers. The MPU is designed to execute a two
pass cross assembler which we call DATA I/Q. This cross assem-
bler is designed to produce object code from the users Assembly
Language program. This object program is then resident in RAM
and may be used immediately to simulate the PROM in the users
system, to burn in a PROM, to punch a tape or write an object
cassette for later use.

The Cross Assembler for generating 8080 object code is now
available. We plan to product cross assemblers for the 6800,
2650, F8 and COSMAC in the immediate future.
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Figure 2 - Flow chart of monitor program.
Escape from any machine state is accomplished
by pressing "RESET".

With this system the user can assemble a program, try it out
by emulation, modify and debug it on his system and then burn
in one PROM which will be correct. He can do this with any of
the popular 8 bit microprocessors.

The SMARTY is a universal development tool as well as a ver-
satile PROM programming system.

The microprocessor revolution has offered a marvelous oppor-
tunity for engineers to expand their useful knowledge base and
to apply their creative skills to new and existing projects.
Those of us who participated in the development of the SMARTY
consider it our most rewarding achievement. I hope those of
you who use it will enjoy working with it as much as we have.

The Model SM-1 as described in this article is priced at
$1,495.00. The Model SM-C Cassette Data Storage Unit is priced
at $995.00 complete. The Slave modules range in price from
$175.00 to $595.00.
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HOMEBREW EXHIBITORS
fas of 3:30 a.m. on 77 April 7)

Dr. Franz Frederick

Room 112, Education Building
Purdue University

W. Lafayette IN 47907

(317) 749-2589

[Computer controlled “turtle”]

Laurence R. Upjohn
7297 Stanwood Way
Sacramento CA 95831
(916) 453-2476 x 3305

[Direct human interface!]

Dave Arnold & Don Hanson
116F Escondido Village
Stanford CA 94306

(415) 497-4971

[100% Homebrew system]

Joseph V. Jaworski

7051 Natal Drive No. 128
Westminster CA 92683
(714) 835-6000 x 426

Ken McGinnis, M.D.
Box 2078

San Mateo CA 94401
(415) 343-5611

[Dual Homebrew System]

John S. French

846 Tamarack Ln.
Sunnyvale CA 94086
(408) 745-4763

[Homebrew Micro System]

Don R. Donfray

770 Lakehaven Dr.
Sunnyvale CA 94086
(408) 245-7100

[Complete Small Computer System]

Ben J. Milander
1439 Kinsport Ln.
San Jose CA 95120
(408) 256-1832

[Low cost 6800 Hardware design] [Homebrew 8080 System]

Center for Contemporary Music
Mills College, Box 9991
Seminary and MacArthur Ave.
Oakland CA 94613

(415) 635-7620

[Oracle Booth!]

Donald C. Schertz
764 Toyon Drive
Monterey CA 93940
(408) 646-2982

[Multi voiced music synthesizer]

Tony Williams & Jim Coe
PO Box 369

Mill Valley CA 94941
(415) 383-7074

[Computer generated & controlled audio]

George Ledin Jr.

Computer Science Department
Harney Science Center
University of San Francisco
San Francisco CA 94117
(415) 666-6530

[Time share game playing & small computer building

exhibit]

Arthur Weigel

671 Iris Ave No. 14
Sunnyvale CA 94086
(408) 734-8102 x 550

[Self learning system]

Nishan Urkumyan

321 Cory Hall
University of California
Berkeley CA 94720
(415) 642-3730

[Computer driven locking system]

Dennis L. Wong
11266 Monterey Court
Cupertino CA 95014

[Micro disc Business Application]

Steven S. Shaw

6520 Beadnell Way No. 2E
San Diego CA 92117
(714) 452-4016

[Computer Color Graphics]

Daniel L. Wright & Richard Fish
280 Perrymont Ave. Apt. 1

San Jose CA 95125

(408) 297-3000 x 3828

[6800 Based Home Micro System]
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6502 PROGRAM EXCHANGE
2920 MOANA LN

RENO NV 89509
(702)825-8413

ASSOC.. FOR COMPUTING MACHINERY
S. F. BAY AREA CHAPTERS

BOX 60355

SUNNYVALE CA 94088

(415)851-7075

ACTION AUDIO ELECTRONICS
NESTLAKE SH()PPING CENTER
323 S. MAYFAIR AVE

DALY CITY CA 94015
(415)756=7440

ADVANCED MICROCOMPUTER PRODS
BOX 17329

IRVINE CA . 92713
(714)968-3655

ADVANCED TECHNOLOGY RESEARCH
ASSOCIATES (ATRA)

BOX 456

MINNEAPOLIS HN 55440

(612)377-7387

ALPHA MICROSYSTEMS

17875 SKYPAKK NORTH, SUITE N
IRVINE CA 92714
(714)957-1404

AMERICAN RADIO RELAY LEAGUE
225 MAIN ST

NEWINGTON CT os1t1
(203) 666-154

ANDERSON JACOBSON, INC.
521 CHARCOT AVE.

SAN JOSE, CA 95131
(408)263-8520

APPLE COMPUTER

20803 STEVENS CREEK BLVD
CUPERTIN) CA 95014
(408)996-1010

APPLIED DATA C()M“UHICATI()NS
1509 E. MCFADDE
SANTA ANA CA 92705
(714)547-6954

ARTEC ELECTROWNICS
005 OLD COUNTY ROAD
SAN CARLOS CA 24070

ASSOCIATED ELECTRONICS CO.
1885 . COMMONWEALTH, #G
FULLERTON CA 92633
(714)879-7707

BELL & HOWELL SCHOOLS

209 W. JACKSON

CHICAGO IL 60606
(312)939-3200

3ENDER PUBLICATIONS
NOKTHERN CALIFORNIA ELECTRONIC #cWS
SOUTHERN CALIFORNIA ELECTRONIC NEWS
BOX 3631
LOS ANGELES CA 90051
(213)737-6820

BERG PUBLICATIONS

1360 SW 199 COURT

ALOHA OR 97005
(503) 649-7495

BI LLI NGS COMPUTER CORP.
55

BOX 5
PROVO UT 84601
(801)375-0000
BLASTMASTERS, INC.

MULLEN COMPUTER B()ARDS
BOX-0214
HAYWAKD CA 94545

(415)273-5122

BOARD BYTERS
BOX 17512
IRVIWNE CA 92713
(714)586-8133
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COMMERCIAL EXHIBITORS
(as of 2:20 a.m. on 77 Apr 7)

BOOTSTRAP COMPUTER STORE
24 ST COMPONENT SHOP

3981 - 24 ST

SAN FRANCISCO CA 94114
(415)282-3550

BYTE PUBLICATI()PS, INC.

70 MAIN S

PETERBOROUGH N4 03458
(003)924-7217

BYTE SHOPS OF ARIZONA
813 N. SCOTTSDALE RD
TEMPE AZ 85231
(002)894=1129

BYTE, INC.

1261 BIRCHWOOD DR.
SUNNYVALE CA 94086
(408)734-9000

CALIFORNIA BUSINESS MACHI NES
2211 THE ALAMEDA

SANIA CLARA CA 95050
(408)244-7313

CALL COMPUTER &

COMPUTER CONVERSOR CORP.
1961 OLD MIDDLEFIELD
4T. VIEW, CA 94043
(415)964-9013

CENTER FOR TH= STUDY OF THi:
FUTURE

4110 NE ALAMEDA

PORTLAND Or 97212

(503)282-5835

COAPONENI SALES, INC.
7718-A BRANNAN ST

SAN FitANCISCO CA V4103
(415)861~-1345

‘()MPiLl\ KEAL JORLD ELECTRONICS
30X 51

LA CAI\AD/\ Ca 91011
(213)790=7957

COMPUCOLOR CORP.

5965 PEACHTREE CORNEWS, ©=AST
NORCROSS GA 30071

(404) 449-5961

COMPUTALKER COISULTANTS
BOX 1951

SANTA MOKICA, CA 90406
(213)392-523)

COUMPUTER CONVERSIONS COMPANY
1600 WOOLSEY ST.

BEKKELEY, CA 94703
(415)845-3832

COMPUTER DECISIONS MAGAZI ik
HAYDEN PUBLISHING CO., INC.
50 ESSEX 31

ROCHELLZ PARK iJ 07662
(201)843-0550

COMPUTER KI'lS, I.iC.

1044 UNIVERSITY AVE
BERKcLEY CA 94/10
(415)545-5300

PUTER YAGAZI Ni

I COHPUTER SOCIETY
2855 LAPLES PLAZA, #30|
LONG EEACH CA 901303

COAPJTER POWER & LIGHT CO.
12321 VELTURA BLVD

STUDIO CITY CA 91604
(213)760-0405

COMPUTER ROOM OF SAN JOSF
124-H- BLOSSOY ~{ILL RD

3AN JOSE CA 95123
(408) 226-83€£3

COMPUTER STORE OF SAN FRANCISCO
1093 MISSION ST

SAN FRANCISCO CA 94103
(415)431-0564)

COMPUTER T=SHIRTS
114 W 17 ST

NEW YORK NY 10011
(212)091-2821

CREATIVE COMPUTING MAGAZINE
BOX 789-M

4ORRISTOWN NJ 07960
(201) 766~7559

CROMEMCO

2432 CHARLESTON

4T. VIEW, CA 94043
4l5)964-7400

CUSTOM COMPUTER SYSTEMS

11 CREEKSIDE

IRVINE CA 92715
(714)752-1591

CYBERCOM / SOLID STATE MUSIC
2102-A WALSH

SANTA CLARA CA 95050
(408)246-21707

DAJEN ELECTRONICS

7214 SPRI NGLEAF CT

CITRUS HEIGETS CA 95610
(916)752-0947

DATA 1ERMINALS & COMMUNICATIONS
1190 DELL AVE.

CAMPBELL, CA 95008
(408)378-1112

DATAMATION

2630 BAYSHOR:E, #401

AT VIEW CA 94043
(415)965-8222

UAVIS LABORATORIES

2325 QUIKH AVie

S0X 2787

SANTA CLARA, CA 95051
(40%)984-2930

JAYTON ASSOCIALES

$OX 454

BURLINGAXE CA 94010
(415)347-9419

3AC SALES 3ROUP
BOX 352

DAVIS CA 95615
(916)723-1050

OIGITAL ELECITRONICS CORP.
415 PETEHSON ST

OAKLAKD CA 94601
(415)532-2920

IHE DISTTAL GROUP

BOX 0528

DENVEK, CO 80206
(303)757-7133

DIGITAL PROJECTS
1226 W. MAPLE ST
LOMPOC CA 93436
(805)736-37466

IGI lAL RESEARCH

30X

r’AC!rIC GROVE, CA 93950
(408) 373-3403

DIGITAL SYSTEYS

1154 DUNSMUIR PL.
LIVERMORE, CA 94550
(415)443-4073

JILTTHIU® PRESS

30X v2

FOREST GROVE OR 97116
(503)357-7192

DYMAX

30X 310

AENLO PARK CA 94025
(41%)323-0117

2 & L INSTRUMENIS

C/0 IFM, Tik.

30 W. EL CAKI:K) REAL, #C
AT VIEA CA 94040
(415)961-24823



E, S & L INDUSTRIES

867 S ROSE/ANAHM92805

80X 1260

SOUTH GATE CA 90280
(714)956-1477

ECD CORP.

196 BROADWAY

CAMBRIDGE MA 02139
(617)661-4400

EIDETIC DESIGNS / MEMCON
505 W. OLIVE AVE, #612
SUNNYVALE CA 94086
(408)737-2070

ELECTRONIC CONTROL TECHNOLOGY
BOX 6

UNION NJ 07083
(201)086-8080

ELECTRONIC TOOL CO.

4736 W. EL SEGUNDO BLVD.
HAWTHORNE, CA 90250
(213)6044-0113

ESCON
1235 - I0TH ST
BERKELEY CA 94710

(415)524-8664

EXECUTIVE DEVICES

966 PENINSULA, #103

SAN MATEO CA 94401
(415)342-0690

EXTENSYS CORP.

592 WEDDELL DR, #3
SUNNYVALE CA 94086
(408)734-1525

FLOOD & ASSOC.

5378 BOUTHE AVE

SAN DIEGO CA 92122
(714)455-0190

GALAXY SYSTEMS

4376 AVENIDA CARMEL
CYPRESS CA 90630
(213)0644-9881

GIMIX, INC.

1337 W 37 PL.

CHICAGO IL 00609
(312)927-5510

GNOMON ASSOCIATES

30X 23601

PLEASANT HILL CA 94523
(415)689-2925

GODBOUT ELECTRONICS

BOX 2355

OAKLAND AIRPORT CA 94614
(415)562-0636

HAL COMMUNICATIONS CORP.
807 E. GREEN ST

BOX 365

URBANA, IL 61801
(217)367-7373

HAYDEN BOOK COMPANY, INC.
MAIN OFFICE

50 ESSEX ST

ROCHELLE PARK, NJ 07662
(201)843-0550

HEURISTICS, INC.-

900 N. SAN ANTONIO, #C!
LOS ALTOS, CA 94022
(415)948-3542

HOBBY DATA
+ORENINGSG. 67
FACK 20012
MALMO SWEDEN
40-971-777

HUH ELECIRONIC MUSIC
PRODUCTIONS

BOX 259

FATRFAX CA 94930

(415)457-7598

T1ASIS INC.

815 A. MAUDE AVE.
SUNNYVALE, CA 94086
(408)732-5700

IBEX

1010 MORSE AVE, #5
SUNNYVALE CA 94086
(408)739-3770

FIRST COMPUTER FAIRE PROCEEDINGS

IC MASTER & UPDATE

UNITED TECHNICAL PUBS

1287 LAWRENCE STN RD
SUNNYVALE CA 94086
(408)734-8214

ICoM DIVISION

PERTEC COMPUTER CORP.

6741 VARIEL AVE

CANOGA PARK, CA 91303
(213)348-1391

IMSAI

14860 WICKS BLVD.

SAN LEANDRO, CA 94577
(415)483-2093

INFORMATION TERMINALS
323 SOQUEL WAY
SUNNYVALE CA 94086

INTEGRAND RESEARCH CORP.
3474 AVE 296

VISALIA CA 93277
(209)733-9288

INTEGRATED COMPUTER SYSTEMS
4445 OVERLAND AVE

LOS ANGELES CA 90230
(213)559-9265

INTELLIGENT COMPUTER SYSTEMS
777 MIDDLEFIELD RD, #40
AT VIEW CA 94043

INTERFACE AGe 4AGAZINE
13913 ARTESIA BLVD

BOX 1234

CERRITOS CA 90701
(213)926-6620

INTERSIL, INC.

10900 N. TANIAU AVE.
CUPERTIND, CA 95014
(408)996-5000

ITTY BITTY COMPULERS

BOX 23189

SAMN JOSE, CA 95153
JADE Co.

2351 W 144 ST

LAANDALE CA 90200

(213)079-3313

JENSER TOOLS & ALLOYS

4117 N. 44 ST

PHOENIX AZ 85018
(602)959-0021

JK ELECTRONICS

C/0 DAJEN

7214 SPRINGLEAF CT

CITRUS HEIGHIS CA 950610

KANEAATSU-GOSHO (USA), INC.
425 CALIFORKIA
SAi rFRAKCISCO CA 94104
(415)788-3800

AILOBAUD MAGAZINE
73 PINE ST

PtTERBOROUGH aH . 03458
(003)924-3873

LASSEN ELECTRONICS CORP.
BOX 1429
FREMONT CA 94538

LOGIC DtSIvh, I HCORPORATED
BOX 399

UNIVEHSIlY STATION
LARAMIE, WY 82071
(307)742-79717

LOGICAL SERVICES, INC.

/11 STIEKLIN ri.

AT.VIEW, CA 94043
(415)965-8365

LOGISTICS

900 DICKSON ST.

MARINA DEL REY, CA 90291
(213)823-0178

HECA

7344 WAMEGO TRAIL

YUCCA VALLEY CA 92284
(714)365-76€6

AICRO DESIGRS, INC.
499 EMBARCADERO
OAKLAND, CA  v4606
(415)465-1861
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MICRO-TERM INC.

BOX 9387

ST LOUIS MO 63117
(314)645-3656

MICROCOMPUTER ASSOCIATES
BOX 1167

CUPERTIN), CA 95014
(408)247-8940

MICROCOMPUTER DEVICES

564 S. GREENMNOOD AVE
AONIEBELLO CA 90640
(213)728-2393

MICRODESIGN

8187 HAVASU CIRCLE
BUENA PARK CA 90621
(714)523-8080

MICROMATION, INC.

524 UNION

SAN FRANCISCO CA 94133
(415) 398-0289

HICROPOLIS CORP.

9017 KESEDA BLVD, #204
NORTHRIDGE CA 91324
(213)349-2328

#ICROTRONICS

BOX 7454

MENLO PARK CA 94025
(415)854-5630

MIDWEST SCIENTIFIC INSTRUMENTS
220 W. CEDAK

OLATHE KS 66061
(913)764-3273

MINI-MICRO SYSTEMS MAGAZINE
5 KANE INDUSTRIAL DR.
HUDSON MA 01749
(617)562-9305

MINITERM ASSOC.
30X 268

BEDFOKD MA 01730
(617)648-1200

AINNESOTA MINING & MANUFACT-
URING COMPANY  (3M)

DATA RECORD PRODUCTS

3M CENTEK

ST PAUL MN 55101

(612)733-1100

MISSTON CIRLUITS, INC.
41060-C HIGH ST
FREMONT CA 94538

#OTOROLA SEMICONDUCTOR
4000 MOORPARK, #216

SAN JOSE CA 95117
(408)985-0510

MOUNTAIN HARDNARE

509 MARION CT.

BEN LOH#OND, CA 95005
(408) 249-2850

4OVONICS

1922 ANNETTE LN

BOX 1223

LOS ALTOS CA 94022

MR CALCULATOR
CONTEMPORARY 4RrKTG

39 TOWN & COUNIRY VILLAGE
PALO ALTO CA 94301
(415)328-0740

NATIONAL SEMICONDUCTOR CORP.
2900 SEMICONDUCTOR DR.
SANIA CLARA CA 95051
(408)737-5543 -

NEWMAN COMPUTER EXCHANGE
1250 N. MALN 3T.

ANN ARBOR MI 48104
(313)994-3200

AORTH STAR COMPUTERS, INC.
2465 - 4TH ST.

BOX 4672

BERKELEY CA 94710
(415)549-0858

OHIO SCIENTIFIC INSTRUMENTS
11681 HAYDEN ST

HIRA4 OH 44234
(216)509-7945
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OK MACHINE & TOOL CORP.
3455 CONNER ST
BRONX NY 10475
(212)994-6600

OLIVER AUDIO ENGINEERING, INC.
7330 LAUREL CANYON BLVD.

Ne HOLLYWNOOD CA 91605
(213)765-8080" -

PACIFIC OFFICE SYSTEMS
2600 EL CAMINO REAL #502
PALO ALTO CA 94306
(415)321-3866

PAIA ELECTRONICS, INC.
1020 WILSHIRE BLVD
OKLAHOMA CITY OK 73116
(405)843-9626

PARASITIC ENGINEERING &
MORROW/S MICRO STUFF

BOX 6314 & BOX 6194
ALBANY, CA 94706
(415)547-6612

PARSEC ELECTRONICS

5074 GEORGETOWN AVE

BOX A82327

SAN DIEGO CA 92138
(714)276-3255

PEOPLE#S COMPUTER CO.

1010 DOYLE ST.

BOX E

MENLO PARK, CA 94025
(415)323=-3111

PERIPHERAL VISION

3248 S. EUDORA

DENVER CO 80222
(303)777-7133

PERSCI

4087 GLENCOE AVE.

MARINA DEL REY CA 90291
(213)822-7545

PERSONAL COMPUTING MAGAZINE
401 LOUISIANA SE, #G
ALBUQUERQUE NM 87108
(505)266-1173

PFEIFFER, E & L

BOX 2624

SEPULVEDA CA 91343
(213)368-3996

PMS PUBLISHING CO.

12625 LIDO WAY

SARATOGA CA_95070
(408)996-0471 OR 255-7894

POLYHEDRAL SYSTEMS

437-A ALDO AVE

SANIA CLARA CA 95050
(408)244-2155

POLYMORPHIC SYSTEMS
460 WARD DR

SANTA BARBARA CA 93111
(805)967-2351

PRIME RADIX, INC.

1764 BLAKE ST/80202

BOX 11245

DENVER CO 80211
(303)573-4895

PROCESSOR TECH NOLOGY

6200 HOLLIS ST.

EMERYVILLE CA 94608
(415)652-3080

PSA, INC.

3677 WEST 1987 SOUTH
SALT LAKE CITY UT 84104
(801)261-2529

R.D.C. ENTERPRISES
3352 STANFORD AVE
"GARDEN GRUOVE CA 92641
(714)638-2094

R.H.S. MARKETING
DUTRONICS, DYNABYTE, PROMEDICS
INFORMATION TERMINALS CORP.
2233 EL CAMINO REAL
PALO ALTO .CA 94306
(415)321-6639
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REALISTIC CONIROLS CORP.
3530 WARRENSVILLE CTR RD
CLEVELAND OH 44122
(216)751-3158

RIGEL FOUR

BOX 1422

CAMPBELL CA 95008
(408) 379-8137

RO-CHE SYSTEMS
7101 MAMMOUTH AVE.
VAN NUYS CA 91405

ROMt COMPUTER APPLICATIONS FOR
LIVING (MAGAZINE)

RT. 97

HAMPTON CT 06247

(203)455-9591

S. D. SALES

BoX 28810

DALLAS TX 75228
(214)271-4667

S.F. CONVENITON PHOTOGRAPHERS
2 ST GEOKGE

SAN FRANCISCO CA 94108
(415)981-3624

SCIENTIFIC PROGRAMMING
2213 JEFFERSON

BERKELEY CA 94703
(415)692-1600

SCIENTIFIC RESEARCH, INC.

1712 FARMINGTON COURT

CROFTON MD 21114

(301)721=1143

(800)638-9194 [TOLL-FREE, OUT-0r=STATE]

SHEPARDSON MICROSYSTEMS, INC.
20823 STEVENS CREEK BLVD
8LDG. C4-H

CUPERTIN) CA 95014
(408)257=-9900

SINAI-JOHNSON, INC.

317 DOUGLAS

BOX 5218

REDWOOD CITY CA 94063
(415)365-6263

SMOKE SIGNAL 3ROADCASTING
30X 2017

HOLLYWOOD CA 90028
(213)462-5652

SOFTWARE TECHNOLOGY CORP.
BOX 5260

SAN MATEO CA 94402

(415) 349-8080

SOUTHERN CALIFORNIA COMPUTER
SOCIETY & SCCS INTERFACE MAGAZINE

BOX 54751

LOS ANGELES CA 90054

(213)980-7343

SOUTHWEST TECANICAL PRODUCTS
CORP. (SWIPC)

219 W. RHAPSODY

SAN ANTONIO TX 78216

(512)344-0241 OR 344-0242

STANFORD ELECTRICAL

ENGI NEERING DEPARTMENT
STANFORD UNIVERSITY
STANFORD CA 94305
(415) 497-4709

SUNRISE ELECTRONICS

228 N. EL MOLINO ST
PASADENA CA 91101
(213)963-8775

SUNSET TECHNOLOGIES
BOX 2411

GOLETA CA_ 93018
(805)968-7463

SYLVAHHILLS LABORATORY

I SYLVANW

BOX 239

STRAFFOKD 40 65757

SYMBIOTIC SYSTEMS

<1 1, BOX 206

NOODLAND CA 95695
(910)758-1896

SYNETIC DESIGNS .

1452 PROSPECT DR.

POMONA CA 91766
(714)629-1974

SZERLIP ENTERPRI SES
1414 W 259 ST

HARBOR CITY CA 90710
(213)325-9333

TARBELL ELECTRONICS

20620 S. LEAPWOOD AVE., SUITE P
CARSON CA 90746

(213)538-4251

TECHNICAL DESIGN LABS INC.
RESEARCH PARK, BLG H

1101 STATE RD

PRINCETON NJ 08540
(609)921-0321 :

TECHNICAL SYSTEMS CONSULTANIS
BOX 2574

Ao LAFAYETTE IN 47906
(317)742-7509

TECHNICO

2130 RED BRANCH RD
COLUMBIA MD 21045
(800) 638-2893

TELETYPE CORPORATION

5555 W. TOUHY AVE

SKOKIE, IL 60076
(312)982-3115

TELPAR, INC.

4132 MIlCHELL RD

BOX /9

ADDISON X 75001
(214)233-6631

TRIPLE I - PHI-DECK
4605 NORTH STILES

BoX 25308

OKLAAOMA CITY OK 73125
(405)521-9000

VANDENBEKG DATA PRODUCTS
BOX 2507

SANIA MARIA CA 93454
(805)937-7951

VECTOR ELECTRONIC CO., INC.
12460 GLADSTONE AVE

SYLMAR CA 91342
(213)365-9661

VECTOk GHAPHIC INC.

717 LAKEFIELD RD., SUITE F
WESTLAKE VILLAGE CA 91361
(80%)497-0733

VIDEO TErMINAL TECHNOLOGY
BOX 00485

SUNNYVALE CA 94088
(408)255-3001

VITEK

1160 BARBARA DR.

VISTA CA 92083
(714)724-0210

WAVE MATE - COMPUTERS & SYSTEMS
1015 W. 190 ST

GARDENA CA 90248
(213)329-3941

NESTiEkN DATA SYSTEMS

3650 CHARLES ST #G

SANIA CLARA CA 95050
(408)984-7804

NIZARD ENGINEERING

3205 RONSON RD, #C

SAN DIEGO CA 92111
(714)565-6021

NIZARD EYE STUDIO

#NOW 21 COACHMAN COURT
101 AEST. HAMPDEN
=hGLEROOD CO 30110
(303)761-3546

AIMEDIA CORP.
1290 - 24 AVE
3AN FKANCISCO CA 94122
(415)566-7472

AYBEL

$0X 4925

SIANFORD CA 94305
(40¢) 296=51 83



IEVE HOW MANY PEOPLE | HAVE TO TELL

RING
70 KEEP THEIR HANDS OFF My AsP SINCE [ BEGAN #ngIRT!!
Tue OFfICIAL FIRST WesT CoasT COMPUTER FAIRE

————

SHOW what you KNOW!!

Whether you’re in the barroom or the boardroom, you may rest assured that The Official First
West Coast Computer Faire T-Shirt (official attire for the Computer Faire) will bring to you
sartorial splendor. This tri-color T-Shirt (top-o’-the-stack blue, Byte-this! violet, up-&-running
orange) will amaze your friends, restore hair, and .prevent bullies from kicking sand in your
face--if your friends are gullible, your alopecia was temporary, and you avoid beaches.

On the other back, who cares?

Gee, You WOULDN'T BEL

In separate laboratory tests, Dr Seymour Squintz (who was born outside of a log cabin in the
Gaza Strip) stated: ““When | go down to the beach of life [in my Official First West Coast Com-
puter Faire T-Shirt] they may still kick sand in my mind’s eye, but | see it as cause for the
growth of a pearl rather than for the use of Visine.”

The fact that Dr Squintz subsequently and tragically incurred major cataracts, vehemently denied
he was an ardent voyeur, and accidentally committed reverse self-defenestration, is, of course,
unfortunate. And we will probably stop using his testimonial.

In the meantime, whether you're a shareholder or a sharecropper, on the board of directors or
simply bored of directors, buy a gross of these discreet garments, and flout them proudly.
Equally at home under a motorcycle jacket or a Brooks Brothers, the Computer Faire T-Shirt
will positively make you look stunning. Or maybe stunned.

In any case, keeping in mind that you are what you wear, and that, though this T-Shirt may be
taken to the cleaners, you never will be, we think you will agree that the proposed investment
of $4 a shirt is modest--at least compared to this solicitation! AFTER WEARING THIS

So, order generously. For as we sew, you shall reap. T-SHIRT, THEY BANN
DATA BUSING IN BOSTON.

(Please note: Because this is a limited edition, Officials from the Franklin Mint will, at an un-
.- specified time, uproot our cotton plants, shred our silkscreen, and set our copy writer adrift on
a small raft, blindfolded, in downtown Billings, Montana.)

If you want to Act Now!, contact the Actors’ Guild. |f you merely want to set the stage, then
buy the Computer Faire T-Shirt,
YES!! Send to me immediately (as ordered) The Official First West Coast Computer
Faire T-Shirt(s). | understand they are additionally fabulous for their unique property of
both cradling the wearer, and swaddling bystanders--innocent and guilty alike--
with exquisite envy, (So that Computer Faire may prepare legal defense for actionable
horripilatory incitement, please indicate your first intended bystander:

() Yves St Laurent, ( ) EE professor who flunked me, ( ) boss, ( ) janitor, ( ) janitor’s
J'tax accountant, ( ) maitre d’ at MacDonald’s, ( ) cat, ( ) computer club executive

Computer Phreaqu

Make More

Y T

v
i___s. M, council, ( ) tech rep, ( ) cheeky proctologist, ( )
E_L. XL SHIRT(S) @ $4 NAME
CALIFORNIA
RESIDENTS ADD 6% TAX STREET
1ST-CLASS POSTAGE ciTy

& HANDLING ($1/SHIRT) _ STATE. ZIP
TOTAL AMOUNT ENCLOSED.

Please send your order & payment rfﬂE FIRS'I\

(check or money order), to: '— ¢ N COA
1 Computer Faire : wﬁ — S
H Box 1579, Palo Alto CA 94302 JVE ‘,{..m.«--..:._, FAI
H (415) 851-7664 cOF e L S X
H Thank you. (‘__..u""' .
- ; 7 ores T v Wi




CYou CANBUY.

FRIME TIME ONA
FHALANX OF ABACUSES
(ABACI?) )

% qaws &’ F POLLYEAR |

MEMBERSHIP
BICENTENN'IAL

INTHE IEEE
CALENDARS COMPUTER
(Wit FREE

SOCIETY

£ INCLUDING AN
AUTOMATIC

FELT FEN TO SUBSCRIPTION
CHANGE DA7Z"SJ 70, COMPUTER

WERE THROWING iN A FREE copy'oF

MEAONOLSSONS /.
& MICROCOM/UTERS... wd

A NEAT LITTLE COLLECTION OF REFRINTS FKOM COMPUTE?

Organized and introduced by our technical editor, this volume carries a balanced selection of
everything we've published in COMPUTER about micros over the past two years.

20, ooo S
» AN ) oo TO THE HI\STZMIEHQKWHOSIGN uP

Fill out and mail the form below.
Find out why membership in the IEEE Computer Society is one of the best investments you'll ever make.

* Offer expires December 31, 1977.

Quick—send me everything | need to know about joining the IEEE Computer
Society. You can send me my free copy of ““Microprocessors and Microcomputers’’
when | join.

Name

IEEE COMPUTER SOCIETY

5865 Naples Plaza
Long Beach, California 90803

Note: Offer expires December 31, 1977.
[J Please send a copy of the Computer Society Publications Catalog.
MAIL THIS FORM TO:
IEEE Computer Society 5855 Naples Plaza Long Beach, California 90803

|
|
|
I
Address |
I
|
|
|

INSTITUTE OF ELECTRICAL AND
® ELECTRONICS ENGINEERS

r—————=—"—"""1



TUTORIALS

for computer

people

from the

IEEE COMPUTER SOCIETY

MICROCOMPUTER 77 CONFERENCE RECORD

April 6-8, 1977 — 274pp.

A collection of over 50 papers describing the latest devel-
opments in microcomputer hardware and software as well
as a wide range of microcomputer applications. Topics
include communications and intelligent terminals, devel-
opment systems, high-level languages, Basic for micro-
computers, systems design, simulation and emulation,
fault detection, and peripheral memories.
Non-members—$20.00 Members—$15.00

MINICOMPUTERS & MICROPROCESSORS - 271pp.
Review of recent developments in both minicomputer and
microprocessor technology. Each chapter begins with a
short section which introduces the topics to be discussed
and also highlights the significant points found in the
chapter. Topic headings include technological advances,
microprogramming, minicomputer architectures, micro-
processors, mini and micro computer system development,
and interfacing and peripherals.

Non-members—$12.00 Members—$9.00

PROCEEDINGS OF THE SYMPOSIUM ON DESIGN
AUTOMATION AND MICROPROCESSORS

February 24-25, 1977 — 110pp.

A collection of 19 papers examining the development of
design aids for microprocessors and microprocessor-based
systems. Sample topics include: capability requirements in
a multimicro processors, hardware/software simulation
environment; automatic design of multiprocessor micro-
processor systems; automated design based upon micro-
programmable bit-slice microprocessors; PLATO-PLA
translator/optimizer; user requirements for digital design
verification simulators; simulation hierarchy for micro-
processor design; verification of hardware designs through
symbolic manipulation; modeling for synthesis, the gap
between intent and behavior; and several discussions of
SARA.
Non-members—$12.00

W

Members—$9.00

@) INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS
va

SOFTWARE DESIGN TECHNIQUES (2nd Edition) —
282pp.

Intended for both beginning and experienced software
designers, this book contains 18 key papers plus over 100
pages of original material by the editors, Profs. Peter Free-
man of UC Irvine and Anthony |. Wasserman of UC San
Francisco. Major subject categories covered include the
importance of design and specification, differences between
design and programming, basic design techniques (abstrac-
tions, representation, structure diagrams, metacode). Also
includes a series of revealing case studies.

Non-members—$12.00 Members—3$9.00

MIMI 76: PROCEEDINGS OF THE INTERNATIONAL
SYMPOSIUM ON MINI AND MICROCOMPUTERS
November 8-11, 1976 — 244pp.

Forty-eight papers on hardware, software, systems, appli-
cations, and education presented by an international
group of computer professionals. A sampling of the titles
includes: A Timeshared Multi-User Approach to Micro-
processor System Development; A Floating Point Com-
puter for Generalized Spectral Analysis; A Resident
Micro-Assembler for Microcomputers; LS| Beyond the
MPU; Privacy Based Computer Design Using Microproces-
sors; and Microprocessor Instruction in Electrical Engi-
neering and Electrical Engineering Technology.
Non-members—$20.00 Members—$15.00

DESIGNING WITH MICROPROCESSORS — 150pp.

This unique tutorial, given by Professor Tilak Agerwala of
the University of Texas, Gerald Masson of Johns Hopkins,
and Roger Westgate of Johns Hopkins at COMPCON Fall
76, deals with the principles and practice of microproces-
sor design. Covers such topics as chip architecture, micro-
processor selection criteria, software aids, development
systems, microprocessor applications, networks, bussing
strategies, and distributed intelligence.

Non-members—$10.00 Members—$7.50
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