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KIMER: A KIM-1 Timer

Listing 1: Combination digital clock and timer program written for the MOS
Technology KIM-1 computer. The LED readout is used to display hours,
minutes and seconds.

12

Address Hexadecimal
Code
00 00 00
01 00
02 00

02 00 A5 00
02 02 85 FB
02 04 A5 01

02 06 85 FA
02 08 A9 00
02 0A 85 F9

02 OC 8D 03 17
02 OF A9 04

02 11 85 02

02 13 A2 20
02 15 CA

02 16 DO FD
02 18 A9 F1

02 1A 8D OF 17
02 1D 20 1F 1F
02 20 2C 07 17
02 23 10 F8
02 25 C6 02
02 27 DO EA

02 29 F8

02 2A 18

02 2B A0 00
02 2D A5 F9
02 2F 69 01
02 31 85 F9
02 33 C9 60
02 35 FO 04
02 37 A2 19
02 39 DO 23
02 38 84 F9
02 3D 18

02 3E A5 FA
02 40 69 01
02 42 85 FA
02 44 C9 60
02 46 FO 04
02 48 A2 14
02 4A DO 12
02 4C 84 FA
02 4E A2 10
02 50 18

02 51 A5 FB
02 53 69 01
02 55 85 FB
02 57 Co 24
02 59 DO 03
02 5B 84 FB
02 5D CA

02 5E D8

02 5F A9 04
02 61 85 02
02 63 4C 15 02
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Labet

SETHR:
SETMIN:
CNTR:

START:

TIMER:
DELAY:

WAIT:

MIN:

HRS:

SET:

Op Code

=00
00
=00

LDA SETHR
STA POINTH
LDA SETMIN
STA POINTL
LDA #00
STA INH
STA 1703
LDA =04
STA CNTR
LDX =20
DEX

BNE DELAY
LOA #F1
STA 170F
JSR SCANDS
BIT 1707
BPL WAIT
DEC CNTR
BNE TIMER

SED

cLC

LDY 00
tDA INH
ADC 01
STA INH
CMP =60
BEQ MIN
LDX =19
BNE SET
STY INH
cLC

LDA POINTL
ADC 01
STA POINTL
CMP #60
BEQ HRS
LDX #14
BNE SET
STY POINTL
LDX 10
cLC

LDA POINTH
ADC =01
STA POINTH
CMP #24
BNE SET
STY POINTH
DEX

CLD

LDA #04
STA CNTR
JMP DELAY

Comments

Set starting time.

Set PB7 as input.
Set timer loop count.

Timer calibration.

Start timer.

Display current time.
Wait for timer interrupt.

Decrement counter.
Finish second timeout.

Set decimal mode.
Clear carry.

Get seconds.
Add 1.

Check if next minute.
Branch if yes.

Set delay count.

Wait for next timer start.
Clear seconds.

Get minutes.
Add 1.

Check if next hour.
Branch if yes.

Set delay count.

Wait for next timer start.
Clear minutes.

Set delay count.

Get hours digits.
Add 1.

Check if next day.
Branch if not.

Clear hours.

Adjust delay count.
Clear decimal mode.
Reset loop count.

Start next cycle.

Robert Baker
15 Windsor Dr
Atco NJ 08004

This short program converts your KIM-1
into a 24 hour digital clock and illustrates
the use of the built-in timer for long time
delays, and the use of instruction loops for
shorter delays. The 7 segment displays
are used lor output, and are used in con-
junction with one of the routines in the read
only memory which drives them.

To use the internal timer, 1O pin PB7
of 6530-003 must be set as an input pin to
allow testing of the timer interrupt. This is
accomplished by setting bit 7 of the direc-
tion register (location 1703) to 0 before
using the timer. The timer is started by
loading it with the desired delay count, and
the address used  determines the timer
frequency and whether or not to enable the
timer interrupt. Bits O and 1 of the address
select the timer frequency as 1, 8, 64, or
1024 ws per timer count while bit 3 enables
the timer interrupt if set to 1.

This clock program uses the internal
timer for a time delay ot approximately
250 ms. Alter four time delays (1 second),
the current time is incremented by 1 and
the timing cycle continues. Whenever the
time count is being incremented, instruction
timing delays are added where needed to
keep all time delays constant for whatever
program route is taken. An additional
instruction delay is added within the 1
sccond timer to calibrate the timer to
exactly 1 second. If your system clock is
slightly slower or faster, you may have to
adjust the timer count (location 0219} for
about 1 ms increments and the calibration
count (location 0214) for 4 us increments.

To set the clock, enter the desired start-
ing time hours in location 0000 and minutes
in location 0001. To start the clock, set the
program starting address (0200) and dcpress
GO at the desired starting time (as sct
in locations 0000 and 0001). If the starting
time is set as 0000 (hours and minutes), the
program can be used to measure elapsed
times for special applications by using the
“ST" button to stop the program. For even
fancier applications, you can add testing of
an external switch to start and stop the
clock. If you would rather have a 12 hour
clock, simply change the contents of loca-
tion 0258 from 24 to 12.m

































INTRODUCING
THE G2 PROGRAM
LIBRARY.

7,
Now you don't have to be a programmer fo use
your com p“'er! At last there’s a reliable, professional source of useful and entertaining

programs for your personal computer. The G2 Program Library from GRT
unlocks the full power of your personal computer. Without any programming knowledge on your part.

The G2 Program Library consists of applications programs pre-recorded on cassette tapes. A detailed manual
with each cassette provides complete instructions. And G2 programs contain prompting instructions. So they’re
easy to use every step of the way. Just load the tape and G2 puts your computer to work.

The first three G2 program tapes are available now: For exciting family games, get Beat the House. You'll find
Blackjack, Craps, Roulette and Slot Machine programs, with truly random chances and realistic, casino-like payoffs.
Interested in your health? You'll want Clinic. Biorhythms, Dieting and Longevity programs give you new

perspectives in health and happiness, along with some pleasant guidelines to follow.

Need a better handle on your money? Buy Personal Finance. Checkbook is a comprehensive program to
balance your account and keep within your budget, while Best Choice is a novel way to make decisions based on
the facts you know and the relative importance of each. Use it for everything from choosing a new car to
selecting your next stereo.

Soon, every dealer that handles personal computers will stock the G2 Program Library. For the G2 dealer
nearest you, call us toll-free at 800/538-1770. (In California, 800/662-9810.) And if your favorite computer outlet
doesn'’t yet offer G2, have him call the same number

G2 is the newest product line from GRT, the world’s largest independent producer of pre-recorded tapes. We've
assembled a team of software specialists to produce the G2 Program Library. The finest library of personal computer
programs available.

Soon you'll see G2 program tapes in many other fields of interest. Including advanced programs to challenge
the interest of even the most serious computer user
Library is available for most popular brands of pe
Just select the package marked for the computer y

Start building your G2 Program Library now
And put the full power of your computer to

work for you. THEREASON
@

YOU BOUGHT
YOUR COMPUTER.

™ W

RT

A product of GRT Corporation
Custom Products Division

1286 North Lawrence Station Road
Sunnyvale, California 94086

Circle 148 on inquiry card. BYTE July 1978 23



























32

Top-Down

Modular

Programming
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Albert D Hearn
98 SW 13th Av
Boca Raton FL 33432

If you have done some programming,
you know that it’s one of the most en-
joyable and satisfying parts of personal
computer use. The very thought that the
vast power in the small system’s processor
is limited only by the program that you
write for it is tremendously exciting.

If you are new to the computer game,
the programs you have written up to now
have probably been relatively small and
uncomplicated, but you have developed
a lot of experience and confidence from
them. Most likely you haven't used any
particular technique in designing and writ-
ing your programs: you have probably
approached program design in an informal
way and relied upon your good senses to
guide you in this unfamiliar task. You have
probably also gained an understanding of
the full capabilities of the instruction set
and some of the little tricks (yes, ADDing
a binary number to itself really does result
in a left shift of one bit) which can be so
useful. You are also capable of writing 10
routines to do about any kind of data
transfer you want.

So now you are ready to do a program
which does something really useful. The
program you have in mind is going to be
larger and more complicated than those
you have done previously. While you might
not expect this, your previous informal
methods of designing and coding might
possibly be inadequate and could cause
you much grief if you attempt to use them
on a larger program.

Hopefully, 1 can help you prevent these
kinds of difficulties by showing you in’ this
article an easy to use method of designing
and structuring larger programs which can-
greatly simplify your personal efforts,
regardless of complexity.

The Concept

Someone once said, “To solve a complex
problem, simply break it down into a num-
ber of less complex pieces, then proceed to
solve it one piece at a time.” This approach
has been used for many years in the design
and building of electronic equipment. It
results in a “‘building block,” or “modular”
construction, where each block or module
does some distinct part of the total function
of the equipment. For instance, think of the
last time you saw a diagram of a radio re-
ceiver. It was probably in the form of a set
of separate blocks representing the RF
amplifier, mixer, IF amplifier, and so on.
The blocks were all connected with flow
lines showing the sequence in which each
equipment module processed a signal coming
from the antenna. The diagram enabled the
reader to understand the function of the
radio one module at a time, in relation to
the whole radio.

So how does the idea of using building
blocks and solving problems piecemeal
relate to the programming of personal
computers? The answer is that these same
ideas are very applicable to programming
and have been in use in commercial pro-
gramming for a number of years. There is
no reason that good use of them can’t be
made in the amateur computer hobby also.

Top-down Design

Top-down design of microprocessor pro-
grams requires that you first have a clear
notion about what it is that you want the
program to do. You should ask yourself
questions like, “What function do | want
performed?”, “What input information is
available?”, and “What output information
or action do | expect?”’ When you can
answer these questions, you've actually
completed the highest level of design.
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level | (highest)

Figure 1. A basic top-
down design diagram is a
structure like this. The level 2
number of levels may vary,
and the number of boxes
may wvary, but the basic

idea is given by this level 3 (lowest)
prototype.
checkbook
bank stmt
deposit slips

checks
Figure 2: The first level of
design is the act of saying
“l want a program to do
thus and so.’’ Here '‘thus
and so’’ is defined to mean
checkbook balancing.

The basic principle of top-down design
procedure says that you start at a very high
level of function definition and then pro-
gressively expand that function into more
and more detail until you're at a low enough
level to begin coding your program.
Actually, this is a very natural way to
design solutions to any problem, but, for
some reason, this method was very slowly
applied to programming. The top-down
method is different from bottom-up, where
the concern is for coding and details before
a real program design has been done. Bot-
tom-up methods work on the ‘‘how’’ aspects
of the program before the ‘“‘what’ aspects.
An analogy of this method would be the
building of a house, using no structural
plans, by first laying down a convenient
foundation and then gradually adding
wood and stone until some desirable struc-
ture has evolved.

Let's take an example of a function
that could be performed on a microproc-
essor system for the purpose of illustrating
the technique of modular, top-down pro-
gram design. The function, monthly check-
book balancing, was selected because it is
a process that is familiar to most of us and
it contains all of the elements which make it
a good example.

In order to design what you want the
program to do, begin by drawing a multi-
level design diagram like the one shown
in figure 1. The diagram will describe what
the program does at a number of different
levels of detail, starting with the highest

implied implied
inputs balance outputs
checkbook

level which is a single block describing the
overall function. The next lower level of
blocks breaks the higher level function into
a number of more detailed subfunctions.
The next level takes those blocks and breaks
them into even greater detail, and so on.
An important point to remember is that the
total function of the program is represented
at each level.

Figure 2 illustrates the first steps in the
top-down design of your checkbook balanc-
ing program. The first block simply states
that the program will balance your check-
book. There are no details in that block and
it certainly doesn’t invite coding at this
point in the design. For input, you know
that you will have your checkbook entries,
monthly statement from the bank, deposit
slips and cancelled checks. The output you
want is a comparison of your checkbook
balance (adjusted for recent deposits, ser-
vice charges and outstanding checks) and the
balance shown on the bank statement. You
also want to know where any errors were
made and what corrections are required.

The second level of design, shown in
figure 3, breaks the first level block into
three major subfunctions. Although this sub-
division could have been done differently in
terms of the content of the second level
blocks, the sum total of those functions
always adds up to the entire function of the
program. The idea is that you start the
process slowly and don’t attempt to develop
too much detail too soon. Keep the number
of subfunctions small, five or fewer, under

comparison of checkbook

and bank balances
errors
corrections
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Figure 6: While the sequencing of the diagram shown in figure 5 is adeguate,
it is often useful to explicitly partition all sequencing of execution in a
separate module called the ‘executive” for the application. This flowchart
shows a simple example of such an executive program which sequences the
major operations of the application.
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flowchart showing the required sequence.
Will each function be performed for each
pass through the program? If not, add deci-
sion blocks showing the conditions under
which each such function is executed. Also
add any function blocks which may be
necessary to initialize data, clear tables,
10 data, etc.

Figure 5 shows a sequence of functions
which results from the design of your exam-
ple checkbook balancing program. Actually,
the functions shown are probably too high
level for this step, but for the sake of illustra-
tion, the diagram should make the point.

At this time, | would recommend that
you consider making use of a special pro-
gram structure called an executive routine,
which offers some significant advantages.
The executive is the main routine in the
program and primarily contains calls to
the function modules which do all the
processing duties. It makes all decisions
about the sequence of execution. [t also
contains the starting and ending points of
the program. The objective of the executive
is to concentrate most of the decision logic
and common function of the program into
a separate routine which becomes another
program module.

In this way, the function modules need
not, and should not, make sequencing deci-
sions. They should never directly pass con-
trol to another function module. This should
be done only through the executive. A func-
tion module’s only responsibility is to be
given control by the executive, do its
assigned job, and then return control back to
the executive. Function modules are written
in the form of subroutines using the call and
return facilities of the programming language
being used. They should also contain a
generous sprinkling of comment statements
to insure a high degree of understandability,
as well as a well-defined 10 interface to the
outside world and the rest of the program.

Figure 6 illustrates the final step in the
modular, top-down design of your check-
book balancing program. You have added an
executive routine and some necessary house-
keeping routines. You could begin coding
the program from this flowchart by first
writing the executive and the associated
subroutine ralls for each of the processing
modules. s writing dummy subroutines
which simply return control when they are
called, you can test your executive for cor-
rect operation without the need for the real
processing modules.

The next step, of course, is writing the
processing routines. This is simplified by the
design approach described in this article
because it allows you to work on each routine
as a separate unit which can be written and
tested independently of all other routines in
the program. When all routines are com-
pleted, they simply plug into the executive
to form a total program. Later, if you want
to change the sequence of execution, add or
delete functions, it can be simply a matter of
manipulating modular routines. ®
























The current wonder of the
semiconductor world is
the 16 K dynamic pro-
grammable memory.

RAS

CAS

ADDRESSES

WRITE

Dour

when address multiplexing is discussed later
in this article.

The current wonder of the semiconductor
world is the 16 K dynamic programmable
memory. The 16 K dynamic memory part
that provides the prototype for the industry
is the MOSTEK MK4116. This is the part
that virtually all semiconductor memory
makers are laboring to emulate, due to its
high performance and low power. Intel is
another large suppliecr of 16 K dynamic
memories in the form of the 2116, but the
2116 dissipates much more power than the
4116 and is not truly compatible with the
4116 type part which the rest of the indus-
try is lining up behind. Intel will shortly
have a newly designed part that performs
like the 4116. Texas Instruments is also in
the process of redesigning their 16 pin part
to perform like a 4116.

The 16 K dynamic memory is in high
demand these days, and the suppliers have
not begun to meet the demand. This spells
bad news for the experimenter, because
prices will remain high ($20 to $30 each
even in high volume) until the supplicrs
catch up to the demand. The day the 16 K
chip becomes a “jeilybean’ part, such as the
2102, is probably about two years off.

There is, however, a sneaky way that the
16 K part can be used economically today.
Like all integrated circuits, the 16 K part
undergoes thorough testing before it is
packaged and sold as a part. The die size of
the 16 K part is so large that the probability
of something being wrong with one or a few
array cells is fairly high. Clever manufac-
turers (presently MOSTEK and Intel) are
taking the parts which have problems as a
16 K part, and retesting them to see if either
of the two 8 K halves of the array function
perfectly. And they do indeed find many
parts which are perfectly acceptable 8 K
parts. These parts are not factory “‘rejects’’:
they meet ail specifications for the 16 K
device, but you can only use half of the part.
Two part numbers specify the devices and
tell the designer that a particular address
fine (AO) must be always high or always low.
This permanently selects only the ‘‘good
half.”

If you look closely at some of the current
dense Altair (S-100) bus compatible memory
boards, you'll see these devices (intel calls
theirs the 2108; MOSTEK's is the 4115).
This type of part makes everybody happy.

Continued on page 140

Vine -
Vig -

-

N

o

t Rp ——8

ro— LCRP —a

h— tCAH

COLUMN
ADDRESS

Lres Ay

—a{ trew '.,

e

Vo -

e————— ' cac —— o

tRac ——

N

VoL ~

OPEN

—— toFF
w VALID
\k DATA

Figure 3: Dynamic memory timing for the MOSTEK MK4116 16 K dynamic memory (Courtesy MOSTEK). The following
steps are necessary for a memory cycle: set up the low order 7 bit address on the address line (for the case of the 16 K memory)
by setting the address multiplexer to state 2; wait for the address lines to settle; drop the row address strobe (RAS) line to the
low state to latch the low address into the port; wait the “row address hold time’'; set up the high order 7 bit address on the
address lines; finally, drop the column address line to the low state, which latches the high address into the port.
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head of a gentleman’s walking stick. A
hinged lid sprang open by a concealed
catch, and out popped a minute feather
covered bird model that opened its beak,
spread its wings and sang. The entire device,
except for its winding key, was housed in a
gold ornamented cylinder 1% by 2 inches
(3.8 by 5 cm) long. How’s that for miniatur-
ization? And I’ll wager it made a better song
than my blocking oscillator version.

There were bird organs, or accounts of
them, in antiquity. The Greeks used steam
or air to drive whistles mounted in bird
figures; the Arabs and Persians supposedly
did the same. The mechanism was some-
times a cluster of tuned whistles like a bank
of miniature organ pipes, and this arrange-
ment is found in a clock from 1750, but the
modern bird organ dates from about 1770
and was likely devised as a means of teaching
domesticated songbirds to sing. Soon minia-
turized, it was incorporated into decorative
objets d’art of all sorts: snuff boxes, per-
fume flasks, table centerpieces (these often
had small fountains of water and other dis-
tractions built in), clocks, even watches
(but these were very rare), and free standing
forms. One delightful version of the latter,
perhaps 9 inches (23 cm) high, depicts a
lady seated at her desk and a bird on a perch
pole nearby. Her hand is on a (mock) bird
organ, which she cranks while her pet listens
attentively. The bird then tries to copy the
song, but makes errors, which she corrects
by playing the lesson again so that the bird
“learns” and repeats it accurately, with
much enthusiastic flapping of wings, pivot-
ing on the perch, etc,

Large or small, the mechanism of bird
organs was always the same (see figure 1):
a main spring drove a gear train which oper-
ated a bellows to compress air in a wind box,
and another gear train drove an intricately
cut cam which, via a piston, varied the pitch
of a whistle connected to the air supply. A
similar cam operated a valve to control the
volume of the whistle tone. More gears drove
cams that controlled the beak, wings, and
pivoting actions via push wires ascending
the perch pole and the bird’s hollow legs.
Songs of eight or nine species are to be
found among bird organ mechanisms (some
elaborate devices had double or triple songs),
and the nightingale was most popular.
Remember the fairy tale about the mechan-
ical nightingale by brothers Grimm, about
18557 It lived in a jewelled tree, and some
devices were made in this form, but the
objet d’art was perhaps most popular,
being finished in enamel and gold and
frequently decorated with precious stones.
While bird organs were essentially one of a

kind machines, there was a sort of produc-
tion line for them maintained by the most
famous makers, and many thousands of
them exist in museums. A great many were
exported from France and Switzerland to
the Orient. They are still made, and, while
expensive, they are no longer the luxury of
rich men. [A German bird organ about the
size of @ pocket calculator is currently avail-
able for under $400 . . . CM|

In computer terms, the complete mecha-
nism might be described as a spring driven
power train controlled by a mechanical read
only memory whose values are stored as a
distance of the edge of the cam from the
cam’s center of rotation. In 45 seconds of
singing, there might be a fair number of
places where the notes sound, perhaps, six
to eight per second (during a trill).

Referring to figure 1, if we have two cams
which rotate in 45 seconds, and we allow a
time division of ten samples per second,
and if we allow eight bits of precision per
sample, we would require 900 bytes of read
only memory to simulate the control func-
tions of these cams.

A longer song, as in the tutorial automa-
ton described above, might require three
times as many bytes together with a smaller
number to control bird and figure motion.
This gives a total of 3 K bytes of mechanical
read only memory divided unequally among
several cams (something approaching the
storage capacity of contemporary read only
memory parts).

A better way to look at this sort of mech-
anism might be as a computer with analog
storage (varying cam curves) and analog
output (varying positions of the volume
valve and pitch piston). Information is
stored in the intricate curves of the cams.
The information is fixed there for all time,
or until wear or rust alter it, and may be
recovered whenever it is needed by rotating
the cam while the cam-follower rides on its
periphery. It is in every way an “‘analog’ of
the desired sound, but it is not a recording,
because it has been distorted in storage to
suit the particular readout mechanism being
employed (the cam-follower). (I have de-
scribed the stored information as digital
in order to facilitate the comparison; this
has validity because of the relatively small
number of analog positions and their re-
solvability into bytes of restricted number.)
Even in the 1770 to 1850 era the cam was
not a new invention, but this application
was novel. It was a benchmark in the field
of mechanics. Storage of information had
now become a tool of the mechanician,
where formerly mere repetitive movement,
the regular back and forth movement of a
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modern metal-cutting lathe, with a shaped
guideway to prevent chatter and twisting of
the tool.

Mechanism of the Automata

While relatively simple to explain and easy
to grasp when explained, Vaucanson’s
machines really are very sophisticated in
performdnce and embody concepts easily
100 years ahead of their time. The weight-
motor is a heavy weight suspended fiom a
rope wiapped dround a drum windlass,
which, while slowly ftalling, drives a gear-
train {speed controlied by a governor).
These gears slowly turn a cam-dium, the
master  controller “memory”  mechanism,
one rotation ot which equals one perfor-
mance of the automaton. This drum, per-
haps the diameter of a small keg and thice
teet long, has on its surface an array of rows
of studs of some sort, nails o1 wooden
knobs. Cam-tollowers, some sort of spring
foaded levers, ride on the drum surtace, one
for cach row (circle) of studs in the anay,
and cach cam-follower s for a moment
pushed out of place if a stud rotates by to
push on it.

There are as many circles ot studs on the
dirun as there are functions of the automaton
to be controlled, and the cam-follower unique
to that circle of studs does the controlling.
Thus, one row, say, controls the dilation and
contiaction  mechanism ot the lips, and
another 1ow might manage the movements
of the tirst tinger, left hand, and so on. There
would be about |2 tunctions to be controlled,
so dbout 12 1ows ur dircles of studs are
on the drum. Tt is rather like 4 giant music
bux movement, except that instead ot steel
necdles being plucked, cam-tollowers are
displaced, and with displaceiment cach fol-
lower pulls on g tlexible cable which 1s linked
by 1ty own pulley system to the finger, lip,
or vdlve thdt s unigue to 1t In some cases,
like the lip control mechanism, the require-
ment to produce music is for smooth varid-
tion from one stze 1o another, so the row of
studs for that tunction is replaced by a
sinvothly vdiying curve, a cam. In othe
cases, the fingering mechanism, a finger
either does ot does not cover a flute hole.
This is digital contol {the word comes from
counting on the tingers); the former is and
Jog, meaning that a little movement here
causes a proportional movement there.

When it is all put together and regulated
carctully, the machine will play the flute
using wind pressures as selected by the
distributor valve. For the sake of impressive
appearance, the machine is covered with a
wooden framework in human shape and is

clothed, but it would do its job bare. How-
ever, it would look like a machine and not
a person.

The tabor and flageolet player is similar,
but probably only two levels of wind were
employed, and the fingering is simpler,
probably four fingers.

The duck was essentially a giant version
ot the mechanism that operated the bird
figures described carlier but with many
moire, and more  complex, movements.
While it is possible that some weight sensitive
area was built into the pedestal so that the
duck started to gobble the tood only when a
plate was placed betore it, it seems much
mote likely that the operator carefully mem-
orized the duck’'s movements (which, ot
course, are identical every time) and returned
with the plate at just the right moment.
Otherwise the bitd would have been gulping
down thin air.

It they still existed, these machines would
provide an intriguing cdatalog ot carly 18th
centuly  movements,  probably including
sume  that Vaucanson devised for special
putposes that would not be rediscovered for
75 yedrs ot moie. But, as computers, the
machines were incredible. Here, 240 years
ago, was a digital and analog comiputer
preprogrammed with perhaps 300 to 500
bytes of read only memory, cach byte 10
or 12 bits wide. Vaucdanson appedrs to be
the tirst person to have seen the need tos
synchronous control of multiple tunctions
(how clse could you play a tlute except by
regulating breath angle and pressure while
simultancously tingering the proper notes?)
as well as the first who saw the possibility
ot designing mechanisms 1o eftect such con
ol that he used the music box spindle
approach to his problem is not to his dis-
credit, for that mechanism was known to
tuncuon reliably over fong pertods while
undergoing hittle wear. His incorporation ot
music box memory  devices into an array
on a single drum (the master conuroller)
cnabled him to produce some temarkable
results. He could conttol a variety of simul
tancous, interdependent functions because
they were all driven by the same “'clock.”
I'his was parallel ddata processing, in iela
tively small chunks, to be sure, but parallei
beyond doubt. The likes of 11 were not seen
agdin i mechanics untl the player piano
with its paper tape. 1t is not sv very different
from the way the central nervous system
dedls with data in many parallel channels
simultancously.

But why is this surprising? Jacques de
Vaucanson wds attempting to create lite.
It was his genius to approdch the task in
the manner of Living things.®






The Z-80 in Parallel

Bob Loewer Many design engineers have introduced
Micro Diversions Inc various types of parallel processing into
7900 Westpark Dr systems in order to achieve higher through-
Suite 308 put rates. Almost without exception though,

McLean VA 22101 these applications have been limited to

medium and large scale computers due to
price and complexity.

In the past two yedrs, microprocessors
have reached a level of sophistication which
makes them candidates tor parallel processing
systems. Such systems could conceivably
offer minicomputer performance at micro-

M oRe wa

MEMORY A0k

AEMORY 32k

KEY

aTa BUS
DORESS BUS
ONTROL BUS

Figure 1: The author’s parallel Z-80 system. Both processors work indepen-
dently, each supported by 32 K bytes of programmable memory. The proces-
sors are linked by 32 K bytes of shared programmable memory. The shared
memory, addressable by either processor as the upper 32 K, has its own
address and data buses. Shared memory conflicts are resolved by the arbiter
circuit shown in figure 2a.
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com er cost. This article is an investiga-
tion ot that idea.

The Z-80

The Z-80 microprocessor, manufactured
by Zilog, is a third generation LSI device
which offers tull software compatibility with
the 8080 processor.  Upgraded features
provided bv the Z-80 include: two sets of
exchange e registers, indexing, a full range
instruction set (including register or memory
bit operations), cleven addressing modes, a
nonmashable interrupt, dynamic memory
refresh address generation, and an interrupt
register to provide a high speed vectored
interrupt  response  to any location in
memory.

The Z-80’s minimum number of control
bus signals makes it easy to interface in
multiple processor configurations.

System Layout

My design consists largely of two Z-80
microprocessors (processor X and processor
Y} operating independently, each supported
by 32 K bytes of programmable memory
(sce figure 1). The processors are indirectly
linked by 32 K bytes of common memory,
making a system total of 96 K bytes. The
shared memory, addressable by either
processor as the upper 32 K, has its own
address and data buses. Data or address
signals are gated onto their respective bus
when (1) either processor performs an opera-
tion involving a read or writc against the
shared memory, or (2) either processor
attempts an op code fetch from the shared
memory, or (3) machine instructions com-
bine (1) and (2).

Shared memory bus conflicts are resolved
by the arbiter (scc figure 2a). Since the
processors use opposite phases of the clock,
requests for bus access can never be initiated
at exactly the same time. However, depen-
ding upon the instruction sequences being
exccuted, bus request conflicts can occur.
This problem, summarized in table 3, has
been carefully examined and is represented
by figure 3b. It illustrates what is assumed to
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Figure 3a: The basic 7-80 memory read or write cycle. Clock periods are referred to as T cycles
and the basic operations are referred to as M (for machine) cycles. The first machine cycle of
any instruction is a fetch cycle (M1). Subsequent M cycles move data to or from the memory.

sequences, 86 percent of the time the system
is at most one wait state away from syn-
chronization. Thereafter, bath processors
can execute read and write instructions from
the shared memory at 100 percent processor
utilization, assuming the instruction syn-
chronization is not lost.

Certainly opposing software will not
consist solely of instructions which offer no
bus interference. But it is clear that the most
efficient method of solving the shared mem-
ory bhus conflict problem is the one that will
achieve short term interprocessor synchroni-
sation whenever possible.

Arbitration Logic

Fach processor provides signals to the
arbiter which identify a valid shared memory
access request. 1C2a and 1C2b receive RFSH,
MRFQ, and A15 (the high order address bit
signal)  from their respective  processors.
MREQ indicates that a memory read or
write operation is underway: either A15 line

going high identifies the shared memory as
the object of the request; and the RFSH
lines insure that the dynamic memory refresh
strobe from one processor will not interfere
with the shared memory access request of
the other.

IC3a and 1C3b provide an opposing grant
or deny shared memory bus access proviso
that is strictly first come, first served. A
request from, say, processor X will cause
1C3a to drive XSELECT low, and coinciden-
tally disable 1C3b. Processor 'Y will be
locked out for the tength of processor X's
memory reguest. Now suppose processor Y
does make a reqguest for bus access when
processor X is using the bus. This condition
will force 1C4a to its low state, activating the
YWAIT line. The wait signal will continue
until processor X concludes its memory
access. Under no circumstances, however,
will processor Y be forced into more than
one wait state for this processor X access.

When XMREQ goes high, XSELECT follows

Beginning Finishing
Event Event Stipulation Delay Before Occurrence (ns)

XA15 high
XRFSH high to XSELECT low YSELECT high 28
XMREQ low
XATS high Y - S
XRFSH high to XSELECT low YSELECT low 25 after YSELECT goes high
XMREQ low
YA15 high _
YRFSH high to YSELECT low XSELECT high 28
YMREQ low
YA15 high ____ e

FSH high to YSELECT low XSELECT low 25 after XSELECT goes high
YMRFQ low
275 high
s "SH high to XWAIT low YSELFCT low 53
XMREQ low
YAT5 high
YRFSH high To YWAIT low XSELECT low 53
YMREQ low
XSFELECT high to YWAIT high YSELECT low 22
YSELECT high to YWAIT high XSELECT low 22

Continued on page 174

Table 2: Timing considera-
tions in the arbiter cir-
cuitry. The arbiter takes a
finite amount of time for
its logic circuits to effect
the changes shown. The
corresponding delays are
shown at the right.
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Figure 2: Opaque disk to
be attached to motor
Two guaps are cut
so the disk will be rota-

shaft.

tionally balunced.

TOP VIEW

when GO and DIR are high, and reverse
when GO is high and DIR is low. The DIR
signal may be reversed with GO remaining
high without damage. This reversal may
occur as often as desired, even many times
per second, without electronic damage.
Diodes D1, D2, D3 and D4 are used to
suppress switching transients from the
motor.

Higher powered motors or higher voltage
motors may be accommodated by using
7426 open collector gates in place of the
7400 gates or by using additional transistor
driver stages, as appropriate.

Position Feedback

Determining how many times a shaft has
turned in one direction is simple. Attach an
opaque disk with periodic gaps in it to the
shaft as shown in figure 2. Shine a beam of
light on one side of the disk and place a
phototransistor on the other side. Apply the

MOTOR

SIDE VIEW

Figure 3: Plucement ot phototransistors A und B. The phototransistors
should be within an eighth of an inch of the disk. The disk should be opaque
and painted flat black. The 60° gup size und 30° plucement of the photo-
transistors will provide a steady count once every 90° of rotation.

LIGHT

DARK A
LIGHT

DARK B

LIGHT

DARK A
LIGHT

DARK B

o

[ ] I

40 COUNTERCLOCKWISE ROTATION

]

[ [

-
b cLOCkwisE RoTArion  30° ROTATION

Figure 4: Phototransistor timing diagram. Note that the counter must count
up when a dark to light transition occurs on A and B is dark, or when a light
to dark transition occurs on B and A is dark. The counter must count down
when a dark to light transition occurs on B and A is dark or when a light to
dark transition occurs on A and B is dark. This assumes that a counterclock-
wise rotation causes an increase in count.
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output of the phototransistor to a Schmitt
trigger and count the high to low transitions.
Note that it is not possible to determine
the direction the shaft is rotating by observ-
ing the electrical signals generated,

By adding another phototransistor, it is
possible to determine the direction the shaft
is turning. The two phototransistors, identi-
fied as A and B, must be arranged as shown
in figure 3. The direction of rotation can be
determined by observing which photo-
transistor is the first one on when the gap
is encountered as shown in figure 4. The
direction can also be determined by observ-
ing which phototransistor is the last one
off. It is really necessary to use both of these
transitions in order to avoid miscounting
when the oscillating situation explained in
the caption of figure 5 is encountered.

The circuit to detect and register the
shaft turns is shown in figure 6. This circuit
functions by propagation delay. Signals A
and B are high when their respective photo-
transistors are on. Signals AD and BD are
signals A and B, respectively, delayed by
passing through four inverters. Similar
terminology applies 1o A+B and (A+B)D.
These signals are then “anded” and “ored”
together to make up and down counting
signals for the four cascaded counters.

The four counters provide 16 bits of
position information, or one part in 65,536.
In the unlikely event that additional preci-
sion is required, more counters may be
added. Note that the circuit generates four
counts per revolution. If more counts per
revolution are required, additional narrower
gaps may be cut in the opaque disk and the
phototransistors may be placed closer
together,

Construction

The opaque disk may be made from a
sandwich of two index cards and aluminum
foil glued together. The disk may then be
drilled to fit the motor shaft and fastened
with a drop of epoxy. If the motor shaft is
mounted vertically with the disk up, the
phototransistor may be mounted beneath
the disk. An incandescent desk lamp may be
used to illuminate the disk. The photo-
transistors may have to be adjusted a little
to get the unit functioning. Be sure the
collector of each phototransistor reads over
4V when dark and under 0.5V when
illuminated. Be sure this is true all the way
around the disk. Note: you will not be able
to see the up and down counter inputs or
the outputs of the four “and” gates on any
but the very fastest oscilloscopes.

To test the circuit, wire the GO motor
input high and wire pin 7 of 1C7 (figure 6)









the electric pencil 1I1°

The Electric Pencil II is a Character Oriented

Word Processing System. This means that text is
entered as a string of continuous characters and
is manipulated as such. This allows the user
enormous freedom and ease in the movement and
handling of text. Since line endings are never
delineated, any number of characters, words,
lines or paragraphs may be inserted or deleted
anywhere in the text. The entirety of the text
shifts and opens up or closes as needed in full
view of the user. The typing of carriage returns
as well as word hyphenation is not required
since lines of text are formatted automatically.

© 1978 Michael Shrayer

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

When text is printed, The Electric Pencil II automatically inserts carriage returns where they
are needed. Numerous combinations of line length, page length, line spacing and page spacing allow
for any form to be handled. Character spacing, BOLD FACE, multicolumn as well as bidirectional
printing are included in the Diablo versions. Right justification gives right-hand margins that are
even. Pages may be numbered as well as titled. This entire page (excepting the large titles and
logo) was printed by the Diablo version of The Electric Pencil II in one pass.

NEW FEATURES: !!! CP/M Compatible Disk Operating System
Supports Four Disk Drives !!! Simple File Management !!! Quick and Easy
Disk Storage and Retrieval !!! Dynamic Print Formatting !!! Multicolumn
Printing !!! Print Value Chaining !!! Page-at-a-time Scrolling !!! New
Bidirectional Multispeed Scrolling Controls !!! New Subsystem with
Print Value Scoreboard !!! Automatic Word and Record Number Tally !!!
Cassette Backup Capability !!! Full Margin Control !!! End-of-Page

Now on CP'M

You've probably seen
The Electric Pencil in
action by now. It's the
most powerful 8080/Z80

character oriented word Control !!! Non-Printing Text Commenting !!! Line and Paragraph
processor on the market Indentation !!! Centering !!! Underlining !!! BOLD FACE !!!

today. Michael Shrayer is

now proud to present the W I D E S C R E E N v I D E O 1 1!!

new Electric Pencil II. Available to Imsai VIO video users for a huge 80x24 character screen !!

HAVE WE GOT A VERSION FOR YOU ?

The Electric Pencil II operates with any 8080/Z80 based microcomputer that supports a CP/M disk
system and uses a Imsai VIO, Processor Technology VDM-1, Polymorphic VTI, Solid State Music VB-1B,
Vector Graphic Flashwriter or any similar memory mapped video interface. Specify when using CP/M
that has been modified for Micropolis or North Star disk systems as follows: For North Star add
suffix A to version number, for Micropolis add suffix B to version number, e.g. SS-1IA, DV-IIB.

Vers. Video Printer Price
SS-11 SOL TTY or similar $225.
SP-11 VTl  TTY or similar  $225. m MICHAEL SHRAYER SOFTWARE
SV-I1 VDM  TTY or similar $225. 1253 Vista Superba Drive
SI-II VIO TTY or similar $250. 6lendale, CA 91205
DS-11 SOL  Diablo 1610/20  $275. ss (213) 956-1593
DP-11 VTI Diablo 1610/20 $275.
DV-I1 VDM Diablo 1610/20 $275.
DI-II VIO Diablo 1610/20 $300.
The Electric Pencil I is still available for non CP/M users:
- Vers. Video Printer Cassette Disk Drive Price
coming
i Ss SOL  TTY or similar CUTS -—- $100.
attraCt‘ons SP VTI TTY or similar Tarbell - $100.
. Y VDM TTY or similar Tarbell - $100.
Sort & Merge Utility !!! SSN SOL  TTY or similar CUTS North Star $125.
SPN VTI TTY or similar Tarbell North Star $125.
The NEC printer package !!! SVN VDM  TTY or similar Tarbell North Star $125.
DS SOL Diablo 1610/20 CuTs -—- $150.
The HELIOS Electric Pencil !!! DP VTI Diablo 1610/20 Tarbell —— $150.
DV VDM Diablo 1610/20 Tarbell -— $150.
Pencil to CP/M file conversion !!! DSN SOL  Diablo 1610/20 CUTS North Star $175.
DPN VTI Diablo 1610/20 Tarbell North Star $175.
CP/M to Pencil file conversion !!! DVN VDM  Diablo 1610/20 Tarbell North Star $175.

Demand a demo from your dealer!
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Figure 6: Schematic dia-
gram for the encoder cir-
cuit. The data input lines
should be wired to the
state corresponding to the
desired initial position of
the motor. The dotted in
capacitors may be required
to obtain sufficiently wide
clock pulses for the up
and down counters.
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in figure 7) at least twenty times per second.
On an 8 bit machine, reading a 16 bit real
time quantity poses a problem. If one byte
is read and then the other, there is a real
possibility that the 16 bit input may have
changed between the two operations.
Therefore the position is read twice and
checked for agreement before proceeding.
With a 16 bit machine, only a single input
operation need be performed.

The motor will race at top spced toward
the desired setting. When it goes past the
setting, it will turn around and race back,
again overshooting. After a couple of quick
oscillations, the desired position will have
been reached and the motor will shut off.
A better algorithm could be devised by
estimating the speed of the motor and
anticipating the overshoot, causing the
motor to approach zero speed very close to
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Design of
Digital Systems

Design of Digital Systems - six

Design of
Digital Systems

[ #C tman 85

volumes

The products of digital electronics techno-
logy will play an important role in yout
future. Calculators, digital watches and TV
games are alieady commonplace. Now,
microprocessors are generating a whole new
range of products. Personal computers wil!
be in widespread use very soon. Your TV,
telephone and computer will combine to
change your children’s education, your job
your entite way of life.

WRITTEN BY EXPERTS
These courses were wiitten by experts in

electronics and learning systems so that you
could teach yourselt the theory and appli

cation of digital logic. Learning by self-
instruction  has  the advantages ot being
taster and more thorough than classioom

learning. You wortk at your own pace and
respond by answeting questions on each new
prece of mformation betore proceeding.

Atter completing these courses you will
have broadened your career prospects as well
as your understanding of the rapidly chang
ing technological world around you.

The coutses are designed as much for the
protessional engineer as tor the amateur
enthusiast. You'll learn about microprocess
ing as well as personal computing not to
mention all the other aspects of digital
electromces  design.

ADVANCED COURSE
DESIGN OF DIGITAL SYSTEMS

Design of Digital Systems is written tor the
engineer and serious hobbyist who wants to
learn more about digital electionics. Its six
large-format volumes each 11%" x 8':'" are
packed  with information, diagrams and
questions designed to lead you step by step
through number systems and Boolean algebra
to memories, counters and simple arnithmetic
circuits,and finally to a complete understand-
ing of the design and operation of micro-
processors and computers.

CONTENTS

The contents of Design of Digital Systems
include:

Book 1: Octal, hexadecimal and binary
number systems; representation of negative
numbers; complementary systems; binary
mulitplication and division.

Book 2. OR and AND functions; logic
gates; NOT, exclusive-OR, NAND,NOR and
exclusive - NOR functions; multiple input
gates; truth tables; DeMorgan’s Laws; canon-
ical forms; logic conventions; Karnaugh map-
ping; three-state and wired logic.

Also available at leading computer stores

Coomiputer Mart of Newe v osk Vs Matison Sue Ry rors Br
THO e e BA

Frats tpter € 100
I R IR Vot

and many others. Ask your dealer

Book 3: Half adders and full adders; sub-
tractors; serial and parallel adders; processors
and anthmetic togic units (ALUs);, multi-
phcation and division systems.

Book 4: Flip-flops; shift registers; asynch-
ronous counters; ring, Johnson and exclusive
-OR feedback counter; random access mem-
ortes (RAMs); read-only memories (ROMs).

Book 5: Structure of calculators; keyboard
encoding, decoding display data; 1egister
systems; control unit; program ROM, address
decoding; instruction sets; instruction decod-
ing; control program structure.

Book 6: Central processing umit (CPU);
memory organization; character represen-
tation;  program storage; address modes;

mput/output systems; program interrupts;
interrupt priorities; programming; assemblers;
executive programs, operating systems, and
time-sharing.

BASIC COURSE

Digital Computer Logic & Electronics

CONTENTS

Digital Computer Logt - and Electronics ts
designed for the beginner. No mathmetical
knowledge other than simple arithmetic is
assumed, though you should have an aptitude
for logical thought. It consists of 4 volumes—
each 11%" x 8%’ -and serves as an intro-
duction to the subject of digital electronics.

Contents include: Binary, octal and decimal
number systems; conversion between number
systems; AND, OR, NOR and NAND gates
and inverters; Boolean algebra and truth
tables; DeMorgan's Laws; design of logical
circuits using NOR gates; R-S and J-K flip-
flops; binary counters, shift registers and
haltf-adders.

Personal Computers
& Microprocessing

Here are two inexpensive programmed

learning courses designed to keep
you up-to-date in digital electronics.

NO RISK GUARANTEE

There's absolutely no risk to you. If you're
not completely satisfied with your courses,
simply retuin them to GFN within 30 days.
We'll send you a prompt, full refund, Plus
return postage.

TAX DEDUCTIBLE

In most cases, the full cost of GFN'’s
courses can be g tax deductible expense.

HOW TO ORDER

To order by credit card, call GFN’s toll-
free number  (800)331-1000; ot send your
check  or money order (payable to GFN
Industries, Inc.} to the address below.

Prices include overseas surface mail post-
age. Air Mail: additional costs {10 volumes);
Caribbean $10; Europe $15; Africa, South
Amernica S20; Austialia, Asia $25; or write
tor exact quote

Wiite for educational discounts, quantity
discounts and dealer costs.

LOW PRICES — SAVE $5

We ship promptly from stock. There are
no extras- we pay all shipping costs; we even
pay yout sales tax where required. And if
you otder both courses, you save $5. Order
at no obilgation today.

Design of Digital Systems ........ $19.95
- 6 volumes

Digital Computer Logic .......... $14.95
& Electronics - 4 volumes

Both courses - 10 volumes ... ... $29.90

GFN Industries, Inc.
Suite 400-B

888 Seventh Ave.
New York

N.Y. 10019

Call TOLL-FREE {800)331-1000
{orders only)
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the desired position. Such a scheme would
reduce the settling time of the system to a
minimum.

Modifications

For those purists who insist on doing
everything in software, the Schmitt trigger
outputs may be tied directly to two com-
puter input lines, or even interrupt lines, and
the decoding and counting may be done in
the computer. For those other purists who
prefer not to tie their machine up with
repetitive loops such as the one in figure 7,
this positioning scheme may be implemented
in hardware by installing four 4 bit compara-
tors on the counter outputs. Cascade the
comparators together and connect two
output ports from a computer to the other
comparator inputs. Invert the ‘“‘equal’’
comparator output and connect it to GO.
Connect the ‘“‘greater than” comparator
output to DIR. It the motor runs away
connect the “less than' comparator output
to DIR. Now the computer outputs 16 bit
position values and the circuit positions the
motor to follow the computer output.=m

Octal Operation

Address Codes Mnemonic Commentary

001 000 066 aaa LLI aaa set memory address

001 002 056 bbb LHI bbb registers to location
of high byte of
desired position

001 004 101 READ INP O get low byte of
current position

001 005 310 LBA save in B register

001 006 107 INP 3 get high byte of
current position

001 007 320 LCA save in C register

001 010 101 INP O read low byte again

001 011 271 CPB compare to previous
read

001 012 110 004 001 JFZ READ re-read if not same

001 015 107 INP 3 read high byte again

001 016 272 CPC compare to previous
read

001 017 110 004 001 JFZ READ re-read if not same

001 022 277 CPM compare high byte
with desired high byte

001 023 140 047 001 JTC LOW  jump if less

001 026 110 054 001 JFZ HIGH jump if greater

001 031 301 LAB high byte equal-recall
low byte to A

001 032 061 DCL decrement address
registers to point to
low byte of desired
position

001 033 277 CPM compare low byte to
desired low byte

001 034 140 047 001 JTC LOW  jump if less

001 037 110 054 001 JFZ HIGH jump if greater

001 042 006 000 LAI O equal, set A for
DIR and GO =0

001 044 104 056 001 JMP OUT  go output DIR & GO

001 047 006 002 LOW LAl 2 position low — set
GO=1,DIR=0

001 051 104 056 001 JMP QUT  go output GO & DIR

001 054 006 003 HIGH LAI 3 position high — set
GO=1,DIR=1

001 056 127 OouUT OUT3 output GO and DIR

Listing 1: Intel 8008 program for motor control. This segment
of code should be executed at least 20 times per second. The
desired position is in location bbb-aaa (high byte) and the next
previous location (low byte). The two locations must be on the
same page. Input port O is the low byte of the counter and port
3 is the high byte. Output port 0 has DIR in its least significant
bit and GO in the next bit.

Figure 7: Program flow-
chart. Variables DU and
DLl hold the upper and
lower bytes of the de-
sired position. This pro-

INPUT LOWER
BYTE OF COUNTER
INTO L1

—

INPUT uPPE R
BYTE OF COUNTFER
INTO Ut

I

INPUT LOWER
BYTE OF COUNTER
INTO L2

I

INPUT UPPER
BYTE Of COUNTER
INTO u2

gram must be executed at
least 20 times per second.
If the motor runs away,

complement the DIR bit
outputs. Do not attempt

to reach positions closer
than 50 turns to O or QUTPUT GO 1

QUTPUT
GQ=0.

65535 with this algorithm
because of the counter

CUTPUT GO=1(
DR =t

overflow which occurs.
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school. The Arabs renewed interest in
astronomy in the period between 800 and
1500 AD, and it was during this time that
the first specialists in instrument making
appeared. The center of instrument making
shifted to Nuremberg, beginning about
1400. By the middle of the 16th Century,
precise engraving on brass was well advanced
due in part to the interest in book printing.

Calendrical calculators used for deter-
mining the moon’s phases and the positions
of the planets crop up in all the major
periods of scientific thought in the past two
thousand years. Parts of a Greek machine
about 1800 years old, apparently used to
simulate the motions of the planets, were
found in 1902 in the remains of a ship off
the island of Antikythera. The gears of the
machine indicate amazing technical ability
and knowledge. Later calendrical calculators,
which were usually of the type in which two
or more flat disks were rotated about the
same axis, came to include a means of telling
time at night by visually aligning part of the
Big Dipper with the pole star.

Trigonometric calculators, working on a
graphical principle, were in use in the Arabic
period. Such calculators were used mainly
to determine triangular relationships in
surveying. The popularity of this device was
renewed in [4th Century Europe; in fact,
calculating aids of all kinds grew rapidly in
popularity as well as in scope from this time
onward, largely due to the difficulty of the
current arithmetic techniques. Napier was
continually secking ways to improve com-
putational methods through his inventions.
One such invention, “*Napier’s bones,” con-
sisted of @ number of flat sticks similar to
the kind now used in ice cream bars. Each
stick was marked off into squares containing
numbers. To perform calculations, the user
manipulated the sticks up and down in a
manner reminiscent of the abacus. Of parti-
cular interest is the fact that Napier’s inven-
tion was used for general calculation at a
time when many other devices were used for
the specific determination of one measure-
ment, such as the volume of liguid in a
partly full barrel, or the range of an artillery
shot.

Pascal invented and built what is often
called the first real calculating machine in
1642 (shown in photo 2). The machine
consisted of a set of geared wheels arranged
so that a complete revolution of any wheel
rotated the wheel to its left one tenth of a
revolution. Digits were inscribed on the side
of each wheel. Additions and subtractions
could be performed by the rotation of the
wheels; this was done with the aid of a
stylus. Pascal’s calculator design is still

widely seen in the form of inexpensive
plastic versions found in variety stores.

In 1671 Leibniz invented a machine
capable of multiplication and division, but
it is said to have been prone to inaccuracies.

The work of Pascal, Leibniz, and other
pioneers of mechanical calculation was
greatly facilitated by the knowledge of gears
and escapements gained through advances in
the clock. In the 13th Century, a clock was
devised for Alfonso X of Spain which used a
falling weight to turn a dial. The weight was
regulated by a cylindrical container divided
into partitions and partly filled with mer-
cury. The mercury flowed slowly through
small holes in the partitions as the cylinder
rotated; this tended to counterbalance the
weight. By the 15th Century, the recoil of a
spring regulated by an cscapement had made
its appearance as a source of motive power.
Gear trains of increasing complexity and
ingenuity were invented. Clocks could now
strike on the hours, have minute and second
hands (at first on separate dials), and record
calendrical and astronomical events. Gears
opened the door to wonderful automata and
gadgets such as the Strasbourg clock of
1354. This device included a mechanical
rooster which flapped its wings, stretched
its metal feathers, opened its beak and
crowed every day at noon. Later, important
improvements in  timckeeping included
Gatileo’s invention of the pendulum; and the
accurate driving of a clock without weights
or pendulum which led to the portabie
watch.

Although mechanical and machine shop
techniques still had a long way to go {con-
sider the 19th Century machinist’s inability
to fit a piston tightly into a cylinder), the
importance of mechanical inventions as aids
to computation was overshadowed by
electrical discoveries beginning with the
invention of the battery by Volta in 1800.

During the 1700s, much experimental
work had been done with static electricity.
The so-called electrical machine underwent a
number of improvements. Other electrical
inventions like the Leyden jar appeared, but
all were based on static electricity which
releases very little energy in a very specta-
cular way. In 1820, following Volta's dis-
covery, Oersted recognized the principle
of electromagnetism that allowed Faraday to
complete the work leading to the dynamo,
and eventually to the electric motor. It was
not until 1873, however, that Gramme
demonstrated a commercially practicable
direct current motor in Vienna. Alternating
current (AC) was shown to be the most
feasible type of electric power for distri-
bution, and subsequently the AC motor was
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The World Leaders In Microprocessor Books

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

* New prices apply to orders
postmarked after June 30, 1978

PROGRAM BOOKS WRITTEN IN BASIC

Payroll With Cost Accounting c
Accounts Payable And Accounts e

Receivable -
General Ledger

These books may be used independently, or
implemented together as a complete ac-
counting system. Each contains program
listings, user's manual and thorough docu-
mentation. Wnitten in an extended version
of BASIC.

#22002 (400 pages). #23002% #24002%
$15.00 ($12.50 prior to July 1, 1978)

Some Common BASIC Programs

76 short practical programs, most of which
can be used on any microcomputer with any
version cf BASIC. Complete with program
descriptions, listings, remarks and exam-
ples.

#21002 (200 pages)
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AN INTRODUCTION TO MICROCOMPUTERS

Volume O - The Beginner’'s Book

If you know nothing about computers, then
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Everythi
wanted to

you've ever
ow about

microcomputers in
ONE complete book
for only $10.95

The ultimate book

about microcomputers.
Written by experts
...SCELBI and BYTE. Over

400 pages. A collector’s item,

featuring The Basics

L —

from the first 16 issues of BYTE and SCELBI’s
classic library of books. Your microcomputer
bookshelf is incomplete without this priceless edition.

ou can’'t buy information
Y organized like this any-
where. This is the book
that everyone who is into micro-
computers needs for reference,
for ideas, for clues to problem
solving. It is a truly authorita-
tive text, featuring easy-to-read,
easy-to-understand articles by
more than 50 recognized pro-
fessional authors, who know and
love microcomputers from the
ground up. Logical and com-
plete, it features many glos-
saries, and is illuminated with
profuse illustrations and photo-
graphs.

The Scelbi/BYTE Primer is
divided into four logical sec-
tions, that take you from point
“0"” through building and pro-
gramming your own computer...
step-by-step-by-step.

What can you do with a micro-
computer? Checkbook balanc-
ing. Recipe converting and food
inventory. Heating and air condi-
tioning control. Home and busi-
ness security and management.
Playing the ponies. Analysis of
the stock market. Maintaining
massive data banks. Self-instruc-
tion. Toys and games. Small
business accounting and inven-
tory. And lots, lots more.
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How does a microcomputer do
it? Lots of “how to” theory. In-
troducing you to microcomputer
operation. 6800, 6502, Z80 CPU
chip capabilities. RAM and ROM
memories. Addressing methods.

THE
SGHEIBUTE
PRITIES

Over 400 pages. Selected articles
from BYTE and SCELBI books,
Profusely illustrated. Many
photographs. $10.95, plus $1
shipping and handling.

How to control peripherals.
Transmission of information to
and from computers. Magnetic
recording devices for bulk stor-
age. Analog to digital conver-
sion. How a computer can talk.
Other |I/0 techniques. And more.

Order your copy today!

SCELBI COMPUTER
CONSULTING INC. BITS
Post Office Box 133 PP STN | 70 Main Street
Dept. B Peterborough, NH
Milford, CT 06460 03458

1800 2585477

Prices shown for North American customers.
Master Charge. Postal and bank Money
Orders preferred. Personal checks delay
shipping up to 4 weeks. Pricing, specifica-
tions, availability subject 1o change without
notice.

Over 400 pages. Full 82" x 11" size.

All about building a micro-
computer system. Over 12 com-
plete construction articles. Flip-
flops. LED devices. Recycling
used ICs. Modular construction.
Making your own p.c. boards.
Prototype board construction.
Make your own logic probes.
Construction plans for 6800 and
280 computers. Building plans
for t/Os — TV and CRT displays,
cassette interfaces, etc. Mathe-
matics functions. ROM program-
mer. Plus much, much more.

How to program a micro-
computer. Programming for the
beginner. Assembling programs
by hand. Monitoring programs.
Number conversions. Game of
Hexpawn. Design your own as-
sembler. Lots more.

And that's only the beginning!
Others have spent millions ac-
quiring the type of microcom-
puter information found within
the 400 pages of The Scelbi/
BYTE Primer. But, it costs you
only $10.95, plus $1 for postage
and handling, complete! You
know the quality of Scelbi and
BYTE. This is your assurance of
excellence throughout this MUST
text. Order your copy today! And,
get one for a friend!
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Figure 1: Sample hardware
circuit to decode u single
control code (in this case,
CONTROL R). The pulse
output width is the same
as that of the key pressed

strobe.

KEY-PRESSED
STROBE
(o

o]

ASCIl CONTROL R
BINARY CODE

Build a Keyboard

Steve Ciarcia
POB 582
Glastonbury CT 06033

Function Decoder

“Dear, when you go downstairs would
you turn the printer on for me?”

My wife Joyce was on her way to the
basement with an armload of photographic
supplies. *“And could you see if | turned the
video display off as well?”’

I was reclining in an overstuffed chair
with the keyboard in my lap. Joyce stopped
at the doorway and said, “Who was your last
servant?”’

“Please do it for me, honey,” | said,
chastened. | have papers all over my lap
and you wouldn’t want me to spill my mar-
tini, would you?”

“Hey, kid, | thought computers were sup-
posed to make life easier for us poor folk.”

“They do! It's the peripherals that don’t.”

The next logical question | asked myself
was: why shouldn’t turning the printer or re-
corder on and off be as easy to do as any
other computer transaction? A couple of
quick solutions came to mind. One is to
install an intercom system and station a
person next to the computer while the re-
mote terminal is in operation.

A second and more practical alternative
is to put long extensions on the power lines
of your peripherals and apply power to them
from a remote location, but this means re-
wiring your house if the computer is down-
stairs and the terminal is upstairs (as in my
case).

The third and probably best approach is
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to use some of the unused functions on your
keyboard to control peripherals remotely.
There are a number of unprinted characters
on a keyboard such as: end of transmission,
end of text, or device control codes. By at-
taching an ASCII decoding circuit to moni-
tor the line between the keyboard and the
computer, these functions can be isolated
and utilized as peripheral device control sig-
nals — more about this later.

The ASCII Code

Most keyboards use ASCIl coding, a 7 bit
binary code with an eighth bit sometimes
added for parity checking. (Here we ignore
the proposed extensions to the officially de-
fined ASCII code which makes it a true 8 bit
code or nine bits with parity.) A complete
list of ASCII codes is outlined in “Complete
ASCI!" by Dave Ciemiewicz (February 1978
BYTE, page 19). When your computer pro-
gram is executing and awaiting data from the
keyboard, a special keyboard input routine
is usually activated in the program. The sub-
routine first determines whether a key has
been pressed by checking for a key-pressed
strobe signal. On systems that do not check
parity (and thus use only 7 bit ASCII), the
eighth bit of an input port is often set as the
strobe bit. The other seven bits are not con-
sidered unless this strobe bit is “true.” When
this is the case, the seven bits are compared
to a valid entry table within the program to
determine what to do with the input. If
there is no valid comparison, the input key
does nothing.

The software read and compare routine
is analogous to a hardware address decoder.
For a particular ASCII code like CONTROL
R hexadecimal 12, a circuit such as that in
figure 1 could be used to decode and iden-
tify only this particular code. For routine
uses such as a hardware reset, this is the way
many computer experimenters decode an
ASCII code. This basic circuit can be dupli-
cated many times to decode other codes.
Figure 2 illustrates how this approach can
enable a CONTROL R to turn on a device



Discover how to get more out of
your computer.

Magnemedia has produced the
innovative line of software pro-
ducts you've been waiting for.
Designed for use both at home or
in the classroom, these programs
make learning an exciting ex-
perience.

This software comes in hand-
some two-cassette albums. Each
cassette provides voice instruc-
tion on one side and a machine
readable code on the other.
Separate instruction booklets are
provided in non-technical
language.

All software is for APPLE II.
Programs available for other
micro computers indicated by
following key:

* RADIO SHACK TRS-80
{Level I1)

+COMMODORE PET

+HEATH HS8 (Extended
Basic)

Programs Now Available

©® Quiz Baseball (16K)—An ex-
citing game for two teams or
players, using your questions.
Computer simulates action, total-
ing batting averages and scores.

®Save-A-Sketch™(8K)—
Create a colored picture with your

Arizona
Personal Computer Place, Mesa (602) 833-8949

Arkansas
Datacope. Little Rock (501) 666-8588

Calfornia
A-Vidd Electronics Co . Long Beach (213) 598-0444
Byte Shop. Marina Del Rey (213) 530-3860
Byte Shop. Tustin (714) 731.1686
Byte Shop Computer Store, Wainut Creek (415) 933-6253
Byte Shop No 8, Hayward (415) 537-2983
Computertand, El Cerrito (415) 233-5010
Computerland, Lawndale (213) 371-4010
Computertand, Mission Viejo (714) 770-0131
Computerland of West LA, Inglewood {213) 776-8080
Computers Are Fun, Los Angeles (213) 475-0566
Recreational Computer Ctrs, Sunnyvale (408) 735-7480
The Computer Store, Santa Monica (213) 451-0713

Colorado
The Byte Shop, inc . Englewood (303) 761-6232
Connecticut
Computerland, Farrfield (203) 374-2227
Florida
Byte Shop. Miamu (305) 264-2983
Georgia

Byte Shop. Atlanta (404) 255-8984
Datamart Inc., Atianta {404) 266-0336
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Wait No Longer!

The new educational programs are here.

computer keyboard. Save it for
your gallery or use it as an il-
lustration in another computer
program.

® Save-A-Story™ (16 K)—Write
or copy a story for practice in typ-
ing, speed reading, or for storage
in your computer library.

®Learning Basic (16K)—A
package of two cassettes with
multiple programs. Learn pro-
gramming the easy way—let the
computer teach you.

®Mystery Word™(8K)—De-
velop your logic skills by guess-
ing the secret word. Computer
tells you how many letters are
correct in each guess.

® Reverse (8K)—A challenging
math game that's a real brain
teaser. How many times will you
have to switch the numbers to get
them in proper order?

®Supermath™ (16K)—The
computer teaches you to add, sub-
tract, multiply and divide on your
own level—in color!

® True/False Quiz (8K) % v v —
Tells you how to enter your own
quiz.

® Variable Message (8K):r—
You choose message and colors,
the computer does the rest.

® Matching Quiz (8K) *x —Three
changeable categories in each pro-
gram. Match item on left correct-
ly with one on right and they both

Authorized Distributors

Computerland of Atlanta, Smyrna (404) 953-0406
Hhinors
Byte Shop, Champagne (217) 352-2323
Computerland, Arlington Heights {312) 255-6488
Imperial Computer Systems, Rockford (B15) 226-8200
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Write to:

Magnemedia

17845 Sky Park Circle, Suite H
Irvine, CA 92714 (714) 549-9122

disappear.

®Don’t Fall™ (8K):«—The
computer chooses a word—you
try to guess the letters without
falling off cliff. Then you give the
computer a word.

® Memory Aide (8K)::—Help
memorizing facts, verses, lists.
Computer prompts you, asks you
to provide missing words, etc.

®Study Aide (8K)—The com-
puter gives questions in random
order. If you miss, it saves the
question for a later try.

® Keyboard Organ (4K)—Turn
your computer into a musical in-
strument. Play the keys like a
piano!

®Grading Routine (16K)—
Takes the drudgery out of finding
class curves. Different categories,
grading scales, etc.

®Drawing (4K) & 7 oo —
Computer picks word at random
from list you supply.

Here's the best news of
all—each package of two pro-
grams sells for only $12.00! In-
dividual programs are available
for $7.50.

Magnemedia software is in
stock at computer stores
everywhere. (Dealers listed
below). If not available yet at
your store, ask them to order for
you.
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Computer Micro Systems. Manhasset (516) 627-3640
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Ohio

21st Century Shop, Cincinnati (513) 651-2111
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Microlithics Inc . Oklahoma City (405) 947-5646

Texas
Byte Shop. Richardson (214) 234.5955
CompuShop, Dallas (214) 234-3412
Computer Terminal, EI Paso (315) 532-1777
Computertand, Austin (512) 452-5701
Computers 'n Things, Austin (512) 453-5970
Interactive Computers, Houston (713) 486-0291
Interactive Computers, Houston (713} 772.5257
Mtcro Computer Shop. Corpus Chnisti (512) 855.4516
Washington

Ye Olde Computer Shoppe. Richland {509) 946-3330

Ontario, Canada
The Computer Mart, Toronto (416) 484-9708
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Figure 2: Printer on and off control designed with discrete logic elements. Pressing CONTROL R causes a logic signal to acti-
vate an external relay in series with the printer power line. Pressing CONTROL T resets this circuit and turns the printer off,
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such as a printer, and a CONTROL T 1o turn
it off. The method reaches a point of dimin-
ishing returns when more than one device
is to be controlled, though.

Another disadvantage of this handwired
decoding is that it is difficult to change the
decoded value. | recently received a letter
from a reader who needed a remote reset
button. He built a circuit similar to the one
in figure 1, and it worked fine for the soft-
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Figure 3: 1702A erasable read only memory used as an 8 bit address decoder.
When CONTROL R is depressed on the keyboard, the output at D7 goes low
(or true) for a period equal to that of the key-pressed strobe. This circuit can
replace up to eight of the circuits shown in figure 1.
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”
PRINTER ON

CONTROL T

ware he was using at the time. But when he
changed from MaxiBASIC to Zapple BASIC,
he found that the control code he had
chosen for reset was necessary for use in the
BASIC, so out came the soldering iron and
in went another integrated circuit. Then
came the expansion of more software from
other manufacturers, and the circuit had to
be changed again. His complaint was con-
cerned not with the method of decoding the
signal but rather with the difficulty in chang-
ing its particular address.

I, of course, wanted to have a hardware
reset and peripheral device controller. |
could build a combination of the circuits in
figures 1 and 2 and hope that the next piece
of software | get doesn’t use one of the con-
trol codes | used, but a concept this simple
shouldn’t require that much wiring or make
it that hard to change addresses.

Since | like the idea of using the key-
board to control the peripheral devices and
don’t like to solder any more than necessary,
the best alternative for me is a program-
mable read only memory board control code
decoder.

Consider how a programmable read only
memory works: a binary code is impressed
on the address input lines and, in the case of
the 1702A, an 8 bit binary word stored at
that location appears at the output. By se-



Hexadecimal Octal Parity Character
00 000 EVEN NUL
01 001 oDD SOH
02 002 obD STX
03 003 EVEN ETX
04 004 oDD EQT
05 005 EVEN ENQ
06 006 EVEN ACK
07 007 oDD BEL
08 010 OoDD BS
09 o111 EVEN HT
0A 012 EVEN LF
0B 013 OoDbD vT
ocC 014 EVEN FF
oD 015 ODD CR
0E 016 OoDD SO
OF 017 EVEN Sl
10 020 oDD DLE
1 021 EVEN DC1
12 022 EVEN DC2
13 023 obDD DC3
14 024 EVEN DC4
15 025 oDD NAK
16 026 oDD SYN
17 027 EVEN ETB
18 030 EVEN CAN
19 031 oDD EM
1A 032 oDD suB
1B 033 EVEN ESC
1c 034 OoDD FS
1D 035 EVEN GS
1E 036 EVEN RS
1F 037 OoDD us

on the same line under Keyboard Equivalent.

Control
Keyboard
Equivalent

>N XECCHVIOTOZZIr A~—"IOTMODODBH

Note: To transmit any control code, depress the CTRL key while pressing the character key

Alternate Code Names

NULL,CTRL SHIFT P,TAPE LEADER
START OF HEADER,SOM
START OF TEXT,EOA

END OF TEXT, EOM

END OF TRANSMISSION,END
ENQUIRY WRUWHO ARE YOU
ACKNOWLEDGE,RU,ARE YOU
BELL

BACKSPACE,FEO
HORIZONTAL TAB,TAB

LINE FEED,NEW LINE NL
VERTICAL TAB,VTAB

FORM FEED,FORM PAGE
CARRIAGE RETURN,EOL
SHIFT OUT,RED SHIFT

SHIFT IN,BLACK SHIFT
DATA LINK ESCAPE,DCO
XON,READER ON
TAPE,PUNCH ON
XOFF,READER OFF
TAPE,PUNCH OFF

NEGATIVE ACKNOWLEDGE,ERR
SYNCHRONOUS IDLE,SYNC
END OF TEXT BUFFER,LEM
CANCEL,CANCL

END OF MEDIUM
SUBSTITUTE

ESCAPE PREFIX

FILE SEPARATOR

GROUP SEPARATOR

RECORD SEPARATOR

UNIT SEPARATOR

lectively storing specific values at designated
locations in the programmable read only
memory, a single 1702A can be structured
to perform the functions of eight separate
decoders like the one in figure 1. For exam-
ple, if a CONTROL R code were impressed
on the address lines of the 1702A, and hexa-
decimal 7F (binary 01111111) is stored in
hexadecimal address 12, the most significant
output bit will go low whenever this pattern
appears. All other output lines will remain
at a high level. The same method can be used
for eight different ASCII codes. The func-
tion of the circuit shown in figure 1 can be
performed by an erasable read only memory
(EROM) as shown in figure 3.

To use an EROM for this purpose, first
choose eight different ASCIl codes which
are available on your keyboard and which
are not used as software control codes. By
convention, CONTROL Q, CONTROL R,
CONTROL S and CONTROL T have been
set aside to represent Reader On, Punch On,
Reader Off and Punch Off, respectively. The
other four control codes could be CON-
TROL W, X, Y and Z, etc. Table 1 shows the
ASCII control codes.

An unprogrammed (erased) EROM has all
bits set to the 1 state. This is true for the
1702A, the 2708 and the 2716. Next,

choose eight control codes and make a list
such as the one in table 2.

Store the binary word listed at the respec-
tive address location equivalent to the ASCI|
code with the eighth bit (the strobe bit) set
high. For a CONTROL R, a hexadecimal 14
code, this would become an address of hexa-
decimal 94. When one of these particular
keys is pressed, a particular output bit of the
EROM goes low for the duration of the key-
pressed strobe. Obviously, if only a short
pulse is necessary for your control applica-
tion, no further logic is necessary. In my
application it is necessary to ‘“hold” the

Table 1: ASCIl code
control characters.

Table 2:
values to be stored

of

Hexadecimal

in

EROM to decode eight

control codes.

Hexadecimal

Hexadecimal EROM
Keyboard Code Address*
CTLQ 1 91
CTLR 12 92
CTLS 13 93
CTLT 14 94
CTLW 17 97
CTL X 18 98
CTLY 19 99
CcTLZ 1A 9A

stored in them.

Hexadecimal Value to be
Stored in EROM

7F
BF
DF
EF
F7
FB
FD
FE

Note: All other address locations should have hexadecimal FF (fully erased data)

*The EROM address is the 7 bit ASCIli code with the eighth bit set high.
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state of three devices and pulse two of them.
This requires latches made from external
gates to maintain the control output after
the initiating pulse. One method is to trigger
an RS flip flop on and off with two separate
codes. In this way, CONTROL R and CON-
TROL T can be used to turn the printer on
and off, respectively. Figure 4 illustrates the
completed keyboard function decoder utiliz-
inga 1702A EROM. It allows latched on and
off control of three devices and pulsed con-
trol of two more. | chose a 1702A because
of its cost advantages: at $3.50 it is more

appealing than a $12.50 2708; but the 2708
may be more easily programmed for most
people (see “Program Your Next EROM in
BASIC,” March 1978 BYTE, page 84). It
can be used instead of the 1702A with the
appropriate pin assignment changed. Since
the 2708 is a 1 K EROM and the 1702A is
256 bytes, the two extra address lines A9
and A10 should be grounded on the 2708. If
you decide to use the method of figure 2
and not use an EROM to make the circuit of
figure 4, it will take 14 TTL chips just to
create the logical equivalent of the EROM.

3
2 1€C7a
+5v +*5v
Iy
2.2K
TYP
|—'?22 231z ]S (8) 4 6 RECORDER CONTROL
Kevpnessao_n_ 7 A7 07 I s{1c7pb —
STROBE D |
r 18 10
86 [ _>—— ne 06 7400
19 9 9
85 [ >——as DS
20 8
Ba[_>—— as '€ e

17024
ASCIlI INPUT

n
~

strobed outputs. These
outputs can be used to e 24
control solid state relays .,___’

and, in turn, printers and
other peripherals. —ov

688
172w

FROM 83 >— a3 03
KEYBOARD , s
B2 [ >—— a2 D2
2 5
Bi | D Al DI
Figure 4: EROM-based 3 “
function decoder circuit LBo[ >— »o 0o |-
with three latched and two a| —

PRINTER CONTROL

—

7400
1
3
2] C8Ba
4q AUXILIARY CONTROL
6
s]i1c8b I

-12v

-9V

9V

j [- STROBE
D CONTROL Y

STROBE

{ > +5V

I 330715V

1. The EROM is programmed as per the EROM address and binary value infor-
mation listed in table 1. All other address locations should be left fully erased
(hexadecimal FF).

2. The signal outputs from integrated circuits 7 and 8 can be connected to solid
state relays, which in turn provide on and off control of the designated periph-
erals. For an explanation and a design of a solid state retay, see “Tune In and
Turn On, Part 2,” May 1978 BYTE, page 97.

3. Al resistors are 1/4 W 5% unless otherwise specified.

Notes:

Key Prassed

CONTROL Q
CONTROLR
CONTROL S
CONTROL T
CONTROL W
CONTROL X
CONTROL Y
CONTROL Z

D U CONTROL Z

Function

Recorder power on
Printer power on

Recorder power off
Printer power off

Auxiliary power on
Auxiliary power off
Bit 1 low true pulse
Bit 0 low true pulse
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Computers For Everyone!
Prices For Everyone!

PET 2001-8 by Commodore

® 8K user RAM (expandable to 33K)

® 8K BASICin ROM

® Bullt-in video display

® Built-in keyboard with graphic characters
@ Built-in cassette recorder

PET 8001-8 (8k RAM) $795.
10 Blank C-10 cassette 20.
“BASIC BASIC” Book 9.

reg. $824.

You pay only $795 .

Apple IT 16K by Apple Computers

168K user RAM (expandable to 48K)

8K Integer BASIC in ROM

2K Monitor in ROM

Full ASCIT keyboard

18-color graphics ( low resolution 40H x 40V)
4-color graphics (high resolution 280H x 192V)
Game Paddles included

Includes BASIC software on cassgette:

® 168K Startreck program ® Color demonstration programs
® 10K Floating point. BASIC @ Breakout video game
interpreter

® Your color TV set required for display

APPLE II (16K RAM) $1195.
Moeriton cassette recorder 80.
M&R RF Modulator 30.

reg. $1305.

YOS $]1 1985,

Add 81 0.00 per system for shipping and handling To qualify for these
special package prices, full payment must accompany your order We wiil
refund full amount {f you wish to cancel before we ship

Write or Call

P.O.Box 71
Fayetteville, N.Y. 13066

Phone (318) 637-6208 Today!
Operating Hours:
M-W10-BES.T.

Th-F10-9 E.S.T.
Closed Sat. & Sun.

h------------------‘
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phone used without a computer. The inter-
esting uses are those which take advantage of
the computer at both ends of the conversa-
tion. Establishing communications between
modems will involve a similar phone call
scenario; but now instead of the toy pro-
gram, suppose we substitute a more interest-
ing process.

For starters, a useful utility already em-
ployed by many personal computer people
is that of a file swapping program. Here, in-
stead of keyboard input, after the communi-
cations is established and verified in a key-
board to display mode, one or the other of
the two parties to the conversation accesses
a local file on floppy disk and dumps it into
the floppy disk of his correspondent over
the phone lines. The file sent might be veri-
fied by the receiving person by one or more
methods such as grouping the data into
blocks with checksums or simply sending
the message redundantly.

The content of the file sent by this
method is arbitrary. The file could be as
simple as the edited text of a letter, or as
complicated as the source code of the latest
version of a computer game which the re-
ceiving person is to try out, evaluate and
comment upon. And of course, for the occa-
sional business user or privacy fanatic, the
program does not have to send the data di-
rectly: it could use a prime factors cipher to
ensure that all the computers in the world
would never be able to crack the code in
practical lengths of time given our present
knowledge of such ciphers and their
properties.

But exchanging data files still does not
exhaust the potential of having a computer
at both ends of the line. What other activi-
ties involve participation by people at each
end of the line? (Remember: we are still
using simple modems with a manual pro-
tocol at the start of communications.) A
computer at each end and a person operating
the computer sounds like defining character-
istics of a new class of challenging computer
games.

For one degenerate case, let us suppose
that each player has as his goal to ‘“‘take
over” the other player's computer, using a
commonly defined operating system nucleus
and a set of rules governing legal moves. The
result would be a very abstract, possibly
quite exciting (and possibly quite dull) 2
processor remote version of the classic called
core war. [Core war is a game surrepti-
tiously played by systems programmers on
large installations, where a player’s goal in
each fixed time slice of real time is to propa-
gate his program elsewhere in memory, while
doing as much “damage” (read: clearing to
zero) as possible at random places in the
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BASIC to Assembly Language Linkage

Listing 1: PDP-11 assembly
tation mark.

language listing of program to output a quo-

;teleprinter status
;teleprinter buffer
;1link between BASIC and

;external function

177564 TPS =177564
177566 TPB =177566
000050 .=50
000050 037426 .WORD SEXF
037426 .=37426
037426 105767 SEXF: TSTB TPS
140132
037432 100375 BPL SEXF
037434 012767 MOV  #042,TPRB
000042
140124
037442 000167 JMP 52
140404
000052 .END 52

;start address of
;external function
;is printer ready?

; if not branch
;move ASCII code for guotation

;mark to buffer and print
;return to BASIC

Listing 2: Driver program for the assembly language program in listing 1.

10 PRINT "IN BASIC THE QUOTATION MARK (";

20 LET T EXF (1)

30 PRINT") IS A DELIMITER"

Listing 3: Sample run of the BASIC program of listing 2. This is one simple
solution to the problem of printing a quotation mark in a BASIC inter-
preter, lacking appropriate escape mechanisms.

IN BASIC THE QUOTATION MARK

(") IS A DELIMITER

Frequently one needs to use a BASIC
interpreter to do things it was never designed
to do. Getting around the problem can
require a great deal of ingenuity. A case in
point is David Chapman’s article, “All This
Just to Print a Quotation Mark?”, in May
1977 BYTE.

Several versions of BASIC allow assembly
language programs to be added to the BASIC
interpreter; these programs are linked to
BASIC at load time and usually cannot be
deleted without reloading BASIC. Using this
technique provides a very simple method of
getting around the problem described by
David Chapman. The assembly language
listing is given in listing 1 and the BASIC
language program is given in listing 2. A run
of the program is in listing 3. It appears that
a relatively simple solution to the problem
has been found.

The version of BASIC | use is single
user Digital Equipment Corporation’s BASIC
VOO8BA for the PDP-11 series of mini-
computers. This BASIC allows the user to
call the assembly language program by use
of an EXF function. Obviously in other

‘why the la

It has the Tatest news for users
(and prospective users) of Heath

st (155 is

on news of compatible hardware &

software from other vendors.

[ ]
he best 59
1977. Every issue goes by first
class mail and almost all orders

H8

Co. computer products. It isn't
company-controlled--BUSS can get
new product information and tid-
bits about items being developed
before the official announcement
by Heath Co. But BUSS does more
than that--BUSS also lets you in
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THe INDEPENDENT NEwSLETTER oF HeaTH Co. COMPUTERS

and H11 users may save enough on
these products to pay for a BUSS
subscription several times over.
And users of the ET-3400 Trainer
aren't left out either.

The first issue of BUSS came out
more than a year ago in April of

325 PennsyLvania Avenue. S.E.

for new subscriptions are filled
within two days. Back issues go
fast, but most of those for 1978
are still available. BUSS keeps
getting better. So send for it:

12 Issues For $ 6.80
WasHingTON, DC 20003
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Book Reviews

Instant Freeze-Dried Computer
Programming in BASIC

by Jerald R Brown

Dymax, POB 310, Menlo Park CA 94025
$6.95

How quickly the personal computer
owner trades the student’s notebook for
the teacher’s chalk. Says the friend, ‘“Neat,
you got a computer. How do you get it to
do X or Y?” Or you modestly back yourself
into a corner: “Programming isn't hard. |
could teach you BASIC in a few hours.”
In my case it was a deal with my neighbor’s
recent high school graduate to teach him
programming in return for his doing some
of my more routine programming chores.
But however you got the teaching job,
Instant Freeze-Dried Computer Program-
ming in BASIC is in my opinion an inter-
esting, involving and entertaining text you
can use to ease the teaching task.

The book resembles a half inch thick
collection of BASIC oriented flashes that
somehow escaped from the pages of Ripley’s
Believe It or Not. We see the scene of the
keyboard LET fading into the sunset beyond
the hills, captioned by “And so, in the name
of Efficiency and Ease, the LET was
banished forever from Statementland. . .."”
Throughout each page the student is ex-
horted to either read the explanatory text,
or, more often, “doit'": the signal for you to
actually type out one of the hundreds of
brief examples on your waiting terminal.
The layout is designed to be both a text
and a practical workbook. For example,
immediately after you learn to loop with the
GOTO statement, half inch type warns you
to  “WAIT! STOP! HALT! CEASE!
DESIST!" before running, so the saving
properties of the Control-C can be explained
to keep you from the terror of the infinite
loop.

The examples are so clear that not even a
computer could complain of ambiguities.
The actual keys punched are pictured using
the standard key markings of the ASR-33
Teletype. The printed listing for each
example explains why you typed this and
why the computer typed that.

Besides being an excellent teaching text,
the book has the two necessities that make
it a handy manual to keep forever, plus
several bonuses. The necessities are a set of
concise summary boxes at appropriate spots
throughout the text gaudily surrounded by
polka dots; and a good index that not only

tells you where the concept is taught, but
the precise location of the summary box.
The bonuses are the examples chosen by the
author: a broad set of games, pictures,
string techniques and useful business pro-
grams, all indexed and ready to run.

The dialect of the BASIC taught is both a
strength and a weakness of the text. Altair
8 K BASIC, revision 3.2 {essentially the
same as DEC BASIC Plus), is that ubiquitous
version that started so many of us hackers
off in BASIC and served us so well. But
revision 4.0 is now out, and, especially in its
extended version, it far surpasses 3.2 8 K
BASIC in flexibility and power. But of
course, the further you go from standard
BASIC the more machine dependent you
become. For the beginner, or those writing
for a variety of interpreters, Brown’s choice
was a wise one.

All said, /nstant Freeze-Dried Computer
Programming in BASIC is the most painless
and involving text for that language yet on
the market.

Jay P Lucas
3409 Saylor Pl
Alexandria VA 22304 m

Address Correction

David Clapp, who re-
viewed Z-80 Programming
Manual by MOSTEK (June
1978 BYTE, page 118) has
changed his address to:
PORB 501, Streetsboro OH
44240.=

ing areas:

& Microprocessors
& Real Time Systems

SOFTWARE
SYSTEMS SPECIALISTS

Growth corporation has immediate openings AT
ALL LEVELS for candidates with a BS or MS in
Engineering/Science and a background in the follow-

® Minicomputers
® Operating Systems
& Event-Driven Applications & Diagnostic Programming

Circle 373 on inquiry card.

= 8080 Assembler, PLM

TECHNICON is the industry leader in the manu-
facture of State-of-the-Art automated laboratory
instruments. Located in suburban NY, we provide
a professional working environment, along with
competitive salaries and a full range of company-
paid benefits. Send resume including salary history
in confidence to:

Manager, Technical Staffing

Tomorrow's Technology Today

||| l Technicon

Tarrytown, N.Y. 10591

M

An Equal Opportunity Employer M/F
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How to Choose a Microprocessor

Lou Frenzel
Heath Company
Benton Harbor M1 49022

124
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All personal and hobby computers are
microprocessor based. That is, they use a
single processor integrated circuit chip.
One of the most important decisions you
will ever make in purchasing a personal
computer is choosing the type of micro-
processor. The semiconductor manufacturers
have provided computer designers with a
wide range of microprocessing units having
varying degrees of power and sophistication.
As a result, there are at least a half dozen
different processors available in hobby
computers. This wide variety of products
makes your choice somewhat flexible, or
at least it seems that way. In reality, having
so many processor styles to choose from,
your decision becomes much tougher. If
you are a beginner, it may be particularly
difficult to make an intelligent choice. The
purpose of this article is to provide you with
some guidelines in making this important
decision. The emphasis is on how to choose
the best microprocessor for you when pur-
chasing a personal computer.

What’s Available

Below is a list of all of the available
microprocessor architectures and their pri-
mary manufacturers.

Intel 8080, 8085, 8048, 8086
Motorola 6800

MOS Technology 6502

Zilog Z-80, 28000

Signetics 2650

RCA 1802

Fairchild F8, 9440

‘MOSTEK 3870

Intersil 6100

Texas Instruments 9900

National Semiconductor SC/MP, PACE, 8900
DEC LSI-11

Data General microNova

General Instrument 1600

With this wide variety, is it any wonder
that it is a difficult choice? Yet with all of
these available devices, the choice narrows
down rather quickly when several important
factors are considered. What makes things
even more confusing is the fact that many of
the above microprocessors will undergo
changes and improvements. Semiconductor
manufacturers will also develop and intro-
duce even newer improved microprocessors.
The whole microprocessor business is a
dynamic one. Changes occur almost daily.
The biggest dilemma is not so much the
changes themselves but the rapidity with
which they occur. Today you may make a
decision to use a particular microprocessor
only to find that six months later the choice
is apparently incorrect because a newer,
better, improved device has become avail-
able. There is no complete solution to this
problem. The rapid changes in this field
will continue to occur. For that reason,
you must make a choice and stick with it.
You must attempt to select a device that
has the greatest longevity potential as well
as one that meets the criterion for perform-
ance in your application. You must not let
the rapidly changing technology paralyze
your decision making process. It is best to
choose among the presently available devices
and take your chances with the future. To
obtain the most value from your personal
computing system, you must select a micro-
processor that meets your immediate needs
but offers future potential as well.

Selection Criteria

There are many factors that go into the
process of selecting a microprocessor. You
should consider all of these factors even
though some of them affect you only in-
directly. You should also be influenced by
the factors that ordinarily would interest
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Having Reservations
Rhout Your

Software? T 3O MORE!

" Smoke Signal Broadcasting
A presents the NEW

TP-1 TEXT PROCESSING SYSTEM

for document preparation - form letters - footnote handling

® The most powerful text formatter available.

® Over 50 commands for easy paging, margin setting
and spacing.

® A formatting language that allows the creation of
macros including variables.

® Page numbering (Arabic or Roman numerals).

® Complete page size control.

® Conditional formatting control. 5

® Exact title placing. 539 9

® Contiguous space and text control. O“\\,

‘@ We're the "CHIEF" in 6800 products software

SMOKE SIGNAL BROADCASTING

6304 Yucca/Hollywood, CA 90028/(213) 462-5652

128

ATTENTION DISC SYSTEMS USERS

All EG Smuth’s Software Works programs are now available on diskette in Smoke Signal
Broadcasting format

' or diskette media (mini-floppy) order as follows

ME8AS-D Disc oriented Relocating Assembler & Link Loader . ... .. .$55685
M6BRS-D Relocating Disassambtler & Segmented Source Gen . . L. ... %4095

MBBASPK Above two programs on singie diskette e .. $86.00

MBBDT-D Disassembler/Trace . . ... $2695
M6BSG-D Disassembler/Source Generator . . L..... $3095
M6EBEP.D Eprom Supporting Relocator . e $25.96

MEBDTPK Above three programs on single diskette e i ..........86500

MEBRL-D Relocate . . . .. . .. Ce e e ..., 82095
MEBEBL-D Binary Loader .. . - ... ...%2085

Note: M6BDT and ME8BSG are equivalent to Smoke Signal Broadcasting programs TD-1 and
SG 1

ANNOUNCING
8-M-1-T-H-8-U-6
FIRMWARE from Ed Smith's SOF TWARE WORKS

A 2k Monitor Disassembier Trace Debugging Tool in EPROM. Use as stand-alone monitor or
as an adjunct 10 your Smartbug or Swtbug. Requires ACIA as control port. Provides sll the
monitor commands (23) you could ever ask for, plus the convenience of a mnemonic dis-
assembler and singie stepping disassembler trace dispiay Intersctive use of single or dual
breakpoint with trace pickup at breakpoint, pius many new monitor functions and sub-
routines, makes this a super tool you will love to work with. Uses location $F800 to
$FFFF. Furnished on two 2708's or one 2716. Includes Manual and commented assembly
hsting. Specify ACIA location and present momitor in order to keep $A000 RAM com-
patibility SMITHBUG ON 2708s .. .. ... .. $60.00
SMITHBUGON 2716 .......... $70.00
NEW PROGRAM
ME800 EPROM SUPPORT program 15 an expanded version of the Relocate Program
{MG8BRL). 1t has the additional capsbility 1o adjust a program in RAM to operate at
another address without actually retocating the program, as well as the ability to
move a progrem without any adjustment. With this program, you can sssemble and
test programs in RAM, then adjust them for an EPROM opersting address and then
block move 1t to your EPROM burner address.

Ordar direct by check. Specify system configuration if other than
SwTPCo.Cslitorn residents add 6% sales tax.

Ed Smith’s

SOFTWARE WORKS

P. O. Box 339
Redondo Beach, CA 90277
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selecting a microprocessor, you are often
buying mystique or potential rather than
real practical computing capability. The
thought of having the newest, best, fastest,
most powerful microprocessor is a strong
selection inducement. While these factors
will no doubt influence you, you should
attempt to be more practical, realistic and
analytical in the selection of a microproc-
essor for your own personal computer.

Documentation

Documentation refers to all of the
written material available for a particular
microprocessor. This includes magazine
articles, books, courses, manufacturers’
literature and any other printed sources.
Good documentation is hard to come by
and often it will make the difference be-
tween failure and success in getting your
system to work. You will get more value
from your own investment if you have
plenty of written sources to refer to and to
help you in applying it. This is particularly
true if you are a beginner. The more sources
of information you have for the micro-
processor, the easier it will be for you to
learn to use it. You should always con-
sider this factor before making your final
decision.

Upwards Compatibility

Upwards compatibility refers to the
future of a given microprocessor. It tends to
indicate that a particular microprocessor will
eventually be upgraded or replaced by a
compatible device. Computer manufacturers
found out early that upwards compatibility
was an extremely important part of their
development and marketing strategy. The
upwards compatibility factor is tied to soft-
ware. Individuals who purchase computers
proceed to develop considerable amounts
of their own application software. If at
a later date they decide to replace that
computer, they must take into consideration
the status of their applications software. If
the replacement computer is upwards com-
patible with the previous computer, their
present software will run on the new com-
puter. Because of the significant amount of
time and money invested in software, the
desirability of upwards compatibility is
extremely important. If an entirely different
microprocessor or computer is selected, it
may be necessary for the users to completely
convert or abandon their present software.
This is highly undesirable since it involves
throwing away a considerable investment.

When considering a microprocessor, you
should examine the concept of upwards
compatibility. Will the microprocessor you
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years has become nearly a standard. While
not an official standard, it does neverthe-
less provide the user with a wide choice of
options and accessories for his 8080 based
microcomputer. However, keep in mind that
the Altair bus became a de facto standard by
virtue of being the first widely sold design.
Many manufacturers jumped on the Altair
bus bandwagon when they started because
it had a built-in marketing advantage; this
helped snowball interest in the Altair bus.
While the Altair (S-100) bus is certainly not
an optimum choice, it is strong inducement
to many individuals simply because so many
people are using it and so many accessory
products are available. By choosing an 8080
microprocessor you will no doubt at the
same time be choosing an S-100 bus. That
isn’t all bad. Keep in mind, however, that
several 8080 designs on the market do not
use the 5-100 bus. Notably these are the
Heathkit and Digital Group designs.

6800

The second most popular and widely used
microprocessor is the Motorola 6800. It was
announced almost a year after the 8080.
Despite its time lag behind the 8080, the
6800 has come from behind to capture a
rather large following. While it is still not as
widely used as the 8080, it is a clear-cut
second place with many followers and
supporters.

The architecture of the 6800 is extremely
simple. It is a classic, almost textbook-like
design. Its instruction set is easy to learn
and understand. And at the same time, it
incorporates a variety of addressing modes.
While it is slightly slower than designs like
the 8080 or Z-80, the 6800 makes up the
lack of speed in its superior instruction set,
architecture and addressing modes.

A wide variety of software has been
developed for the 6800. This software is
widely available to most 6800 users.

The popularity of the 6800 can be illus-
trated by the number of hobby and personal
computer manufacturers using the 6800.
A probably incomplete list of these is
given below.

Southwest Technical Products
(SwTPC 6800)

Wavemate

Electronic Products Associates

MITS {Altair 680b)

Digital Group

Motorola

MSi

Heath Company

A list of second sources for the 6800
chip is given below.

Motorola

American Micro Systems Inc
Fairchild

Hitachi

Unlike the 8080, the 6800 does not
appear at present to offer upwards com-
patibility. It is possible that a more powerful
6800 will be offered in the future. However,
improved versions of the 6800 have been
announced by Motorola. They include
features such as on-chip clock and memory
and higher speed versions. These improved
versions will help lengthen the life of the
6800.

All in all, the 6800 is a well established
microprocessor. You will certainly not go
wrong in choosing this device in your
microcomputer.

6502

The MOS Technology 6502 is essentially
in third place in the hobby and personal
computing field. This device is very similar
to the 6800. There are a number of dif-
ferences in that the 6502 does feature an
on-chip clock, only one accumulator, and
different indexed addressing modes. It
is widely used in hobby and personal
computers.

Due to the large number of KIM-1 com-
puters in the field, the 6502 does have an
enthusiastic following of users and an in-
dependent users’ publication.

Some of the personal computers using
the 6502 are listed below.

Ohio Scientific Instruments
Apple Computer

MQS Technology {KIM-1)
Commodore PET
Microcomputer Associates JOLT

At the present time there are three
sources for the 6502, These are MOS Tech-
nology, Synertek and Rockwell.

While the 6502 is way down the list in
terms of popularity when compared with the
8080 and 6800, it is still a widely used
device. Like the 6800, it is simple to learn
and use. It is a practical choice for a per-
sonal computer.

Z-80

The Z-80 is one of the most popular and
certainly the most talked about 8 bit micro-
processor of 1976 and 1977. While it was
introduced a number of years after the 8080
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Circle 330 on inquiry card.

Software

Games ¢ CRAPS (Las Vegas style) $6.00
o MULTIPLE LUNAR LANDER $8.00
¢ SLOT MACHINE $6.00

* GAME PACKAGE: Russian Roulette, Mad
Scientist, and ABM  $8.00

Graphics « PICTURE MAKER with AMP'L ANNY  $12.00

o GRAPHICS PACKAGE I: Laser Beam, Space
Shuttle, and Biast Off $40.00

+» GRAPHICS PACKAGE lI; Rain in Greece, Fleq,
Textwriter, Random Walk  $10.00

Scientific « FOURIER FIT: Does curve fitting $15.00
Systems ¢ RANDOM NUMBER GENERATOR TEST $5.00
+« HEX MEMORY LOADER $10.00
« MEMORY DUMP PROGRAM $10.00
MEMORY SEARCH $5.00

All Programs Written in BASIC
Complete Easy to Read Documentation
Programs Compiletely Tested

SOFTWARE RECORDS

P.O. BOX 8401-B
UNIVERSAL CITY, CA 91608

(cal residents add 6% sales tax)
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8K STATIC RAM
ASSEMBLED
$-100

(- /e
; DIGITAL 7 I

RELIABILITY 8
QUALITY %
DEPENDABILITY

ADDRESSING o DL OOABLE AMPERS Ay BoARD S0GE
PROTECT o e Lot AN G PO ONED v rroNT PAEY
BUFFERING O LTy L oRD e gL BUFFERED
LOW POWER  Zigaius: mwess icauy meouncs | avPs
WAIT STATES  &cmamr s s smscro
QUAL”Y T e On BT oL BeamG, GOLD CONTACTS
GUARANTEE DAV FOB FULL FEEOND | 2150 a0, Py LIVITED WARRANTY
DELIVERY SO S O FOR MOHE A ORMATION 0 800 TO FESERVE
PHANTOM MEMORY DISABLE IS IMPLEMENTED VIA PHANTOM (PIN 67)
TESTING COMPLETE TESTING NOT ONLY OF ALL MEMORY CELLS BUT ALSO

OF ALL SUPPORT CIRCUITRY AND OPTIONS

INTRODUCTORY 450 ns 250 ns
SPECIAL =oes o vesren §1499  $189%5
CALIFORNIA RESIDENTS ADD 6% TAX

(714) 992- 5540 o .

2555 E. CHAPMAN AVE.
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devices available. Because it is so simple it
does not offer the computing power of the
other devices. Nevertheless, it is extremely
easy to learn and use.

The main reason why the SC/MP has not
been widely used is that again no hobby and
personal computer manufacturer has selected
it for its processor. National Semiconductor
does provide several development kits that
have found some interest in hobby and per-
sonal computing fields. In addition, National
has developed a BASIC-like language called
NIBL that was developed with the hobbyist
in mind. For the homebrew enthusiast, the
SC/MP is a good choice.

1802

The RCA 1802 is another interesting 8
bit microprocessor. This is a CMOS device
which has extremely low power dissipation.
Its low power dissipation has led to incor-
poration of the 1802 design into one well
known experimenter’s project, the next
serics of AMSAT radio amateur satellites.
Again, no hobby and personal computer
manufacturer has sclected this as the pri-
mary processor of a general purpose com-
puter. The architecture and instruction set
of the 1802 is peculiar and thus more diffi-
cult to use than other devices. Little or no
software is available. Nevertheless, the 1802
is relatively easy to use and the homebrew
hobbyist may find it a desirable choice.
RCA makes several development kits that
scrve as a good starting point, one of which
is intended as a low cost hobby computer.

F8/3870

The F8/3870 microprocessor is another
widely used 8 bit microprocessor. The F8
is cffectively a two chip microprocessor
featuring a ROM on one chip. The 3870 is
MOSTEK’s version of the Fairchild F8 in
a single chip form. Neither of these devices
has caught on for hobby and personal com-
puter use. Only one hobby and personal
computer manufacturer ever announced an
F8 based machine and the company which
manufactured it appears to be no longer in
business. Both the F8 and the 3870 micro-
processors were not designed for general
purpose computer application. Instead, they
were designed to be hardwired digital logic
replacements. These are the microproc-
essors that were designed to be buried inside
of equipment as controllers. As a result they
make very poor choices as general purpose
digital computers.

The same is true of the new Intel 8048/
8748. Like the F8 and 3870, the 8048 in-
corporates all circuitry on one chip. This
includes the processor, clock, both pro-
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- ™S 2716
PRAMMER III

by XYbek

The Ultimate EPROM Memory Board

For Your S100-Bus Computer

* Accommodates from 1k to 30k of the above EPROMS, in

any combination, each addressable on any 1k (2k for
2716) boundary within the board’s 32k address space.

1k of scratch-pad RAM.
On-board programming for all three EPROM types.

Tri-state buffers on ail address and data lines.

Empty EPROM sockets do not require address space.
Assembled. tested, ready to run — only $369.50

xybek « p.0.Box4925 « stanford,ca94305

Teiephone: (408) 296-8188
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5365 Assembled

WATCH FOR NEW PRODUCTS
e Very Low Power—650MA+5V; 90MA+12V;

16MA-5V

Applications Notes—6800 and 6502 Sys.

Low-profile sockets for all chips

e Solder mask; silk screen; plated through holes

Each 4K addressable to any 4K boundary
Fully buffered S-100 bus—gold-plated contacts
NEC UPD 410 D memories

COD, Master Charge, B of A, Visa Accepted . . ..
Orders shipped prepaid. California residents
add 6% sales tax.

PO BOX 2507
SANTA MARIA,
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ANDENBERG DATA PRODUCTS

CALIFORNIA 93454
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that the design must do something special
for these cases.

What is really needed is an approach
independent of processor control signals
for refresh. The only signals on the Altair
(S-100) bus that are present under all cir-
cumstances {except power off) are the
processor clock signals ¢1 and ¢2.

Plan Ahead — Backwards

Here's the plan: the memory design should
contain a self-contained refresh system that
uses only ¢2 for its operation. The control
is arranged so that the memory is normally
refreshing, and it is the exception cycle that
diverts it away from refresh to perform a
processor access. This emphasis is ‘‘back-
wards” from most systems, which treat the
refresh operation as the exceptional case.
Now the card merrily refreshes itself until
called on by the processor. If the processor
‘‘goes away,” for example, in a prolonged
wait state (a method frequently used to im-
plement single-step and other front panel
operations), the refresh continues.

When the processor needs to access the
memory card, it must do it on a synchro-
nous basis. This means that the processor
timing on a memory access into the dynamic
memory card is designed to not jeopardize
a refresh cycle in progress (it is synch-
ronized with the refresh timing). Imagine
the processor crashing in on a refresh cycle,
and 64 data locations in the memory not
being properly refreshed and going to
indeterminate states. This is the kind of
“soft error” that occurs only when you
demonstrate the system (It worked per-
fectly on the bench. ..”), and promptly goes
away when you try to fix it.

Programmable Memory Timing

Let’s take a detailed look at the dynamic
memory integrated circuit itself, and at
exactly what signals are required to make it
work. The integrated circuit described could
be any of the various 16 K parts of the
MOSTEK MK4116 type; or, with one small
exception, any of the 4 K parts of the
MK4027 type.

Since 16 K is equal to 214, the part re-
quires 14 address lines to uniquely select any
of its cells. Allowing one line for DATA IN
and another for DATA OUT, this adds up
to all of the pins of the 16 pin package.
That's fine if the chip doesn’t require power
supplies or read and write control, but un-
fortunately, it does. This dilemma is solved
by using a multiplexed address approach.
Only seven pins are used for address inputs,
and the address is loaded in two parts. One









using the row address strobe only uses less
power than a “RAS-CAS” refresh cycle
using both strobes, as noted above. It turns
out for logic simplicity (a real consideration
in view of the small amount of Altair (S-100)
bus card space available) that the decoded
column address strobe method of selection
is the optimum choice. It also happens to
fit beautifully into the 8080 system timing.

It is now apparent that the programmable
memory address pins must be fed from three
different sources: for a processor access,
the low address half and high address half
constitute two of the sources; and for re-
fresh, the refresh counter address constitutes
the third. To sclect these three groups of
address lines, a TTL multiplexer (74153)
mdy be used. This is a dual one-of-four
selector that accepls four inputs and feeds
a common output. The input which is

selected depends on a 2 bit code (called the
select bits) input to the multiplexer. These
signals are labeled MUX1 and MUX2 (see
figure 4). For the 8 K part, which requires
14 address lines, the multiplexer has to be
seven bits “wide” so that the switching is
done seven bits at a time. This means that
three and one half 74153 integrated circuits
are required.

Processor Timing

Turning our attention now to the 8080
system control signals, the dynamic memory
timing must be ‘“dovetailed” into the 8080
system timing. Figure 4 shows the timing for
an 8080 fetch cycle.

Lines 1 to 4 are control lines common to
any 8080 system: the two clock signal in-
puts ¢1 and ¢2, the address bus (actually

I I o e e e e B B s

(PR

{500nS)

T2 T3 ——»

S I N R

jo— 200nS—s|
ADDRESS BUS X000

jo—w{ —120nS

SYNC _____] [

moxe | 1

MUX | 1

MUX STATE o X_ 2 X 3 X 0
ras | 1 B R

CAS

DATA INTO 8080

OBIN

\ iy

DATA QUT OF 8080

ONONONONONONONONONORONONC.

Figure 4: Master timing diagram tor an 8080 dynamic memory fetch cycle using the Altair

L [~

VALID

(S-100) bus. Lines 1 thru 4 show the control lines common to all 8080 systems: the two clock

signal inputs (91 and ¢2), the address bus and the processor SYNC output. Lines 5 and 6 are
the control lines to a one-of-four multiplexer. Line 7 shows the state of the multiplexer selected

by the two control signals MUXT and MUX2. Lines 8 and 9 are the row address strobe (RAS)

and the column address strobe (CAS), respectively. Lines 10 and 11 show the processor timing

requirements for accepting data read out of the memory. Line 12 is the write line (WL) from
the SO80 used to enuble a memory write into the programmable memory.
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MINICOMPUTERS -
MICROCOMPUTERS + WORD PROCESSORS

Here's your chance to buy DEC, Data General, I1BM,
Imsai, Commodore and other famous brands of com-
puters & word processors at fantastic savings.

We have to clear our million dollar inventory —
thousands of items must go.

Mail this coupon or write on your letterhead to re-
ceive your FREE copy of our valuable Mail Order Auc-
tion Catalog. Only mail order bids will be accepted.
Hurry — Auction date is Mon. July 31st 1978.

Please Print C&”‘l‘.; 5

Name

Firm
Address
City, State, Zip

Newman Computer Exchange, Inc.
P.O. Box 8610, Dept.BY7
Ann Arbor, Michigan 48107
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16 lines), and the processor SYNC output.
Lines 5 and 6 show the control lines MUX?2
and MUXT1 to a one-of-four multiplexer, and
line 7 shows the state of the multiplexer
selected by the two control signals MUX2
and MUXT1. Lines 8 and 9 show the principle
memory timing signals the row address
strobe (RAS) and the column address
strobe (CAS); lines 10 and 11 show the proc-
essor timing requirements for accepting data
read out of the programmable memory.
The “valid” indication on the waveform of
line 10 shows when the eight data lines into
the processor must be stable for a success-
ful memory read. The DBIN signal (line 11)
is a signal issued by the 8080 to notify the
input buffers to turn on in preparation for
receiving input data. Line 12 shows the write
line (WR) from the 8080 which is used to
enable the write operation into the memory.

Working Together

Lines 5 thru 9 of figure 4 constitute the
actual memory system design, the result of
trading off memory, Altair (S-100) bus
and processor parameters, and verifying that
all the processor and memory timing con-
siderations are met. The ultimate criterion of
a good design is that it can pass a ‘“‘worst
case’’ analysis — every specification for the
8080 and the programmable memory can
be the worst specified in the data sheets,
and the system will still work. In fact, a
good figure of merit for a digital design in-
volving complex timing (such as this one) is
how far beyond worst case the specifications
can be for the system to still function
properly. This is known as margin. The
better the margin, the better the designer
sleeps at night, and the better guarantee that
the system will work over a long production
run.

Notice the similarity between ¢2 and
RAS (lines 2 and 8) of figure 4. RAS is
simply ¢2 with certain positive parts missing.
Whenever the 8080 starts an instruction
fetch cycle (signalled by SYNC), the RAS
line must make its negative transition dur-
ing MUX state 2 and stay there throughout
the memory cycle. If the ¢2 pulse during
T2 were allowed through, the memory tim-
ing requirements would not be met. To
inhibit this ¢2 pulse, SYNC is delayed
slightly and used to gate off the unwanted
part of ¢2. Notice that this gating signal is
MUX1 (line 6). SYNC is delayed very simply
by feeding SYNC to the D input of a flip
flop and clocking the flip flop with the lead-
ing edge of ¢1.

Before this cycle gets underway with row
address strobe line RAS dropping, the
address lines to the memory must be set up



to receive the low order part of address lines
from the processor. The multiplexer must
therefore switch from state O (the refresh
select state) to state 2 (processor-low address
state) prior to the fall of RAS. This is
accomplished by the signal MUX2, which is
turned on by the leading edge of SYNC,
This edge gives the address lines more than
enough time to settle before they are sampled
by RAS.

After the row address strobe part of the
cycle is satisfied, the multiplexer switches
to state 3 (the other half of the processor
address lines), and column address strobe is
activated. The column address strobe line
goes low when three signals are asserted as
follows:

1. ¢2 high.

2. MUXT high.

3. The bank of programmable memories
is selected.

The third control, often called ‘““this mem-
ory,” performs the chip select function by
feeding the column address strobe to only
one bank of programmable memories at a
time.

Looking now at lines 9 and 10 of figure
4, we can calculate the access time margin
of the memory system. The data out of the
programmable memory becomes valid some-
time after CAS makes its negative transition.
The data into the processor must be stable
and valid at the time shown in line 10.
Counting the time from CAS-low to the
earliest time data must be valid, the pro-
grammable memory access time should be
6X55 ns (each division is 55 ns), or 330 ns.
In a system, this time is reduced by approxi-
mately 50 ns to allow for the delays through
the data buffers and line settling time.
Let us say that the CAS to data access time
(CAC) must be 330-50 or 280 ns. The speci-
fication for the slowest MK4115 gives a
maximum tcac of 165 ns, a very comfort-
able margin. (If the margin point seems
to be overstressed, its importance will be
seen in the section on Altair (S-100) bus
compatibility).

To complete the cycle, the CAS line
must be held low until the processor is
definitely through with the data lines. This
is indirectly specified in the 8080 data sheet
as being the time that DBIN goes high. Since
this point is anywhere from 25 to 140 ns
after the rising edge of ¢2 in T3, the CAS
line is held low until the falling edge of ¢2
in T3. Note that the RAS line makes its low-
to-high transition well in advance of CAS’s
going from low to high. This is permitted in
the newer dynamic memory parts but would
not be acceptable in the older ones, such

Circte 318 on inquiry card.

FORTRAN IV

THE MOST EXTENSIVE FORTRAN
SYSTEM AVAILABLE, RUNNING ON THE Z-80

* ANSI Standard Fortran IV Compiler
— Byte, Word, Real, Double, Complex, and
String data types and operations.
— Produces efficient and compact code.
— Compiles up to 600 statements per minute.
— Expressions in Do loops, output lists, etc.

* Linking Loader
— Merges, links, and locates Fortran and As-
sembler modules.
— Searches libraries for needed modules.

* Runtime Libraries
— ANSI standard formatter.
— All standard mathematical functions.
— Sequential, Random and Blocked disk 1/0.
— Supports CP/M® and user-defined devices.

AVAILABLE NOW!! $349
OEM Inquiries invited.

smnell r7ystemms semvices mc

P.O. Box 2400 Stn. A Champaign, Illinois 61820

CP/M is a Trademark of Digital Research Group.

FAMOS™

... ASUPERB MULTI-TASKING DOS
OF REVOLUTIONARY DESIGN THAT ENSURES
A TROUBLE-FREE AND COST EFFECTIVE
MULTI-USER ENVIRONMENT

* CRASH PROOF - the resuit of careful
design & coding

* HIGH THROUGHPUT - memory & CPU
efficient

* OPERATIONAL SIMPLICTIY - easy for
non-skilled users

* NO TERMINAL LOCK-UPS - for non-stop
processing

Standard support in FAMOS includes: multi-session-
ing; device independent file system; automatic file
record lock-outs; dynamic task & memory allocation;
dynamic random access files; printer spooler; multi-
user security; user accounting; etc.

| IMMEDIATE DELIVERY 1
....MVT-BASIC™ Compiler: powerfu! string file |/0;
fast execution; shareable object code; BASIC pro-
gram library facilities; keyed access file support;
BASIC program segmentation facilities; 10 digit pre-
cision; floating point hardware support.

* HARD DISKS SUPPORTED *

MVT Microcomputer Systems, Inc.
21822 Sherman Way, Suite 101
Canoga Park, CA 91303
(213) 348-2030
IMMINENT: MULTI-USER DISK BASED WORD
PROCESSING SOFTWARE
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80 percent of dynamic
memory design is printed
circuit board layout.

as the MK4096 dynamic 4 K (both column
and row address strobes had to go high
together). By the time the RAS line makes
its next negative transition, the multiplexer
has switched back to state O, selecting the
refresh address, and another refresh cycle
begins.

The processor access cycle chain of
events is initiated by the 8080 SYNC signal.
Anytime the SYNC signal is not there, the
circuitry automatically reverts to refresh
operation. (Multiplexer state O selects the
refresh counter, the RAS line continuously
cycles, and the CAS line remains inactive
{(high) for the RAS-only refresh operation.)
This implements a strategy that maintains
refresh on a fail-safe basis.

The refresh counter is clocked by a signal
which is suppressed during a processor access
cycle, so that none of the refresh addresses
is skipped. A refinement detail of the de-
sign is a flip flop which eliminates some of
the redundant refresh cycles to conserve
power. This is possible because the latter
scheme considerably ‘‘over-refreshes” the
memory, since a full 128 row refresh is per-
formed in much less time than the 2 ms the
specification calls for. Refreshing more
frequently than the specification requires
has no effect on proper memory operation.

For a write operation, the 8080’s write
line (WR) is timed such that it can be fed
unmodified to the memory’s read or write
control (RW) pin. The write operation is

LONG RAS/CAS CYCLE RAS ONLY CYCLE
| { | { || _'H%
T \ ]
by ] } —
SEENESESEL SEAE AR Sa
}

terminated by the WR line going low to
high, or the CAS line going low to high,
whichever occurs first.

Now, the Hard Part

You might think that the design is com-
plete when the final schematic is drawn,
Not so: it is about half complete. As any
dynamic memory system designer will tell
you, 80 percent of dynamic memory design
is printed circuit board layout. These parts
don’t just sit there like their static counter-
parts, responding with data whenever ad-
dressed. The dynamic part is actually a
sophisticated analog part inside, aside from
being a dense memory array. The circuitry
that senses the charge on the storage capaci-
tors must resolve millivolt levels in the
presence of continuously running 12V
clocks. The power distribution system and
power supply noise decoupling are therefore
the most critical elements of a good dynamic
memory design. This consideration has
killed more dynamic designs than any
amount of poor circuit design.

The dynamic memory has four power
pins. 12V, 5V, ground and -5V, The 5V
supply is connected only to the output
transistors (to provide TTL compatible
outputs), and draws next to nothing in
power. The —5V supply provides high
current pulses of very short durations. Since
these pulses are bipolar in nature, the actual
DC current for the —5V supply is also very
low. It is the 12 V supply and ground system
that need special layout consideration.

The four power pins are located on the
four corners of the dual in line package,
which somewhat simplifies a good power
distribution layout. The best layout for
power is one in which all power pins are fed
from a horizontal and a vertical direction.
This is known as ‘“‘gridded’ power distribu-
tion, since each power pin is placed at the
intersection of a grid of power lines that
simulates a plane surface. Wherever possible,
the power lines should be as wide as the
array density will allow. When density con-
siderations prohibit wide power buses on
all four supplies, the 5V and —5 V supply
buses can be fed with smaller traces (but
should still be gridded).

The second important consideration is
power supply bypassing. The current drawn
by the MK4116 is shown in the waveforms
of figure 5. Notice that all the current is
drawn as a result of RAS and CAS transi-
tions. The factor which sets the MOSTEK
4116 apart from all other 16 K devices is

that after the RAS and CAS current de-
mands, the Ipp (12 V current) drops to
nearly 0. The fact that other parts drop to
some continuous current (on the order of

50 NANOSECONDS / DIVISION

Figure 5: Supply current waveforms for the MOSTEK MK4176 16 K
dynamic memory (courtesy MOSTEK).
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20 mA) when the RAS line and CAS line are
inactive (high) accounts for the wide dif-
ference in power dissipation between the
MK4116 and the others. MOSTEK does it
by turning off the sense amplifiers when
they are not needed, and the rest of the
semiconductor world is presently designing
(or redesigning) to duplicate this feature.

Looking at the most critical current
waveform of figure 5, Ipp, it is seen that
the instantaneous current drawn is about
100 mA maximum. 100 mA per device
times 32 devices (in a 32 K memory com-
prised of 8 K parts) is 3.2 A at 12 V. Before
running out to buy a water pump to cool the
12V regulator, notice that the 100 mA
is drawn for only a very brief time. Suppose
you connect a capacitor between 12V and
ground, let it charge up during the low cur-
rent demand time and supply the instanta-
neous current pulses when needed. This is
the role of the so-called “bypass” or "‘de-
coupling” capacitors. The value needed for
these capacitors can be readily calculated by
estimating the area under the curves in
figure 5. Using the formula C=(iAt)/Av, the
capacitance can be calculated for any
allowed drop in the 12V supply (Av). The
MK4116 allows a 10 percent tolerance on
all supplies, so a good conservative number
to use for the 12 V supply is about 2 percent
or 0.24 V. Estimating iAt (the area under
one of the current waveforms) from figure 5
to be about 50 ns times 100 mA, the formula
yields a value for C of approximately
0.02 uF. (0.1 uF capacitors should work
fine.)

The reason for the above exercise is that
even though the data sheets may say so,
not all dynamic memories are identical.
The primary difference between today’s
dynamic memories is in the current wave-
forms, and only two manufacturers {(MOS-
TEK and Intel) even publish them.

For the bypass capacitors to be effective,
they must be located as close to the memory
power pins as possible, so that the inductance
of the printed wire feeding the instanta-
neous current to the part does not interfere
with this current supply. Note that for
exactly the same considerations as the 12V
supply, the —5V supply should be ade-
quately “bypassed” with capacitors. The
bypass capacitors should be evenly dis-
tributed throughout the memory array.

An often neglected detail of dynamic
memory layout is that the ground system
between the address line drivers and the
memory array must be very heavy. As the
number of integrated circuits in the memory
array increases, the requirements on the

address line drivers become more stringent.
Each address pin contributes a capacitance
of about 4 picofarads, and they are all tied
together in the array. If you follow any
address line through a printed circuit board
memory array, you'll see that it takes a
rather long and usually discontinuous path.
For this reason, series damping resistors
should be placed between the address
buffers and the memory array to help damp
out the undershoot and overshoot caused by
the layout discontinuities.

It is quite a trick to achieve optimum
power distribution layout on an Altair
(S-100) bus format card. The system ground
pin comes in at only one corner of the card,
and it must be routed in a ““web” for a good
board level ground distribution. Additionally,
the required on board regulators use up a
lot of space which, along with the permis-
sible heat dissipation, puts an upper limit on
the number of chips that can exist on a
card. The message here is that a good memory
design requires extreme cooperation be-
tween the designer and the printed circuit
board layout person.

Ah, That ““Altair (S-100) Compatibility”

If you have plowed your way through the
timing diagrams and technical discussion
of this article, you can now appreciate the
fact that the question, “Is it Altair (S-100)
bus compatible?” is one that cannot be
answered with an unqualified yes or no.
The memory system is designed to be
Altair (S-100) bus compatible, but when you
plug it into a Stromdecker X-3 mainframe,
running a Fantastroid Z-80Q processor
card with memory-managed-phantom-
indirect-parabolic-vectored-restart imple-
mented, it might not work. The design
philosophy is to use as few of the Altair
(S-100) signals as possibie, to account for
unforeseen variations in various systems.
Back to figure 4: the only timing lines
the memory counts on being there are
¢1, ¢2, SYNC, DBIN (actually MEMR,
memory read) and WR (actually memory
write). In the case of the memory write
line, any Altair (S-100) design should
derive the memory write signal from SOUT
and WR, since early designs put the gate to
do this on the front panel board, and you
therefore cannot guarantee that the signal
MEMW will be there in all systems.

Some analysis of the interlocked timing
of figure 4 reveals that the card will work
with any implementation of ¢1 and ¢2
that meets the 8080 specifications. The ¢1
and ¢2 timing shown in figure 4 is that
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Imagine pulling out four
8 K static memory cards

and plugging in a single
32 K card that uses less

power than one of the 8 K

cards. This can be done
with today’s dynamic
memories.

provided by systems using an 8224
clock generator with an 18 MHz crystal;
this is the most popular Altair (S-100)
implementation. Will it work with Z-80
processor cards? Maybe. The Z-80 requires
only a single clock, has no SYNC output,
and times its read and write operations
slightly differently than the 8080. Designers
of Z-80 based Altair (S-100) cards realize
that there is a big compatible world out
there that they must back into, so they
attempt to synthesize 8080-type signals
out of the Z-80 system timing. How suc-
cessfully they emulate the 8080 (meaning
how accurately they reproduce signals such
as ¢1, $2 and SYNC) determines the degree
of compatibility in a system of Altair
(S-100) cards.

Incidentally, a final look at figure 4 illus-
trates the elusiveness of the memory “‘access
time'' specification. How many times have
you seen ads that say something like “300 ns
memories,”’ and wondered what this actually
means in an 8080 system? Figure 4 shows
that the access time is not itself a figure of
merit. The actual memory timing must be
compared with the system timing require-
ments to make any sense. The general idea
in a dynamic memory design is to crowd the
multiplexing of row and column address
strobe events as close as possible to the
processor addresses becoming valid, so that
the maximum memory access time is allow-
able. One thing /s certain — faster memories
always cost more than slow ones, s& a cost
effective design should accommodate the

slowest available. The access time margin is
so wide in figure 4 that the system could
actually run much faster and still retain
comfortable margins.

Final Thoughts

The design presented here is intended
primarily to show the important areas of
consideration in a dynamic memory design.
The general concepts can be applied to any
processor and memory interface, using the
same methodology of carefully analyzing
the specific timing requirements of the sys-
tem and the programmable memory com-
ponents, and then merging the two together.
Exactly how this is done is the exciting part
of digital design, where the designer can be
creative. It is most important to firstexamine
the system requirements and keep the
memory faithful to these specifications.

A dynamic design pays handsome divi-
dends in a system. By using low power
Schottky TTL (74LS family), the 5V cur-
rent requirement is kept so low that the 5V
regulator on the card does not even need a
heat sink. The 12V regulator requires a
modest heat sink. The total power require-
ment of the board can be generally less
than any static board, regardless of density.
Imagine pulling out four 8 K static cards and
plugging in a single 32 K card which uses
less power than one of the 8 K cards. This
type of performance is possible only
with today’s high performance dynamic
memories.®
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| Assignment

A. VAR =exp

1l Branch
A. IF 8 VAR relation exp

B. ENDIF
11l Loop
A. DO
B. UNTIL 8 VAR relation exp
C. ENDDO

IV Subroutine
A. CALL 8 NAME
B. SUBROUTINE NAME
C. RETURN

V  Input and Output

A. READ gchannel, VAR1, VAR2, ...

8. PRINT gchannel, { VAR

quotes
1

VI Leaving Interpreter
EXIT
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A High Level Language

for 8 Bit Machines

Variable VAR is set to the value of
the expression on the right side of
the equal sign.

The code following, up to the cor-
responding ENDIF, is executed only
if the wvariable value satisfies the
relation.

Indicates the portion of code to be
executed if the earlier |F statement is
satisfied.

The code between a DO and an
ENDDO is executed repetitively until
the variable satisfies the inequality.
More than one UNTIL may be
included in one DO loop.

A CALL executes the code following
the SUBROUTINE statement with
the same name until a RETURN is
encountered.

READ specifies a transfer from the
device specified by channel, conver-
sion to floating point, and transfer to
the locations in memory specified by
the variable names.

PRINT sends data to a specified out-
put device in binary coded decimal
form, prints ASCIl code between
quotes, and sends a carriage return
for each """,

Causes the interpreter to return to
the monitor.

Interpreters such as BASIC or APL do
not translate the high level source code into
machine language. Rather, they scan the line
of code and then perform a set of operations
based upon the instruction and data stored
in tables from previous instructions. Thus an
interpreter saves the time consumed by
translation, but no machine code is saved for
later execution. The main advantage of an
interpreter is the ease of error correction.
The results of each line of code can be
printed and the exact source of difficulty
can be pinpointed. The price paid for this
feature is memory. The source code, data,
tables and the interpreter program must all
be resident in memory at the same time.

Table 1: The interpreter instruction set
allows the evaluation of expressions, condj-
tional branches, loops, subroutine calls with
multiple returns, and 10 instructions. Key-
words are indicated by boldface type in this
table. The variable names must contain six
or less alphanumeric characters and start
with a letter. Expressions (exp) may contain
numbers, operators, variables, functions and
parentheses. Any of the following relations
may be used: >, >=,<, <5 = ><.
indicates mandatory space. All other spaces
are ignored by the interpreter. The only
limit to the number of loops that may be
nested is the amount of memory space
available for storage on the stack. Everything
past a semicolon on a line will be ignored as
a comment. Each statement must be
terminated with a carriage return.



Programs also run slower because the code
within loops must be reinterpreted on each
pass.

The language proposed here is suitable for
use with both an interpreter and a compiler.
If both are available then the time con-
suming process of compiling is avoided until
permanent machine level code is required;
furthermore, the debugging of a developing
program may be done quickly and easily
with an interpreter in an interactive mode.

The purpose of this article is to intro-
duce readers to concept interpreters and to
present an example of an interpreter for a
high level language.

The interpreter instruction set is shown in
table 1. In addition to evaluating expres-
sions, the interpreter can also perform condi-
tional branches, loops, subroutine calls with
multiple returns, and 10 instructions. These
instructions are sufficient to execute very
complex tasks. In fact, the language is
devised to encourage a top down approach
to writing code so that it is easy to under-
stand, debug and modify. More complex
groupings such as an |IF THEN ELSE con-
struction might vyield slightly shorter pro-
grams if included in the language, but the
convenience of using such structures does
not seem to warrant the considerable effort
required for implementation. Good program-
ming techniques are essential to useful code.

Some other simplifications are made just
to simplify this interpreter. No integer vari-
ables, arrays, complex variables or double
precision variables are included. All numbers
are considered to be floating point numbers
with a 4 byte mantissa and a 1 byte ex-
ponent. Also the subroutine calls do not pass
arguments. Since all the variables are global
symbols, local variable names within a sub-
routine may not duplicate those in another
routine. These restrictions are made so that
the code for the interpreter would fit on a
small machine and so that the main features
of the interpreter will not be obscured.

The interpreter program is written in
terms of a universal set of instructions,
MACL1. These macroinstructions can be
translated into machine code instructions for
a variety of microprocessors if the expan-
sions for each macroinstruction are defined
for your microprocessor. The translation of
the interpreter into machine code is simpli-
fied by the use of a program called a
macroprocessor. Otherwise it can be done by
hand.

High Level Language Statements

\

AREA=AREA+DELTX* {YPLUS+Y)*0.5 §

AREA=0

X=1

Y = {X12) +(2*X)+3

DELTX=0.1

IND=11

DO
X=IND*0.1
YPLUS=(X12)+(2*X)+3
UNTIL IND>=100
IND=IND+1

ENDDO

PRINT 1, “The area is”’, AREA

EXIT
END

Notes

initialization

loop condition counter is
S IND"

start of DO loop

; sum areas using trapezoi-
dal integration rule

UNTIL evaluates loop re-
iteration condition

ENDDO tests loop reitera-
tion condition

output message and AREA
through channel 1

go back to monitor

Listing 1: This example program, written in the high level language
of this interpreter, is a trapezoidal integration routine for the function

Y=(X12)+(2*X) 3.

P2=3.14159*0.005

READ 2,A
IF A<SIN (P2)
PRINT 1,A “A IS TOO SMALL",
EXIT
ENDIF
IF A>SIN(100*P2)
PRINT 1,A, “AISTOO BIG"”,!
EXIT
ENDIF
LOW=1
HI=100
DO
UNTIL HI<=LOW+1
MID=INT( (HI+LOW) /2)
IF A>SIN(P2*MID)
HI=MID
ENDIF
IF A>SIN(P2*MID)
LOW=MID
ENDIF
ENDDO
IF A=SIN(P2*LOW)
Hi=LOW
ENDIF
IF A=SIN(P2*HI)
LOW=HI
ENDIF

XLOW=SIN{P2*LOW)
XHi=SIN{P2*HI}
PRINT 1,XLOW,XHI A

EXIT
END

Listing 2: This example
program gives the flavor of
a longer program with
references to various
mathematical routines. In-
dentation is done to
emphasize program
structure.
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The following sections discuss the im-
plementation of each of the five types of
instructions and show the function of the
instructions in flowchart form. Two exam-
ples shown in listings 1 and 2 illustrate the
simplicity of the resulting high level
language.

Interpreter Organization

The basic elements of the interpreter and
the utilization of memory are shown in
figure 1. Besides the source code and the
interpreter routines, there are four tables,
two stacks and a workspace for control
pointers. The workspace is used for pointers
to keep track of positions in the various
tables, limiting addresses for the tables,
scratch area for temporary results, and ad-

return addresses and for evaluating equations
as described in our discussion of the assign-
ment operations section. The four tables are
for remembering:

1. where previously defined variables are
stored.

2. where subroutines are located in the
source code.

3. where subroutines are located in the
interpreter code.

4. the location of routines to perform the
operations (+, —, *, /, 1) and functions
defined for this language.

The tables are searched by a linear search
routine which starts with the portion of the
table most likely to contain the item. The
ASCIl byte string in the name list is com-

dresses for 10 channels.
The stacks are used for saving subroutine

pared with the desired name. The end of a
name or symbol in the table is denoted by a

CODE TO BE INTERPRETED
CONTROL POINTERS

CURRENT POINTER [SEMANTIC
LINE OF Y | CUR
CODE
INTERPRETER
| MAX
SUBROUTINE — STATEMENT
EVALUATION
MAXIMUM SEMANTIC LOOKUP
SUBROUTINE \ /ALLOWABLE TABLE
PLOT ADDRESS C ) £ T
SOkl R d
L Y] L TOKEN
R
N
? ’ » @] POINTER
SUBROUTINE LOOKUP
EXPRESSION
TABLE INTERPRETER EVALUATION
POINTER | SEMANTIC ROUTINES
o CALLING E
eLoT ROUTINE R R v (F ROUTINE
£8 23
DONE LY Uy
R AT
NN T
SINE
£ PN
OF ROUTINE
N
MULTIPLICATION
ROUTINE
SYMBOL VALUE
TABLE
TOKEN| POINTER @ OPERATION
CODE_TABLE
o TOKEN [POINTER
NYSM [ ol P I}
ES P
ES P ? * o _ 1
X o | » % é R A
AC
0K N K
R D SIN o—

Figure 1: A map detailing the utilization of memory by the interpreter. Part of the memory consists of four tables that are used
to look up values of previously used variables, locations of subroutines in source code, locations of machine language subroutines
for the interpreter, and locations of routines for symbols and functions defined by the interpreter. The two stacks are used in
the parsing of equations and when a subroutine is called or returned from. The two largest areas of memory contain the source
code and actual machine code for the interpreter.
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one in the most significant bit, called a
terminator. When a terminator is reached in
the name list, the pointer in the cor-
responding address table or value table is
incremented to the next item. When a name
is found, the pointer in the corresponding
list points to the location where the value
for the symbols table or the address is
located. The desired name or symbol is
always added to the list to make sure that
the search does not run off the end of the
table. After the search, the name pointer can
be checked to see if the search went beyond
the current length of the list. This technique
is faster than putting an end check into the
search routine.

The subroutines in the high level source
code are not the same as the routines used
by the interpreter for performing operations
and functions. The first set of subroutines
contain source code and the second set
contain machine code for operations exe-
cuted by the interpreter.

Interpreter Operation

Initialize: The initialize portion of the
interpreter has two functions. It loads the
source code from a peripheral and it ini-
tializes the workspace. As it loads, it also
scans the source code looking for subroutine
statements. The name of each subroutine is
put into the subroutine name table, and the
corresponding position in the code is put
into the subroutine address lookup table
shown in figure 1. The initialize routine is
entered from the system monitor, and the
initialize routine returns control to the
system monitor.

Scan: The scan portion of the interpreter
receives control from the monitor and scans
the code starting from the current contents
of the line pointer. Depending upon which
of the 12 instructions of table 1 is encoun-
tered, this routine jumps to one of the
routines as shown in figure 1 in order to
execute one line of code. If an end of file
(EOF) character or an error is encountered,
the scan routine transfers back to the moni-
tor for text editing, reloading or further
execution.

A trace option is included in the scan
routine which prints the name and value of
all assignment statements as they are exe-
cuted. This option is included for debugging
and tutorial purposes.

Assignments: |f the scan routine detects
an assignment statement then the interpreter
jumps to the EQN routine of figure 2. The
EQN routine operation is outlined in table 2
as a list of operations and operands.

The EQN routine uses the routine EVAL

Operation Operand
JSR Igvarad
JSR leval
.POP wdeval
.MOV {wptr),

wdeval
JSR Ifinstm

Description

; Get variable address. Use current line pointer to
fetch variable name. See if name is in name table.
If it is, transfer its address to (wptr), If it is not, add
name to table, Transfer symbol address from symbol
value pointer to workspace at (wptr). Update the
line pointer up to the equal sign.

; Subroutine EVAL evaluates the right side of the
expression and returns the value on the stack.

Put result from EVAL call into workspace.

Transfer the result from EVAL call to the location
specified by the contents of (wptr}.

Scan the rest of the line of code skipping over the
comment field up to the carriage return and update
the current line pointer.

Table 2: An outline of the EQN routine. The routine first gets the variable
address, then evaluates the right side of the expression and puts the value into
the workspace. It then skips over the comment field to the carriage return,
updates the line pointer, and decodes the next line of code. This outline flows
from top to bottom, with the “‘operations’ and “operands’ intended to be
used with a macroassembler.

L1 mode: In this mode an operand, unary operator, left parenthesis, or function is

expected.
If this token
type is
received Then parform operation
operand: stack the operand. If the operator stacked is not a ‘("
perform the indicated binary operation. Proceed to
mode L2.
operator: must be unary. Stack operator and stay in mode L1.
Push a 0 onto the stack if operator is a minus sign.
function: push variable near operand stack. Push $ onto opera-
tor stack to indicate a function. Stay in mode L1.
right
parenthesis: error.
left

parenthesis:

push it onto operator stack. Stay in mode L1.

L2 mode: In this mode an

operator, right parenthesis, or carriage return is expected.

If this token
type is
received

Then perform this operation

operator:

push operator onto stack. Go go mode L1.

operand:

error.

left
parenthesis:

error.

right
parenthesis:

pull operator from stack. If it is a “/('’ unstack it and
return to mode L2. If it is a $ perform the function,
then return to unstack operation.

carriage
return:

check operator state. Operand stack should have
axactly one value. Convert value to floating point.
Return to EQN routine.

Table 3: The Bauer-Samelson algorithm to determine the order of operation
of an expression. The algorithm starts in the L] mode looking for an operand.
The execution of the expression starts in the innermost parenthesis and works
from left to right without any consideration for precedence.
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Explanation of error messages used in this flowchart

— Error 1: An operand, “{’‘, or unary operator ex-
oo pected at this point.
QRERRTOR Error 2: Variable name exceeds six characters.
Error 3: An operator, “'}’’, or terminator expected
] at this point.
® Error 4: A left parenthesis not found to balance
this right parenthesis.
Error 5: A carriage return was encountered pre-
SEIT maturely. Check for missing right
CHARACTER parenthesis.
YES
IND: =t
PUSH'(*
OPLRATOR
PUSH LETTER
STACK ONTO
OPERAND
PUSH NUMBER STACK
at 8gg3AND
PUSH 'O e
ONTO ONTO STACK l
[*—] OPERAND [*| OPERATOR
STACK STACK |
GET
NEXT
GET CHARACTER
NEXT
CHARACTER
NO
YES IND = YES OUTPUT
IND« 1 IND26 ERROR 2
NO
OUTPUT
ERROR |
PUSH '$'
pp— oPERATOR [™®
NUMBER STACK
oA B
POINT
CONVERT
VARIABLE
TO NUMBER
¥ ON OPERAND
pmm——————- A STACK
! OPERATOR i
1 ON - B YES | PERFORM
I QPERATOR OPERATION
| STACK {
Losemmmmes - NO
GET
NEXT Y. . g
CHARACTER Figure 2: Flowchart of the modified Bauer-
Samelson algorithm. The table of error
usH messages summarizes all the errors that may
oRFGATOR B be encountered while an expression is being
OPERATOR o . .
STACK evaluated. For an algorithmic explanation
of the flowchart see table 3.
PULL NEXT
CHARACTER
OF f
OPERATOR
STACK
v YES
S
NO
FONCTION
QUTPUT YES
ERROR 3 gé'éEAONFDF — DO FUNCTION
STACK
NO
OUTPUT QUTPUT
ERROR S ERROR 4
( RETURN ’
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Equation: X =+4.t1 VAR (CR)

Present Character
Mode Obtained
L1 +4.
L2 1
L1 VAR
L1 {unstack)
L2

New Operand New Operator
Stack Stack

4

4
4,VAR
41VAR
41VAR

—

M L W

Equation: X = (+4* — VAR + COS(SIN{-Y))} (CR)

Present Character
Mode Obtained

L1 {
L1 +4
L2 *
L1 —VAR
L1 {unstack)
L2 +
L1 COos(
L1 SIN
L1 -Y
L1 {unstack)
L2 )
L1 (unstack)
L2 )
L1 (unstack)
L2 )
L1 {unstack)
L2 CR

New Operand New Operator

Stack Stack
=
+4 =
+4 =0
4,0, VAR =(*—
(4*—VAR) =t
() =+
().cos =(+8$
(),COS,SIN =(+8$3$
(),COS,SIN,O,Y =(+%%,—
{ },COS,SIN,(-Y) =(+3.$
{ ),COS,SIN(-Y) ={+%
{no change)
( ),COS,(SIN(-Y) =+
() =
() =
no change
exit

Listing 3: Two examples of parsing done by the EVAL routine. The first equation is performed
sequentially from left to right since there are no parentheses to change the order of execution.
The second expression contains parentheses to modify the order of execution. The first opera-
tion performed is the sine of —Y. The cosine of that value is then determined. The value of
VAR is then subtracted from that value and added to +4. The symbol 1 is used to designate

exponentiation.

to evaluate the right side of the equation,
then the value returned on the operand stack
is transferred to the location assigned the
variable. The FINSTM routine skips over any
comment field up to the carriage return.

EVAL: The EVAL routine uses a slightly
modified Bauer-Samelson algorithm to deter-
mine the order of execution of an expres-
sion. [For a thorough discussion of this
method see February 1976 BYTE, page 26./
The execution starts in the innermost
parentheses and works from left to right
without any consideration for precedence.
Since many different types of precedence
have been used in other languages, confusion
is likely. This procedure minimizes the size
of the stack and conforms with the conven-
tions of APL and most assemblers. Prece-
dence is established by parentheses which
make the ordering unambiguous.

The algorithm is shown in table 3 as an
action table with two modes L1 and L2. The
algorithm starts in the L1 mode, expecting
an operand, which is a variable or a name. If
an operand is found, the algorithm goes to

the L2 mode, expecting an operator. After
an operand is found, any operators at the
top of the operation stack are executed. A
flowchart of the algorithm is shown in figure
2.

Two examples of parsing by EVAL are
shown in listing 3. The t symbol is used for
exponentiation. In mode L1, the + and — are
considered unary operators, but if they are
encountered in mode L2 they are considered
binary operators. This distinction is the
rationale for operating in the two modes.
The errors described in the table of figure 2
cause the interpreter to terminate execution,
print the line of code up to the error, and
print an error message indicating the
difficulty.

IF: The routine shown in figure 3 first
compares the variable with the expression
and then the interpreter executes the code
up to the corresponding ENDIF statement,
but only if the variable meets the conditions
specified by the IF statement. This routine
uses the EVAL and SEARCH routines.

A flowchart of the SEARCH routine is

GET
VARIABLE
AND ITS
VALUE

I

SET
INEQUALITY
FLAG

|

CALL EVAL

EVALUATE
EXPRESSION

CALL SEARCH

LOOK FOR
END, ENDIF,
OR IF

CALL FINSTM

SKIP THE
COMMENT
FIELD

GO 70
SCAN

Figure 3: The IF routine
evaluates the expression
and then checks to see if
the inequality has been
satisfied. If the inequality
/s not satisfied it will per-
form the operations
between the IF statement
and the line containing the
ENDIF statement. [If the
inequality is satisfied then
the interpreter skips over
the instructions and goes
to the line of code directly
after the ENDIF state-
ment.
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shown in figure 4. The SEARCH routine
scans the line of code trying to find an
ENDIF statement. [f another |F statement is
encountered the subroutine calls itself to try
to first find another ENDIF before it goes
back to searching for the first ENDIF. If one
ENDIF statement is not found for each IF
before an END or ENDDO statement, an
error is announced.

An IF and its corresponding ENDIF may
not straddle an ENDDO. If this were al-
lowed, the data stored on the stack by the
DO loop might not be unstacked as the DO
loop is exited.

Search: Each line of code is inspected
until an END, ENDIF or IF is encountered.
An IF causes the search to initiate another
search for an ENDIF, an END causes an
error, and an ENDIF causes a return.

Figure 4: The SEARCH routine inspects each line of code until an END,
ENDIF or |F command is encountered. An IF statement causes the search to
initiate another search for an ENDIF. Note that this means that the routine
will be calling itself recursively, so care must be taken in allocating and pre-
serving local data within SEARCH during recursion. An END statement
causes an error and an ENDIF statement causes a return from the SEARCH

routine,

SEARCH

g

CALL FINSTM

JUMP OVER
COMMENT
FIELD

l

CALL SCAN

EXECUTE
INSTRUCTION

l

PULL OLD
LINE
POINTER
FROM STACK

STORE LINE
POINTER

(N LINE
POINTER
REGISTER

CALL FINSTM

JUMP OVER
COMMENT
FIELD

[

CALL SCAN

EXECUTE
INSTRUCTION

Foos-—-o-- A
GET VARIABLE |.__J UNTIL 1
NAME VAL UE 1 INSTRUCTION !

SET
INEQUALITY
FLAG

[

CALL EVAL

GET NEXT
EXPRESSION
----- -1
| 1S ]
| EXPRESSION ! NO
| END, ENDIF,  |-=-=
| ENDDO ORIF
P J
YES
------- h]
bis | CALL SEARCH
! YES
l .EFXPRESSION | RECURSIVE
! | SEARCH
o -— =
HE )
IEXPRESSION ____ TEST \YES gurpm
:END OR ENDDO RROR
[ |

RETURN

Figure 5: The DO routine will perform the operations between the line of
code containing the DO statement and the line of code containing the
ENDDO statement until the inequality is satisfied. When the inequality is
satisfied the interpreter will exit the DO loop and perform the first line of
code that follows the ENDDO statement.
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EVALUATE
EQUATION

l

DETERMINE
VALUE OF
INEQUALITY

PULL LINE
POINTER
OFF STACK

=== ——-- SEARCH

) INCREMENT FOR

LINE POINTER ! ENDDO

1 7O FIRST 1

| LINE AFTER |

LENDDO

LINE
POINTER =
ENDDO+1
JUMP QVER
COMMENT
OQUTPUT
FIELD ERROR
MESSAGE

soT0
SCAN RETURN





http:CATAl.OG

caLL

GET
SUBROUTINE
NAME

|

FIND
SUBROUTINE
LOCATION IN
LOOKUP
TABLE

PUSH CURRENT)|
LINE NUMBER
ONTO STACK

I

LINE
POINTER:=
SUBROUTINE
LINE NUMBER

l

CALL SCAN

EXECUTE
INSTRUC TIONS

P

ULL 0LD
LINE POINTER
OFF STACK

[

JUMP OVER
COMMENT
FIELD

l

CALL SCAN

EXECUTE
INSTRUCTION

GET
VARIABLE
VALUE
END |
ERROR
RESET
LINE
POINTER
GET
VARIABLE l
VALUE
CLEAR SYMBOL
1 TABLE AND
STACKS
ouTPUT
ERROR |
MESSAGE
SKIP OVER
I COMMENT
FIELD
JUMP OVER
COMMENT
FIELD

GO TO
MONITOR
GO 1O

MONITOR

Figure 7: The END statement should be the
very last statement at the end of u program
or subroutine. If during normal operation an
END statement is encountered, there huas
been an error in execution. This END
ERROR routine is used before the inter-
preter exits to the monitor program.

RETURN
TO MONITOR

SCAN NEXT
LINE OF
CODE

Py Q0P
AD S OFF

LL L
DRES
TACK

SCAN NEXT

Figure 6: Flowchart for the CALL and RETURN routines. The interpreter

LINE OF
CODE

END QUTPUT
SUBROUTINE ERROR RETURN
P MESSAGE
NO

allows multiple return statements and allows the subroutine to have a return

from within a DO loop. Subroutines may be nested with the only limit being

the amount of memory space that is available for use by the stack.
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Figure 8: The EXIT routine transfers control
back to the monitor program. The line
pointer is reset to the beginning of the
program, the stacRs dare reset to their original
values, and the symbol table is cleared.
-—

DO: The flowchart of the DO routine is
shown in figure 5. The DO loop routine
stores the line pointer on the stack. The line
pointer will be used later by the ENDDO
macroinstruction to determine where to
return in the source code. The use of a stack
allows nested DO loops. The lack of state-
ment labels excludes the possibility of errors
caused by not nesting DO loops within cach
other (which is possible in a language like
FORTRAN).

The UNTIL instruction provides the
means of exit from a DO loop. When the
variable satisfies the incquality, the program
moves to the code past the next ENDDO
statement. For a DO loop of fixed length the
variable must be initialized prior to the DO
statement and incremented within the loop.

Subroutine Call: The CALL routine
shown in figure 6 determines the location of
the subroutine code in the code list by
looking up the location in a table. The table
of locations is built for later use during the
initialization process before any code is
executed. The location of the current posi-
tion in the code is saved in the stack. Usually
the operand stack is used.

The RETURN routine recovers from the
subroutine by loading the old line address
from the stack into the line pointer. A
RETURN from within a DO loop presents a
special problem which is resolved by search-
ing for any lone ENDDO statements and
pulling the loop address off of the stack.

END and EXIT: The END routine is
shown in figure 7. The END routine denotes
the end of the program or subroutine. Its
main purpose is to prevent the program
execution from proceeding into another
routine, causing an error.

The EXIT routine shown in figure 8 is
responsible for transferring control back to
the monitor and mopping up chores such as
resetting the line pointer to the beginning,
resetting stacks, and clearing the symbol
table. [t normally would not clear the
subroutine table as the code may be rerun
later.

Conclusion

The interpreter is especially adapted to
interactive programming. The language
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Your Tarbell Going

General Theory

The function of the Tarbell cassette
interface (referred to as the “Tarbell”)
is to enable a computer system to save the
contents of memory on audio tape. The pur-
pose of this article is to explain how the
Tarbell interface works and to suggest some
improvements to its design for readers who
have had difficulties with the unit.

The Tarbell is intended for use with
inexpensive cassette recorders: the inputs
and outputs are matched for the typical
Aux In, Ext Spkr and Earphone connec-
tions. The computer interface to the Tarbell
is on a byte level, with the bytes and com-
mands passed by 1O instructions on the
Altair (S-100) bus.

ANALOG SECTION

CASSETTE

SHIFT OUT

SHIFT IN
BUS
INTERFACE BUS

INTERFACE

Figure 1. Block diagram of the Tarbell cassette interface board.
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The Tarbell converts digital information
to an audio form that can be written on
magnetic tape. In turn, it recovers the
digital data from the audio signal. These
are the primary functions; the rest have to
do with the “housekeeping” involved with
the Altair (S-100) interface.

Figure 1 shows a simplified block draw-
ing of the Tarbell.

A cassette recorder has definite fre-
quency limitations. The higher the fre-
quency, the less accurate the signal repro-
duction will be. On the other hand, speed
of operation is critical for the success of a
storage medium. The Tarbell makes its
compromise at approximately 1500 bps.
This is determined by the interface clock.

The rate of data flow to the cassette
must be known if the data is to be re-
covered. At first it might seem that we
could use the same clock to move raw data
to and from the tape. The problem is that a
cumulative error will quickly build up when
a long stream of data is read. There are two
solutions to this. First, write the data only
in small groups (say ten bits) with definite
start and stop points in each group. This
is called asynchronous recording. Second,
write long uninterrupted data streams and
include some clock information with the
data. This is called synchronous recording.

The Tarbell generates synchronous data
streams. Some clock information is added
to the data by a technique known as phase
encoding. To phase encode, one simply
performs an exclusive OR operation with the
clock and data (see figure 2). The Tarbell
block diagram now takes on the form of
figure 3.



Note that phase encoding does not mean
that the decoding circuitry is free from the
task of generating a matching clock. This
will still be a critical part of the operation.
We have simply eliminated the possibility
of cumulative timing errors.

Assembly

The Tarbell cassette interface board is
plated through but does not use a solder
mask or silk screen printing. A 30 page
manual is included with all needed parts.
The kit does not include sockets for inte-
grated circuits.

Assembly is not difficult. The original
design lacked several pull up resistors and
small capacitors, which led to noise prob-
lems. Subsequent revisions have incor-
porated these parts without any major
board changes. Consequently, some of these
parts are in unlikely places. A careful ex-
amination of the assembly drawing is re-
quired. If you have access to a copying
machine, | suggest that you copy the parts
list, assembly drawing, and two schematic
pages to facilitate construction. Repeatedly
flipping back and forth in the manual be-
comes tiring and one does not feel so bad
about checking off items in pencil on a
working copy as construction progresses.

There is a 50 k potentiometer on the
board that is inappropriate. It is of the
thumbwheel variety, and is too big: you
cannot insert a board in the Altair bus slot
directly in front of a Tarbell. There are also
electronic problems with this part, which we
will get to presently.

Operation (Digital Sections)

For output, bytes are loaded into a shift
register. A timer clocks data out of the
register into an exclusive OR gate. The same
timing signal goes into the other input of
the exclusive OR. The result is that a phase
encoded signal is written onto the tape. A
status bit informs the computer program
that the last bit is being transmitted and the
next byte can be loaded.

For input, the decoded clock signal feeds
the data into a shift register. For startup, the
register is examined for a sync byte. When
this pattern is detected, a modulo 8 counter

||o

el

o | + | o [ 1] DATA

PHASE

RESULT

Figure 2: Phase encoding. The Tarbell interface uses this technique, which
involves performing an exclusive OR operation with the clock and the data.

is enabled. This counter flags the computer
program after eight new bits (byte) are
loaded into the shift register. The sync
byte pattern (hexadecimal E6, or binary
11100110) is hardwired into the interface.

A cassette with a sync stream written on
it is supplied. An LED on the Tarbell is
supposed to light up when the aforemen-
tioned sync code is detected. The setup
operation consists of adjusting the cassette
volume control and the 50 k pot until the
LED remains on with a steady light. Here is
where the difficulties begin.

CLOCK

ENCODE

SHIFT OUT

ANALOG SECTION

/

CLK
SHIFT N
l\/} DATA

BUS BUS
INTERFACE INTERFACE

Il

DECODE

CASSETTE

Figure 3: A more de-
tailed block diagram of
the Tarbell cassette inter-
face showing the phase
encoding and decoding
procedures.
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The presence of a steady sync light is a
good indication, but it does not guarantee
the ability to read long files. A single missed

OUTPUT TO CASSETTE clock. pulse in the sync stream will almost

AUX INPUT certainly go unnoticed. However, a single
missed clock pulse during the reading of a
data file will cause the subsequent bits to
be read incorrectly. Also, the sync stream
does not have a 010 pattern in it, which
turns out to be a prime candidate for drop-
ping a clock pulse.

With some cassette players and Tarbell
combinations, the control settings are non-
critical. The lack of a good setup indicator
isn't important in these cases. On other
cassette players the settings are critical;

Figure 4: Output section of the Tarbell interface. The circuit contains a extremely so. Here, the absence of a source
simple low pass filter with a cutoff frequency of 1.5 kHz. The filter eliminates of feedback for the setup is sorely missed.
the high order harmonics to produce an approximate sine wave, which is Our early experiences with the Tarbell
then recorded onto the cassette. were problematical. As we began to look
+5
IKQ
I_«M; 74086 *5
SW7 (TYPICAL) T
/>
c7
033 RS
O Db 2 sok
| 2 14 |12 poT
r—————- r——— - —— === == == F—T— 3 RAW
: ¥ A ! DATA
| 8T20 POSITIVE EDGE !
| 9K !
1 |
7 1 7
) TaLTe RECOVERED
| 1 | DATA
! | —]1°
! [
CASSETTE C6 I i lo " o
INPUT 02 | b ck 0 )
I I [ SHIFT
© | | REGISTER
|
cie |
1008 2 50221 |comparaTOR e > J
| RECOVERED CLOCK
]
1
1
!
1
]

* ON SOME MODELS,THIS MAY BE A 2.4K RESISTOR

Figure 5: Input circuitry of the Tarbell cassette interface (internal details of the 8T20 circuit have been included for clarity).
The incoming sine wave signal is transformed into a digital signal by the comparator circuit inside the 8T20 (see figure 6).
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more closely at the device, we ran into more this circuit by providing hysteresis: When
questions than answers. For example: the output of the comparator is high the
divider circuit is electrically equivalent to
figure 7a. When the output is low, the cir-
cuit is roughly equal to that of figure 7b.
The effect of this is to eliminate oscillation
about the bias point.

A.Why do different Tarbell units have
different levels of reliability?

B. Why do seemingly equivalent tape
decks yield different performances?

C. Why will a very cheap cassette machine
outperform one costing many times
more money?

D. Why do some very good cassette tape
brands fail to do well with the Tarbell, > >
while others, even less expensive
ones, do a fine job? 1 L L s

E. Why must (as the manual recommends) | +
the tone control be placed at maxi-
mum treble? With the highest fre-
quency we wish to have on the tape
being 1500 Hz, the results should be

.

—

better with the tone control on a Figure 6: Action of the comparator inside the 8T20 circuit. The comparator
high bass setting. acts as a zero crossover detector to transform the sinusoidal input from the
F. How were the resistance and capaci- cassette into a stream of digital pulses.
tance values in the analog sections
chosen? (7a) (76)
With these questions in mind, we took a
closer look at the Tarbell and came up with *5 +5

the following information.
The critical part of any tape storage sys-
tem is the analog input section. The entire 3K 3K
digital data and clock recovery circuit of
the Tarbell is constructed from a single
IC (the 8T20) and a few passive components.
Figure 4 gives the output section. This is
really a simple low pass filter with a cutoff 1.5K 1.5K 4.7K
frequency of 1.5 kHz. The filter eliminates
the high order harmonics of the output digi-
tal signal. The result is a sine wave, or nearly

1.9V 2 10% 1.6V 210%

$O.
The input section of the Tarbell is shown (7¢)

in figure 5. We have drawn out the internal

8T20 circuitry. Data on the 8T20 in the | |

early Tarbell manuals was absent. l /;

To recover the data, it is first necessary
to convert the sine wave recovered from the /
cassette unit to a digital signal. Assume for
the moment that the sine wave is symmetric
about OV. A comparator with one input
grounded (a zero detect circuit) would then
produce a digital signal that matches the
original one (see figure 6).

Once the input signal passes through C6
{a 0.2 uF capacitor in the Tarbell input sec-
tion), it loses any DC level. The DC level is
then set by the 9 k and 5 k voltage divider

\ /

|
|
|
{
!
1
|
1
|
|
I

resistors inside the 8T20. To convert the Figure 7: Equivalent circuits for the voltage divider input circuit (R1, R3,
signal properly, the positive input of the R2 and D1) in figure 5, plus the resulting output waveform. Figure 7a shows
8T20 comparator must also be set to this the equivalent circuit for the case when the comparator is high, and figure 76
voltage. This is accomplished by the voltage shows the equivalent circuit when the comparator is low. Figure 7c is the
divider formed by R1 and R3. As figure 5 output waveform. This hysteresis effect is designed to eliminate oscillation
shows, R2 and diode CR1 play a part in of the comparator if a signal “hovers’ about the bias point.
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] o o | N 0 ORIGINAL DATA
L LT LT LT e
CLOCK
ENCODED
il L | I—I_L_l— SIGNAL Figure 8: Recovery of the clock from the

encoded signal. The encoded signal is formed

I._] L_I l_J U —u gfgg\K/ERED by performing an exclusive OR operation on
the data and the clock. To recover the clock,
fs———{ PULSE IS 75% OF CLOCK PERIOD,T, a one shot with a duration of €X(]C[/y 0.75
MONOSTABLE clock cycles fires on every transition of the
TRIGGER encoded signal.
RESULT OF ALL Is ITOOOROTO!
OR ALL Os / TRANSITION IN ORIGINAL DATA

L L I I L L
Figure 9: Automatic synchronization of the
T LJ LI l | LT LJ L] 1 | one shot (monostable) pulses and the signal

transitions (see figure 8). As soon as a1 to

0 or a 0 to 1 transition takes place in the
CLOCK RECOVERY NOW (N SYNC data, the recovery one shot is forced to
OUT OF SYNC “fall in line.”

Figure 10: Complete timing diagram for signal processing in the Tarbell

interface.
HEXADECIMAL 22 E6H-SYNC BYTE
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ORIGINAL DATA TO TARBELL
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4 a4 44 44444 4 4 - - - | orteinaL crock
- | T T PHASE ENCODED CLOCK AND DATA
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— - = —_— - —— — o —4— _— —— DIGITAL SIGNAL RECOVERED FROM
_—_ — — —t— - - —T —_ — —_— — — — ANALOG
—rrr— T+ + T+t —+—+T <+ 7+ —+ T T RECOVERED CLOCK-GENERATED BY
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O TO | TRANSITION

" THIS LOW FREQUENCY WAVE WILL OFTEN BE LOW IN
VOLUME AND DISTORTED, RESULTING IN A DROPPED
CLOCK AND LOSS OF SYNCHRONIZATION
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SYMMETRIC SINE WAVE
INPUT TO COMPARATOR

I~
/
Py

\ DC "TRIGGER" LEVELS,
WITH HYSTERESIS,

INPUT TO COMPARATOR

SHOWN INCORRECTLY

1

C16 reduces any very high frequency
noise coming in on the line. C6, besides
serving as a coupling capacitor, also forms
a filter with the 8T20’s internal 5 k resistor.
The effect is to reduce the low frequency
part of the signal. It is also an effective
60 Hz and “wow” filter.

Once the original digital signal has been
recovered, we can proceed to reconstruct the
clock signal, and from that, the data. On
every transition of the digital signal, a
monostable is triggered (see figure 8). The
timing of the pulse is critical. It should be
75% of the period of the output clock.
(You may have to study figure 8 carefully
in order to understand how this recovery
process works.)

Next, examine figure 9. It shows the
automatic synchronization process of the
monostable pulses and the signal transi-
tions. As soon asa 1 to 0 or a0 to 1 transi-
tion occurs in the original data, the recovery
monostable is forced to ‘‘fall in line.” For
this reason, some kind of start byte is re-
quired ahead of the normal sync byte when
using the Tarbell. The entire process is
shown in figure 10.

The major problem with this circuit is
its sensitivity to waveshape and amplitude.
The primary cause of this rests in the way
the DC levels are set for the comparator.
The 8T20 specifications give the reference
voltage available at pin 7 as a nominal 1.4 V,
with minimum and maximum vaiues of 0.8

SET FOR SINE WAVE,
TRUE DC LEVEL

SINE WAVE DC LEVEL

SYMMETRIC RESULT OF
MATCHED DC LEVELS INPUTS TO
COMPARATOR

|7 } ASYMMETRIC RESULT OF
MISMATCHED DC LEVELS,WITH

HYSTERESIS

and 2.0 V, respectively. Since the “+’" input
to the comparator is set by an independent
voltage divider, an error of half a volt is
possible. Figure 11 shows the effect of mis-
matched DC levels. As you can see, the
more closely these DC levels are matched,
the better off you will be.

The timing distortion produced by this
effect can be compensated for by the proper
setting of the monostable, up to a point.
However, the more the timing is off, the
more critical the pot setting will be.

The monostable pulse time is determined
by C7 and R8, a 50 k pot. The timing is
defined by the relation:

Tw=(C) (R) (In 2)

For the given Tarbell output frequency we
require a pulse of (.67 ms) (0.75) = 0.5 ms.
Therefore, the R/C relation is R=.72/C, with
R in kilohms and C in microfarads. For a
.033 uF capacitor, R should be 21.85 k&2;
for .039 uF, it should be 18.5 k&2. A large
fixed resistor in series with a 5 k§2 trimpot
would do a far better job here.

The next factor affecting this timing is
in the cassette transport itself. Flutter, a
high frequency variation in tape speed, will
cause the sine waves to vary in period.
Figure 12a shows the effect of flutter.

The shape, symmetry, and amplitude
of the wave will also affect this timing.
Inexpensive tape machines generally use
tone controls that work in tandem with the

Figure 11: Effect of mis-
matched comparator input
DC Jevels.
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(12¢)
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Figure 12: Factors causing timing distortion in Tarbell processed signals. Figure 12a shows the
effects of flutter, or high frequency variations in tape speed. Figures 12a, 12b and 12c illustrate
the effects of shape, symmetry and amplitude, respectively, of the signal waveform on the
digitized output. Figure 12 shows how changes in signal amplitude caused by the low pass filter
in the input circuit (see C6 in figure 5) can affect pulse width.

I I
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HYSTERESIS PRESENT

Figure 13: Effect of the presence of hys-
teresis: a sudden unexplained dip in DC
level.

Figure 14: High amplitude signal with steep
sides resulting from a high treble setting on
the cassette recorder.

volume control. Each will affect the other.
The effects of these factors are shown in
figures 12b, ¢, and d.

The high pass filter created by C6 in the
Tarbell causes the amplitude of the input
signal to vary according to frequency. The
result is shown in figure 12e. This frequency
change area is already a sensitive point;
the mismatch of amplitudes compounds
matters.

We noticed one additional effect in a
Tarbell unit, for which we have no explana-
tion as yet. The input appears as in figure 13
whenever the hysteresis circuit is connected.
With the hysteresis removed the wave
oscillates about a fixed center line.

Bearing all of this in mind, we're ready
to try for some answers.

Tarbell wunits with the more closely
matched DC level inputs to their comparators
will be less sensitive to all of the factors
that can cause problems. A very slight
difference, even 200 mV, is significant.

Also, the higher the input signal ampli-
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The presence of even mild dropouts on
the cassette tape will also cause problems.
A 1 ms loss of a few decibels of output level
wouldn’t be noticed in audio work, but
could mean the fatal dropping of a clock
pulse when recording digital information.
Thus, some cassette tapes that pass audio
tests with flying colors may be unacceptable
for digital applications. (We have had ex-
cellent results with Scotch low noise, high
density C-60 tape.)

As for the differences in cassette decks,
there are many possible factors: probably
the main one is the amplitude of the output
signal. However, the amplitude effect is
closely tied to the waveshape, and a pure
sinewave does not always yield the best
results. In other words, high cost and ac-
curate reproduction do not guarantee good
performance.
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Corrections

A few simple changes in the Tarbell input
section will significantly improve perform-
ance. (Refer to figure 15.)

First, remove the hysteresis circuit,
either by cutting the trace on the rear of
the card that connects R2 to CR1, or by
simply removing one of these two com-
ponents. If you are a diehard believer in
hysteresis, replace R2 with a 47 k or larger
resistor. Bear in mind that the 8T20 specs
give a 4 mV input threshold.

Next, replace R1 with a 5k or 10 k pot.
This will enable you to set the “+” input
level to match the signal DC level.

Set up the Tarbell with its cassette
player. Place a logic probe on pin 1 or 9 of
the 8T20 (or add a resistor and LED as in
figure 15). With the cassette player off,
adjust the R1 replacement pot near the
area where the light switches from on to
off.

Set the tone and volume controls to their
halfway points. Use the program in listing 1
to generate a test tape. Note that a special
test byte (hexadecimal 22, binary 00100010)
alternates with sync.

Now play back the tape with the test
program running. A signal (light, beep,
etc) implies an error. First adjust the 50 k
Tarbell pot. You should be able to get a
steady sync light with few or no error
signals. From there, adjust the volume and
tone controls until you can run a long test
without a single error signal. As with a well
running Tarbell, you should have a large
range of acceptable cassette settings.

Our experiences with Tarbells with these
few changes have been excellent. They are
totally reliable. Further, tapes written on
other systems, can generally be read without
readjusting the various control settings.

Conclusions

With revision D of the board, the noise
prone floating inputs have been tied down
(or up). But the input circuit is still lacking.
The 8T20 internal bias resistors are clearly
intended for use with a TTL input, not an
analog one. The lack of adjustment on this
bias will continue to cause problems, necessi-
tating fixes such as the one given.

On the plus side, the Tarbell is a con-
tinually evolving and improving device. The
responsiveness of its manufacturer (Don
Tarbell) is unsurpassed in the industry.
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The board is available, has no “exotic”
components, and is simple to set up and use.

The cassette writing scheme which the
Tarbell executes is one of several cassette
methodologies now being used in the per-
sonal computing field. Several versions of
this type of recording method are now
available in the hobby market. The 1500 bps

speed is acceptable for work with small to
medium length data files. For program load-
ing, it is excellent,

We'll take this opportunity to cast our
vote for phase encoding at 800 bits per inch
as 2 cassette standard and recommend it,
from whatever manufacturer, for small
computer systems.®

Manufacturer’s Reply

Thanks for the opportunity to reply to
Larry Weinstein's article.

First, to reply to the questions posed:
A, B, C, and D are somewhat related. The
main source of reliability problems we have
found on the interface is faulty integrated
circuits. These are sometimes difficult to
isolate, especially when the problem s not
occurring all the time. Tape drives vary
considerably in their performance charac-
teristics. The main requirements for our in-
terface are a frequency response to 8000 Hz,
and an output amplitude of at least 5V
peak to peak. We haven't found any recorders
that have these churacteristics that haven't
worked with the interfuce. Some expensive
recorders, sadly, don't have the above
minimum requirements.

As mentioned in question E, the highest
frequency the interface works with is Jp-
parently 1500 Hz. A certain number of har-
monics above this, however, are required to
accurately reproduce the phase shifts that
this method uses. That's why it's usually
better to have the tone set high. To answer
question F, the parts values were generally
first chosen by u combination of calculation
and experience. They were then tuned
empirically (ie: diddled on the breadboard)
for optimum operation.

! don'’t think of C6 us a filter capacitor so
much as | think of it as a differentiating
capacitor. Its main purpose in my mind,

in addition to removing the DC component, -

is to translate the peuks of the input wave-
form into zero crossings. In this way, the
circuit becomes less dependent on input
amplitude. Although the worst case toler-
dnces ot the components in the input sec
tion theoretically could cause a problem,
our experience is that they don't. Out of the

many units that have been returned for
repair, none required adjustment or replace-
ment of these components to make them
work. On the other hand, it is true that
replacement of RI1 with a potentiometer
could mean the difference between operating
or not operating with a marginal recorder.
The reason that a pot was not used in the
design is that | felt the fewer pots there were
to adjust, the better off the user would be.

We don’t put a fixed resistor in series
with the 50 k pot because we want to allow
the user to adapt to much fuster or slower
speeds, as his requirement dictates. The
reqson for the hysteresis is to reduce the
effects of noise on the input signal. With a
sufficient amount of input amplitude, the
percentage of distortion introduced by the
hysteresis is minimal. Many computers have
a fairly high level of noise, and so do many
recorders. If you have a very clean system,
you may not need the hysteresis, and can
remove it as he suggests. This will also allow
you to work with lower amplitudes, such
as are generated by tape decks without
amplifiers.

In spite of the above comments, | feel
that Mr Weinstein’s article is a valuable
one, and is accurate, on the whole. His test
program, especially, is excellent. | hope,
however, that readers will not try the
changes suggested in the article unless they
actually are having problems. | would also
like to take this opportunity to announce
that the 90 day, no fault warranty on this
product has now been extended to six
months, and to encourage customers to send
their boards back for a quick repair.

Donald E Tarbell

Tarbell Electronics

20620 S Leapwood Av, Suite P
Carson CA 90746
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Now,abook
for the practicing
professional...

“This is the best landbook of data
communications system technology
that this reviewer has yet
encountered.”— Arvid G. Larson in
ACM Computing Reviews
February 1978

Digital Press announces the
publication of TECHNICAL
ASPECTS OF DATA COMMUNI-
CATION by John McNamara.

Written for the practicing pro-
fessional, TECHNICAL ASPECTS
OF DATA COMMUNICATION
details the nuts-and-bolts prob-
lems and solutions in configuring
communications systems. It
features: * comparison of protocols
(DDCMP, BISYNC, SDLC) = exten-
sive explanation of interface stand-
ards (CCITT/V.24, R5232C, R5422,
RS423) » six comprehensive
appendices (how far/how fast?,
modem options, codes, UART,
format and speed table for asyn-
chronous communication, chan-
nel conditioning) ® 20 milliampere
loop ¢ telephone switching
systems ¢ error detection

* 382 pages * 125 figures « 70
pages of tables ¢ index ¢ hardcover

veat Juses

This month we begin u formal Event
Queue, a calendar of coming events
which we know about as of press time.
In order to gain optimum coverage of
your organization’s meetings, computer
conferences, seminars, workshops, etc,
notice should reach our office at least
three months in advance of the date of
the event. Entries should be sent to:

Event Queue

BYTE magazine

70 Main St
Peterborough NH 03458

Each month we publish the current
contents of the queue for the month of
the cover date, und the two following
calendar months. Thus a given event muay
appear as many as three times in this
section if it is sent to us fur enough in
advance.

Mmoo A
I

Digital Press
Fducational Services
Digital Equipment Corp.

Crosby Dnive, Bedtord, MA 01730
[ would like to order
TECHNICAL ASPECTS OF DATA
COMMUNICATION at $19.95 per copy.

[J Check enclosed " Money Order enclosed

I copies of
| (Note: Minimum order for Digital Press to

process purchase order is $35).
Name

Address

City State Zip
Prices apply in U.S. only. B78
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July 17-19, Data Processing Operations
Management, Houston TX. This seminar
will offer the senior data processing
professional an opportunity to gather
the latest management skills. The cur-
riculum is designed toward practical,
applied data processing management
techniques. Contact Philip M Nowlen,
Program Chairman, Director, Center
for Continuing Education, University of
Chicago, 1307 E 60th St, Chicago IL
60637.

July 1721, Coding and Information
Theory, UCLA, Los Angeles CA. This
course will present the fundamentals of
representation, storage and transmission
of data. Protection against storage and
transmission errors using error detection
and error correcting (including ham-
ming} codes will be developed. Effi-
ciency enhancement through infor-
mation compressing codes, predictive
run encoding and Markov chains (pro-
babilistic finite state machines) will be
discussed. Contact Short Course Program
Office, 6266 Boelter Hall, UCLA Exten-
sion, Los Angeles CA 90024, {213)
825-3344 or 825-1295.

July 25-26, Workshop on Use of Com-
puters in Teaching Statistics, University
of New Hampshire, Durham NH. Work-
shop participants will be scheduled for
hands-on use of the following packages:
Minitab 11, IDA, SAS, SPSS and BMDP.
Contact Dr Jerry Warren, Director, The
Office of Academic Computing, 304
McConnell  Hall, University of New
Hampshire, Durham NH 03824.

July 26, Third Annual Indy Micro-
computer Show, Holiday Inn, Indi-
anapolis IN. There will be exhibits,
demonstrations and technical seminars
addressing the engineering, industrial,
scientific, business and personal applica-
tions of microcomputer systems. Contact
Thurman H Gladden, Naval Avionics
Center, D-810, 600 E 21st St, Indi-
anapolis IN 46218, (317) 353-3208.

July 31-August 4, Digital Filters, Uni-
versity of Toronto CANADA. This
course will provide a practical intro-
duction to the subject of digital filters.
Topics will include the frequency ap-
proach, Fourier series and integrals, non-
recursive filter design, theory of recursive
filter design, discrete Fourier transforms,
fast Fourier transform implementation,
estimation of power spectra and non-
linear phenomena due to quantizing
signals. This course will be of interest to
those who use linear combinations of
data. The emphasis is on its basic nature
and  practicability. Contact  Nonie
Watanabe, Short Courses, 6266 Boelter
Hall, UCLA Extension, Los Angeles CA
90024.

August 7-9, Third Jerusalem Conference
on Information, Jerusalem [ISRAEL.
The conference will cover a broad range
of topics on computing applications,
science and technology. Primary empha-
sis will be on the role of computers in
the transfer of technology between large
and small countries. Contact Robert W
Rector, Executive Director, AFIPS, 210
Summit Av, Montvate N| 07645, (201)
391-9810.

August 7-9, Laser Beam Information
Systems, Minneapolis MN. This sem-
inar will cover the growing applica-
tion of laser technology in image and
data manipulation in the form of scan-
ning, transmission, reproduction and
control. The principles and practice of
laser beam information systems will be
covered in preparation for direct appli-
cation to such fields as facsimile, com-
puter memory and display, target
identification, reconnaissance, photo-
composition and image manipulation.
Contact Philip M Nowlen, Program
Chairman, Director, Center for Con-
tinuing Education, the University of
Chicago, 1307 E 60th St, Chicago IL
60637.

August 7-11, Coding and Informa-
tion Theory, University of Toronto
CANADA. See July 17-21, UCLA,
for information.
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Figure 3b: M1, T1/M1,T1, one of the seven interprocessor T state alignments
shown in table 1. Synchronization is achieved after three clock cycles in this
example. A complete discussion of the M and T states can be found in the
Z-80 technical manual. (Note that, even though the arbiter activates the wait
lines at periods during synchronization, this has no effect on the processors
because the lines are not sampled until the falling edge of T2.)

Inter-processor
State Relationship Synchronization Pattern Wait States T States Until
P, /P M1,T1/M1,T3 M1,T1/M2,T3 P, P Synchronization
X"y X 'Y

M1,T1/M1,T1 N o 1 3
M1,T1/M1,T2 N4 1 0 3
M1,T1/M1,T3 N4 0 o 0
M1,T1/M1,T4 N 0o 1 6
M1,T1/M2,T1 N/ o 2 7
M1,T1/M2,T2 Vi 10 3
M1,T1/M2,T3 N4 o 0 0

Table 3: Timing analysis for two Z-80 processors in parallel. The seven
possible interprocessor state relationships are shown at left. The center
column lists the two possible classes of operation for the parallel processors:
the first (M1,T1/M1,T3) occurs when both processors are performing an op
code fetch at the time of synchronization; the second is the case when one
processor is performing an op code fetch while the other is performing a
memory read or write. The wait states column indicates how many wait states
each processor must undergo until synchronization occurs. Note that in two
of the cases, the shared memory arbiter (see figure 2a) need not be employed,
since the two processors fall into synchronization spontaneously.
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suit, enabling 1C3b; ie: granting processor
Y’s request.

System Timing

In order to choose a memory that is
subject to overlapping access requests from
more than one processor, system timing
must be carefully examined. Important
considerations in this design include the
control logic propagation delay and the
“window size’’ provided by the processors
for read or write accesses to the common
memory.

In the single processor system, the
smallest memory access window of any Z-80
instruction occurs during the op code fetch
cycle. The effective length of that cycle is a
few nanoseconds less than 1.5 clock cycles
(1.5 ®). However, the dual processor config-
uration reduces the window size for two
reasons: (1) the delay in processor selection
(ie: the data gating signal) incurred by the
control logic and, (2) the overlap of the
memory request signals from opposing
processors that is required to permit full
speed operation by the processors. Further,
the memory cycle time requirement
becomes more stringent, accommodating
from more than two clock cyclesina 1 pro-
cessor system to less than one clock cycle in
this system.
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Examining the control logic timing shown
in table 2, we observe that the maximum
timing delays from either MREQ line going
active until the arbiter sets the correspond-
ing SELECT line active are as follows:

Maximum

IC In Signal Propagation

Path Delay {ns)
74504 5
74510 5
74LS126 +18

Total Arbiter
Delay: 28 ns

Substituting into the equation for L, we
obtain:

L, = d-56 T -T,
400 -20-28- T,

= 352 - Td ns

The switching delay of the decoding
logic, T4 (SELECT active until the memory
receives the signals), further reduces the
memory access window. Referring to figures
2b and 4, the signal path Ty is:

Ty = 7408 +max [745157 (select),
745157 (enable)| + 745138
= 19 +max [15, 11]+12

= 46 ns
Finally,
La = 352 —Td
= 306 ns

This allows plenty of time for a memory
access operation; so much time, in fact, that
we do not need the faster and more expen-
sive bipolar programmable memory.

We must also consider the memory cycle
timing (LC), reduced by this two processor
system to d — &

L, = -5
400 — 20
380 ns

n

It is good design practice to calculate
delays in the system using the maximum
time figures rather than typical ones, and to
adjust the results by including a safety mar-
gin. Accordingly, we specify the following
requirements for the shared static program-
mable memory:

® Access time 280 ns or less
® Cycle time 350 ns or less

Conclusions and Possible Applications

The principle advantage of two (or more)
parallel processors performing complemen-
tary tasks is the cost savings. For example,
let us say that we operate a packet switching
network in which multiple microprocessors
perform the relay functions of each node,
such as the TELENET of Telenet Communi-
cations Corporation. Our responsibilities
include insuring data reliability (eg: using
cyclic redundance coding (CRC), checksum,
etc), doing format checks, and recognizing
the destination of the traffic and routing it
to another node in the network. Further,
this service must be provided at high speed.

Clearly, for one processor to perform
these and other nodal functions without
some delay, high performance and high cost
systems would be required. Conversely, mul-
tiple microprocessors could perform all of
these tasks in parallel at a significant reduc-
tion in cost.

For the experimenter, a multiprocessor
system doesn’t appear to offer much beyond
aninteresting diversion in design engineering,.
As mentioned earlier, the benefit from this
type of design is increased throughput (by
virtue of the reduced per unit cost). This is
an idea that has little significance for persons
with a dedicated system.

One possible application does come to
mind, however., Many 8080 system owners
are upgrading to the Z-80 for the expanded
instruction set, but for some, direct replace-
ment of a processor board is not possible.
Why not consider adding a Z-80 with your
current system acting as a front end?
Admittedly, it seems like a bit of overkill,
but it is an inexpensive way ($8 for the
interface circuitry of this design) to upgrade.
Of course, after installing another processor,
the owner must write an operating system to
accommodate the addition; but that’s part
of the continuing challenge to be found in
the world of microprocessors.m

REFERENCES

Z80-CPU Technical Manual, Zilog, 170 State St,
Los Altos CA 94022, 1976.












Circle 25 on inquiry card.

ATWOOD ENTERPRISES

KITS ' DID YOU

$ 79095 4K RAM Available assembied and tested $89.95. KNow e ¢ o
BIG SALE

1 each board:

Digital 1/0
Eprom programming

8K Eprom Board {without 2716’s)

- REGULAR PRICE
ANALOG IN 32 inputs, 8 bits, 100 microseconds._} $1 39.85

PROM PROGRAMMING ..%.:". | JUNE ONLY
7 serial ports, fully software controlled. $1 00'00

To 500 baud. Extra zero insertion force sockets $5.00

MOTH ER BOA RD MAKE CHECK OR MONEY ORDER PAYABLE TO:

8 SLOT 44 PIN BUS Kathryn Atwood Enterprises
50 Pin Edge Connector P.O. Box 5203, Orange, CA 92667

Mother Board $20.00 ea Discounts available at OEM quantities. For orders less than $25 total, add $1.25
Connectors 250 ea for shipping. California residents add 6% sales tax. Estimated shipping time 2
Card guides for above $10.00 per set. days ARO with money order. For checks allow 7 days for check to clear.

Beckian Enterprises All Prime Quality — New Parts Only — Satisfaction Guaranteed

EDCE CARD CONNECTCRS:  COLD PLATID, 25 PIN DB TYPE SUBMINTATURE CONNECTORS.
BODY Non brittle, sotvent resistant, high temperature G E Velox. The finest elec CANNON Gold Piated. The Best You Can Buy.
;\:‘Eily properties avaslable CONTACTS Bifurcated Phosphor Bronze, Gold over DB25P Male Plug $2.60 ea 5 pes.
' DB25S Female Socket $3.70 ea. 5 pcs
PE: DB 51212-1 Hood. (Grey) $1.00ea. 5 pes.
ALTAIR TYPE: ContactCtrs 125 Row Spacing, 140 DB 5122614 Hood. (Black) $1 10 en. o pes.

50/100  Dip Solder $4.00 ea 5 pcs D 20418-2 Hardware Set $0.80 ea. 5 pes.

TMSAT TVPE: Contact Ctrs 125 Row Spacing, .250 SAVE: BUY A COMPLETE SET.
50/100 Dip Solder $4 25 ea 5 pes Complete Set includes' 1 pc. DB25P. 1 pc. DB25S:
50/100  Wire Wrap {1 Turn) $4 25ea 5 pcs . 1 pc. Hood of your choice Grey or Black
. . {3 Turn) 1 Set $6.50 ea. 5 Sets $6.25 ea.
IMSAL Card Guides 25 per pair to IMSAL Prices
Note Also good for CROMEMCO Note: For D 20418-2 Hardware Set, add $0.75 ea.

OTHER CONNECTORS AUVATLARLE 2708 - PRIME §080A - PRIME

- : {450 nS) $9.40 ea.
L1007 Contact Cres: 140" Ruw Spac {nga. $14.00 ea.
16/30 Solder Eyelet $230ea 5 pcs $2.10 -\ . o 5
22/44 D Solder $275ea 5 pes. $240 ea. 1.C. SCCKETS: DIP SOLDER
22/44 Wire Wrap (3 Turn) $2 50 ea S pes $2.20 Low Profile.
40/80 Wire Wrap (3 Turn) $4.00 ea 5 pes. $3.70 14 pin. & 16 pin. $0 16 ea.

Weay Spac Gia (s 200" (Rete Spac ing HEAT SHRINK TUBING

156" Contact Ctas: 140" Rew Spac ing. 1/8 Shrioks o 1/1671.0 $0.35 per ft

18/36 Dip Solder $2.25¢ea 5 pes. CABLE TIES
22/44 Dip Solder $250 ea 5 pes. e e
15/30  Wire Wrap {3 Turn) $2.00 ea 5 pes 3% and 6% $0.03 ea.

Lan o . - "opLe Q : WRITE FOR LARGER QUANTITY DISCOLNTS
156" Centact Ctus: 200" Rew Spacng. DEALTRS WELCOUT
22/44 Wire Wrap (3 Turns) $280ea 5 pcs. I —

36/72 Wire Wrap (3 Turns} $4.00 ea 5 pcs

1530 Dp Solder 190 o, o ‘ MINTHUM CRDER:  $10.00:  Add $1.00 {ox
18/36  Dip Soider $195¢a 5 pcs shdpping.  Cedexs cven $25.00, we pay
36/72  Dip Solder $4.00 ea 5 pcs the shipping. Calif. Resi{dents add 6%
43/86  Dip Solder 16800 $4 90 ea 5 ps. Tax. NCO C.0.D. SHIPMENTS.

(WL ARE VCOUR CONNECTCR SPECIALISTS. r
IF YOU DC NOT SEE THE CONNECTOR HERE THAT Onden Faom: i 1

VOU NEED, PLEASE WRITE US. TN YCOST CIRCUMSTANCES, BeCklan Enterprl:ses

WE CAN SUPPLY IT TC VOU. P.O. Box 3089 Simi, Calif. 93063
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FOR ALL CUSTOMERS EXCEPT CALIF. CALL TOLL FREE 800-421-5809

21L02 (450ns) 1702A 6502 2708 ﬁsons) 21L02 (250ns) Z—80 A 8212 4116 (200ns)
Static Rams E—PROM Microprocessor E—PRO Static Rams Microprocessor 8 Bit 1/O Portj 16 K Dyn. Ram
100 @ $1.10 ea. | 8 @ $3.75 ea.| 5 @ $11.00 ea. 8 @ $11.00 ea. | 100 @ $1.36 ea. | S @ $25.00 ea. ] 25 @ $3.00 ea.|] 16 @ $24.00 ea.
£-8U 8224-4 410D (200ns) 4096 4200A (200ns) 7415367 74 LS368 2513  (5v)
Microprocessor Clk.Gen,&Dvr. | Static Ram Dynamic Ram Static Rams Hex Buffer Hex Inverter Character Gen.
5 @ $20.00 ea. 25 @ $8.75ea.| 100 @ $8.75ea. 100 @ $3.50 ea) 25 @ $10.00 ea. | 100 @ .70¢ ea.| 100 @ ,70¢ ea.] 5 @ $9.00 ea.

MICROCOMPUTER COMPONENTS A

MICROPROCESSOR'S MISC. DTHER COMPONENTS E—PROM BOARDS

£3 1 N3T20 B At $99n0 JADE REAL TIME CLOCK FOR S-100 BUS

280 ! Z 353 : o saann K T 1 MHZ Crystal Oscillator

COP1802CD 19 e - N6 16h e 2008 s 01y —wth PROVISIONS for DA U

AT 3 NETo8 : i i e ONBOARD 2708 ang POWER ON JUMP On erTiptures 16 it counser

¢ i e : BTG oo s g ST $1 35 00 EA 12MHZ D S e aBlg" an decade stepn fom

H 25 i : wamt monse R4 ' : Bown folivare orogrammatte

N . 08rd can be select It

TR T $149.95 EA. w- A
. . I 1
W SR o soswmemey ncuan e
T 75. R Double sided 50(de! *
9900 TL il g BARE BOARD $35.00 S serecn parts lavout.
080A SUPPORT DEVICES i : JG AT ASSEMELED & TESTED  $179.95
12 3 Saosa 120 )G RT Wi $124,95
H 4 :&2&?0 . TU'L BARE BOARD ~oh 40 $30 00
: MMS 369 : JTA IDE
Hire TMSSs01 2. Convert TV set 1o o
1 : Dmatlo : Z80 “UPGRADE"” KIT
: | gEbl IR | e Mo TARB
H o S k KIT $8.95 Chite o JADE DMH: ZBD 1 3 AMHZ version RBELL
H HR MKs0240 200 it the s k) CASSETTE INTERFACE
HH 21 50250 150 onty 817 95 with trade © Plugs diectly inio your IMSAI or Al TAIR *
4279 20 $49 95 purchase * Fastest ranster rate 187 (standard! to 540 bytes second
© Exnemel, Reliobie  Phase encoded 1self clocking)
IF]L]E):PY DISC qugNsTROLLER STATIC RAM BOARDS ‘T“y‘”';;;a »Ut(;"m':' Aovuar MR ZBO ch i . 4‘;;": Status Lines 4 Extra Control | ines
1801 R o ‘ 17 page manualincluded
8K The UPGRADE KIT  rictiuhe, . lfnwcmw Selectable by DIP switch
A(\(E:BPJ?GRD C":;&Sﬁ 2500 ASSEMBLED & TESTED  $189.95 ;?:»):4 n , 18K restar : Lamb.:;,‘ Generating Kansas ( 1ty tapes also
AYS 3600 1378 450n; ASSEMBLED & TESTED $149 75 S . n.l drivee 20 Capent v No modiftcation required nn audio cassente recorder
g WH Gt
P]F:grﬁs . e KT :}gggg JADE KIT®  $9995  ASSEMBLED $175.00
104 Is. BARE BOARD 2500 S6 m oot wanarty tom JAUE MANUAL $4 00
108 33 6800 ADAPTER 10 S 100 System COMPU. TIME
4 '™ H X $1295 $100 BUS COMPATIBLE CT 100
. L
S W3 16K TIME & CALENDAR
03AG 5 250ns ASSEMBLED & TESTED  $435.00 Microprocessors need the powes that a reat ime cinck JADE PARALL EL/SE RIAL
s AQ 1. 450ny ASSEMBLED & TESTED $380 00 can ofter Date and tme becomes instantly avalabie
38 ¥ COMPU/TIME does not have 10 be inct al.zed eery 1 me INTERFACE KIT
34 14, 450ns QT $335 00 M
s23B 4. the system s powered up 11 passesses 3 crystal controf ed
sizse ' 32K time hase 10 0btain superior accuracy and has two seiahle S 100 $124.95 KIT
€800 SUPPORT 250m ASSEMBLED & TESTED  $850.00 tawcidence counters Tume. date, and counters are ot 2 Serial Interfaces with RS232

Top R 450n; ASSEMBLED & TESTED $775 00 ) interfaces or 1 Kansas City cassette

a&opn ?i 450n ar $675 00 COMPUTATIONAL FUNCTION nterface

;1 P 7 Microprocessors need to be comphmented By hardware g:;:&;g:ﬁ'ézﬁ? r‘:fe:'vs"" controlled
28F il arithmetics to lree up memory peges dedicated to float

g;f’, 'g- DYNAMIC RAM BOARDS 1ng point roubines and mathmatwcal software COMPY/ Cassette works up to 1200 baud

5P 17 On bosrd Refresh  peoeged with , TIME provides 3 40 tunction calcalatar acray 5o 1hat 1 paraliel port

§0P 1000 " > 'l'" r’"' " "_;" i oo e algebraic, tngnnametnic, basic arthmenic peot lems can

621 148 pates o cycle wtedhing requir be solved without the need ol developing saph st cated

7ie 28.0 ‘BVOC 400MA DC  +1BVD( 400MA DC and

158 8.7 1BVDC J0MA OC software Bue 0 Y Wy

sop s DATA COMMUNICATIONS ADAPTER
280 SUPPORT DEVICES EXPANDABLE 32K CONPOTISE (TI0 $199 k1T S245 Ao
3881 12.95 8K (375ns} [ $151 00 COMPULL L 1 $149 T 18 R Vit R
1882 12193 16K (37505 KIT $259.00 ot wn tor $16 - $189  avenmn W o o v
STATIC RAMS 24K {375ns] k1T $367.00 Lo ' S 206 Awemina ® Compistely compatible with your IMSAL ALTAIR®
21002 . 32K (378091 KIT $42% 00 COMBU TIME PC B il $80 or other S 100 m.crocomputers
21002 (350 2 Hs H; , Jrademarks of MITS, *“Procemar Technotagy
51003 B38) 198 1es e EXPANDABLE 64K Desgre
4100 10.75 10.00 9.2% 16K (37509 KIT $281 00 FCC repion i
é g{_‘l\ ?:32 22:3 xx (;;:,; x:‘: :?gg 88 JADE VIDEO ®an o:::. n::u:ﬂ::r:n :n:dd-vl\:utc-ull::::;“on

0z . 11s 1’00 K (375as) K board y ter
HHR X 330 323 64K (375051  KIT 995 00 INTERFACE KIT NG AGIUSTMENTS ARE REGUIRED o T
. : . X ® Batt 103 1tandara requencies
21143 X : .
PET B I S H R FEATURES $99.95 < Grpers sr ansoarmome ™
37 A \ .
e 30 235 2.00 . 100 Bus Compatibl o 010 or 300 BS wewd seiect
i 3 i MOTHER BOARD's — S-100 Style 2 or 64 Chareiers per line + Cravacre ongto shep o o party
TMS-4044 55 300 B35 13 dot - witront panel siot lines © G0 cay morsanty 203 1ull docurmentston
4200 A 12! raphics (128 x 48 matrix)
TMS-4045  11.00 10.00 9.25 BARE BOARD $35.00 aralle} ompositive video PRI . .
?:2:9 3. 3";: ;:: KIT $95.00 On board low-power memory CES  HAKE ROAHD o My Ly $49 95
7499 225 2.0 190 22 o Powerful softwage ingcluded for Aot i e 827995
145203 450 400 1% aot $149.95 vsor, home, EOL. Scrol Graphics/ sopear s §159.95
miol (470 340 20 ASSEMBLED & TESTED haracter et -
PR156 21.00 18.00 grpﬁr case lower case & GvTek
8599 188 175 1.0 ack-on-white & white on-biack NUMBER CRUNCHER
91028PC 165 145 130
CHARACTER GENEAATORS THE PROM SETTER - e L1200 1+ s e 1 s s
ha _ WRITE & READ full ASC Lo wre 1 1R air s ot fextnre Tt v€raane
2813 Sv upper EPROM mathemalic s 4 litions
TH R .
gl 5 g PROFESSIONAL KEVBOARDS | [iyfi /" chitvenron cor et ane o
MCME 371 10,
5204 6834 fu 120 hera v The CT200 ta © e archaectare that s desigeed o
M X
MS&ZHA ll SR Lgideete 0 . ALTAH MSA 1 g 5 a Y»‘\S*" e 3 sstem .»; mcv;o‘u’“”“ TH
MCM6§75 13 s M M Bt pd E e PHOR W e w s ow e Wk
ocvel U 10N BIIS m Craginos o 5y ste R
WAVEFORM GENERATOR b Sner 1 ( MODEL o L1t o BB ANIE a1 o
HEHYR 332 L - o A 756 BOBD GROO 6507 muranmnessor A mue incodderd
- L Pamnng sy ned by eientatie Borts s o et allows programmg 1 o el it ke
DYNAMIC RAMS R AN it w20 kevs g Loge T s et e i et o8 et
AR ICING INFORMATION a0 B Mot s A Ascoting o ST00 Dus
4160/4116 32, © Uise Sucket Ret £ PHOR " Mode' 756 susembiegd  $75 9% SGRAC I serr ot vt FL 0 (perfarmed w th
“g} 1. Mode’ 756K 1kt 64 95 Srobed gt Bes Th e Mo ate 1 sttty 0 ghtihes
¥4I : Mode 702 Erciasure %94
210/8-4 3. " e ' v ' Mode 710 Numarc Pag 9 9%
Tmsdos0 4 © Douties s 6 £ahr B Barane 150 Mode: 756MF Mig Frame 893 PRICE  $249.00
TMoss, 3% | Mt ded Includes  Manual. ASSEMBLED & TESTED.
409% Iy KIT ... $21000
MCME60S 5.
USRY 08 - 25p  $3.00 Computer Products
52350 10.75 IV -1 DB - 255 $4.00 pu Y
UART'S - COVER $150 5351 West 14dth Suee
AVS10I3A 3. ASSEMBLED & TESTED $245.00 ‘ CAWNDALE. CALIFGRMIA 90;

) - A ; )
TRicozs © & 44 Pin - PC & EVE $1.95 iy GALIFORNIA 90260
Tassol1 3 44 Pin - WW $2.50 : T
Hve-HH 10 MEMORY PLUS 86 Pin - (6800) PC $5 00 RETAIL STORE HOURS  Aanday  Frday G /7

for KIM-1 86 Pin - (COSMAC ELF)  $5.00 Sutorinmy N %
8K RAM (21L02) PC Discounts avalabie at DEM quanties ADD $1 50
JADE 8080A KIT 8K EPROM 100 Pim - WAl PO ey under 10 1y tor shipping Catifacnns cedents. add
$100.00 xi1 ASSEMBLED & TESTED 100 Pin - Limia) PC $302 6 sates tax
. in - $al. .
sart BoARD $30.00 $245.00 NEW CATALOG NOW AVAILABLE
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DIODES/ZENERS SOCKETS/BRIDGES TRANSISTORS, LEDS, etc.
1NO14 100v 10mA .05 8-pin  pcb 20 ww 35 %mgsgg ﬁ:\:’; (2N2222 Plastic .10} A g
1N4nQ5 600v 1A .08 14-pin pch .20 ww .40 2N P Plastic - K A
1N4007 1000y 1A .15 16pin  pcb .20 ww 40 | 5N3904 PN (Piashe. Unmarked 19
1N4148 75v 10mA .05 18-pin pch .25 ww .75 2N3054 NPN .35
1N4733 51v. 1 W Zener .25 "22-pin pcb .35 ww .95 N30S5  NPN 154 60v 50
1N753A 6.2v. 500 mW Zener .25 24-pin pcb 35 ww .95 arlington .
IN7SBA  10v n 25 28pin pob 45 ww 125 | Gi7a7 " 7seg58" Higheomanode 195
TN759A 12v ” .25 40-pin pch .50 ww 1.25 MAm7210 ; seg com—anoge Eged) l ‘1' %g
” . MAN36 seg com-anode (Orange .
mggng :2: . gg Molex pins .01 To-3 Sockets .25 mﬁngi: ; seg °°""""$,f“’d"ﬂ‘;{"§“)“’ :gg
H - seg com-cathode -] .
1N52458 15v " 25 2 Amp Bridge 100-prv 95 FND353 7 seg com-cathode {Red} 1,25
25 Amp Bridge  200-prv 1.95
C MOS -~ T T L -
4000 .15 7400 10 7473 .25 74176 .85 74H72 .35 745133 .40
4001 .15 7401 .16 7474 .30 74180 .55 74H101 .75 745140 .55
3002 .20 7402 .16 7475 .35 74181 2.25 74H103 b5 745161 .30
4004 3.95 7403 .15 7476 .40 74182 .75 74H106 .95 745153 35
4006 .95 7404 .10 7480 .55 74190 1.25 745157 .75
4007 .20 7405 .25 7481 .75 74191 .95 74L00 .25 745158 .30
4008 .75 7406 .25 7483 .75 74192 .75 74L02 .20 745194 1.05
4009 .35 7407 55 7485 .55 74193 .85 74103 .25 745257 (8123) 1.05
4010 .35 7408 .16 7486 .25 74194 .95 74L04 .30
4011 .20 7409 .15 7489 1.05 74195 .95 74L10 .20 741500 .20
4012 .20 7410 .15 7490 .45 74196 .95 74120 .35 74LS01 .20
4013 .40 7411 .25 7491 .70 74197 .95 74130 45 74LS02 .20
4014 .75 7412 .25 7492 .45 74198 1.45 74147 1.95 741504 .20
4015 .75 7413 .25 7493 .35 74221 1.00 74L.51 45 74L.505 .25
4016 .35 7414 75 7494 .75 74367 .75 74L55 .65 74LS08 .25
4017 .75 7416 .25 7495 .60 74172 45 741509 .25
4018 .75 7417 .40 7496 .80 75108A .35 74173 40 741810 .25
4019 .35 7420 .15 74100 1.15 75491 .50 74L74 45 74LS11 .25
4020 .85 7426 .25 74107 .25 75492 .60 74L75 .65 741.520 .20
4021 .75 7427 .25 74121 .35 74L93 .55 741521 .25
4022 .75 7430 .15 74122 .55 74L123 .85 741822 .25
4023 .20 7432 .20 74123 .35 74H00 .15 741832 .25
4024 .75 7437 .20 74125 .45 74HO01 .20 74500 .35 741537 .25
4025 .20 7438 .20 74126 .35 74H04 .20 74502 .35 74LS38 .35
4026 1.95 7440 .20 74132 .75 74H05 .20 74503 .25 74LS40 .30
4027 .35 7441 1.15 74141 .90 74H08 .35 74504 .25 741842 65
4028 .76 7442 45 74150 .85 74H10 .35 74505 .35 741.551 .35
4030 .35 7443 .45 74151 .65 74H11 25 74508 .35 74L.S74 .35
4033 1.50 7444 .45 74153 .75 74H15 .45 74510 .35 741586 .35
4034 2.45 7445 .65 74154 .95 74H20 .25 74511 .35 741590 .55
4035 .75 7446 .70 74156 .70 74H21 .25 74520 .25 741593 .55
4040 .75 7447 .70 74157 .65 74H22 .40 74540 .20 74LS107 40
4041 .69 7448 .60 74161 .55 74H30 .20 74550 .20 7415123 1.00
4042 .65 7450 .25 74163 .85 74H40 .25 74551 .25 7415151 .75
4043 .50 7451 .25 74164 .60 74H50 25 74564 15 741.5163 .75
4044 .65 7453 .20 74165 1.10 74H51 .25 74574 .35 7415157 .75
4046 1.25 7454 .25 74166 1.25 74H52 .15 745112 .60 7415164 1.00
4049 .45 7460 40 74175 .80 74H53J .25 745114 .65 74L5193 .95
4050 .45 7470 .45 74H55 .20 7418367 .75
4066 .65 7472 .40 . 7415368 .65
4069/74C04 .25
4071 .26 MCT2 .95 LINEARS, REGULATORS, etc.
4081 .30 8038 3.95 LM320TS 1.65 LM340K15 1.25 LM723 .40
4082 .30 LM201 .75 LM320T12 1.65 LM340K18 1.25 LM725N 2.50
MC 14409 14.50 LM301 .45 LM320T15 1.65 LM340K24 1.25 LLM739 1.50
MC 14419 4.85 LM308 (mini) .95 LM324N 1.26 78L05 .75 LM741(8-14).25
4511 .95 LM309H .65 LM339 .75 78L12 .75 LM747 1.10
74Ci51 1.90 LM309K (340K-5)85 7805 (34075) .95 78L15 .75 LM1307 1.25
LM310 .85 LM340T12 .95 78M05 .75 LM1458 .65
9000 SERIES LM311D (Mminly .75 LLM340T15 .95 LM373 2.95 LM3900 .50
9301 .85 95H03 1.10 LM318 (viny 1.75 LM340T18 .95 LM380(s-14 P1N) .95 LM75451 .65
9309 35 9601 20 LM320K 5{79051.65 " LM340T24 .95 LM709 (8,14 PINY.25 NES55 .35
9322 65 9602 .45 LM320K12  1.65 LM340K12  1.25 LM711 45 NES556 .85
MICRO’S, RAMS, CPU'S, NESSS o
E-PROMS )
INTEGRATED CIRCUITS UNLIMITED NEse? 95
745188 3.00 8214 8.95
1702A 4.50 8224 3.25
MM5314  3.00 8228  6.00 7889 Clairemont Mesa Boulevard, San Diego, California 92111 SPECIAL
MM5316 3.50 8251 8.50 . i
21021 145 | 8255 10.50 (714) 278-4394 (Calif. Res.) DISCOUNTS
2102L-1 1.7% 8713 1.50 All orders shipped prepaid No minimum Total Order  Deduct
2114 9.50 8T23 1.50 (6] invi
TR16028 395 s120 200 pen accounts invited COD orders accepted $35 - $99 10%
TMS4044- 985 | 8T97  1.00 Discounts avaifable at OEM Quantities  California Residents add 6% Sales Tax $100 - $300 15%
210784 4.95 Al IC's Prime/Guaranteed. Al orders shipped same day received. $301-$1000  20%
gg?g ggg %78%8”0 ggg 24 Hour Toll Free Phone 1-800- 854-2211 American Express / BankAmericard / Visa / MasterCharge
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BUGBOOK® WAl WIRE-WRAP KIT — WK-2-W
7400 TTL 7 [oanwun cocon seg SuImTmEmaT| MM . STP . e g
Jchon wh merprocessor systers You H ieam sout the basx conaasts ot | o Tool Tor 30 AWG Wire
SNTA00N @nptal shectromcs Incudmg gates. thp flops laiches buses Orco0Rrs muth
SNTADIN SKT4T2N 2 SNT4 160N L plexers. demutipraners LED diptays RAM s ROM s and moch muchore | @ Roll of 50 Ft Whate or Blue 30 AWG Wue
SN7302W w SNTAZIN 35 SNTAIBIN 89 Py &4 lengths —
SN7403N 18 SNIATN 3% SN74162N 195 SUGROOK Ha s © S0pcs each1. 2 3 9
SNT4G4N "0 SH7475N" ag SNTA163N ] by Poier A Rowy, Dovid § Livoos, WOAHTS pre-stnpped wire
SNT40SN 0 SNT4TEN 3 SN74164N L T wolume wil IMfodGe vOu 10 The Tabulous UART ches  that a¥ wpontan $1 2 95
SNTAOGN 2 SNT4TIN 500 SN74165N 89 intertace etwean dala WA B 400 yOur MK 1 o covers .
SNT40TR el SN7480N 5 SN74166N ! ;: z:ﬂ, :’%’5 .:2’,',.".,?5 P erac samiard /
7408N 0 SN74BZM ® SN7AIETN ) a5 R
> A ot Y FIGHOT o - WIRE WRAP TOOL WSU-30
SN7409N 2 SN7AB3N THE 555 TIMER APPUICATIONS 36.95
SKTION 18 SNagsSN T8 SNZA1N 5% JOURCEB00K WITH EXPERIMENTS by Poter N Rooy, David G Lonon WRANY, Jstion & Ty o WRAP & STRIP o UNWRAP-$6.95
SNT41IN ” SN740EN 1 SNT417IN 1 Howard M Mere -3 hy book thal puts ¥ all 1ogethe  Besides havwng Much valusbia text
SKI4TIN 2 SN7489N 175 SNTAL7AN » .V'mmum muwmsssl«muwnv-m e Theided u.;w here mauﬂ;\iu:’m;;ua‘-':!‘; :;e;:.m um,ml W|RE WRAP W|RE — 30 ch
190 vANOUS GELGN WLANKIURS SQUANIBAS AND QraDNY I TIBMS el 0 pn OO
SNz“JN “U S.“"” ® 2:77:;122 g WTaes gemecatars Sower suopies medsuredent 4nd Lonlis areuts Daty wnawe vasly medaced system 1t s recommended that you e e s | 250t un §1 25 S0h $1.95 100f $295 1000t $15 00
SNIAT4N 12 3":;4:;: 22 NN e mes circunls for Ihe homa and dulomobiie photagraphy muse 38 grourdd on te BUGBOOKS | & 1) betore procewding wit BUGBOOK [ SPECIFY COLOR White - Yellow Red . Green - Blue - Black
SN/416N 4 A Rato Vg 1] 1 — - - - -
SH7aITN » SNMIN 43 SNTAU7ON 1% R TSTRUCTOR'S MANUAL 33.00 Larso, Pute N oy, asthon & Thoa
swarN SNISIN 65 STa 79 { et o Sagmen L . s s v :','_‘;“M; e — o WIRE DISPENSER — WD-30
7 b SN7435N 65 7 axpRrinents SugUESHOnS K lurther (esdn ohosOpNY of dthors aporiachto X [
Nom ® Swreen 68 SNTATEN 73§ St smcromes A s o e et s B e O s et wn owrcws | o 50 1 roll 30 AWG KYNAR wire wrap wre $3.95 ea.
NI 25 SNT497N 100 SNZ4IBN 195 AWP MANUAL by Howard W Barlin W3H $9.00  Buguook Vi misgisies the drutal conoeats of Bughoos v mio & aement of | @ Cuts wire to desired length
SNIa25N g SN74100N 'z g:;::ﬂ ;g 4 o g 0 ashcaon o aperatons amptars O 75w oo mwwu'rmvxnxo w1 warzong Detsi & wromon | o Ginng 17 of insulation  Speciy — Blue-Yeliow-White-Red
ANTA26N SNTHIOIN 3 Mmlmv Amps DvrTanty wictuded
SNTAZIN » SN7AION % SNTA1BBN 395 —B® Ac:gmo—'::‘unmu m:s« . 105 REPLACEMENT DISPENSER SPOOLS FOR WD 30
SNI4P9N » SN7ATIGN 195 SN74190N 125 e g b and stonng ow oxpa version . ]
SN /430N 2 SNMIZIN 35 Satgn 125 e e Brogm fot gy debugu Siats o oo uctm o1 CHOS senc g grmen 7 U Specify blue. yellow, white or red $1.98/sp00
o 741
i::ﬁ?: .:: 3:12!5;".5 .’: 2:,..3:: 79 [JCOMPLETE MANUAL FOR DIGITAL CLOCKS by Jonn Weiss 306 John Brooks XR2206KA $14.95 XR2206XB $19.85
SN7438N 25 SN74125N 49 SN743194N 89 [fFamitnzes technician o hobbyrst with basic theuries behind digitat clochs tncludes troubie shoohing guides basic Function Generalm L4 Function Generator Kit
SNT4IN 25 SNT4126N 9 SNT4195N 69 [charactensics ol clocks. soldenng technigues. clock compenent data sheets and construction hps .95 &cludes chip, PC mcludes all components,
SN7440N 2 SK741320e 75 SN74 196N 89 190 dia ard and instructionsy Board and instruclions)l
SNIN ~ SNT4136N 7% SNTOIGIN B9 125 o ﬁ e wen ™ achonshy
SNTAM ] SNAN R sn2a198h 149 fl xc209 ke 581 €1 Geeer i5 | XR-L5S85 $1.50 XR224ZCP $1.50
SNT44IN s SNIA1N 285 SN74199N 149 N xCo09 Green a8 i Yelow I3l Micro-Power version of the Precision fiming circunt tor
SNTA44N 5 SN7414IN 295 SN742008 559 W x(209 Urange LR DlscRETE LEDS XCY1H Uranae a8 popular 555 Timer and directly generating liming pulses in mi-
. o Ebinv i mems veow s a R 051 w0 et g | mterchangeadle  Dissioates | nutes. hoursand cays or un to
! ; W0t " ola
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weh T mmo% o dm 2 DISPLAY LEDS o B
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S-100

features

AVAILABLE EITHER IN COMPLETE KITS

32K STATIC MEMORY BOARD

1. FULLY STATIC - usable with all DMA devices.

2. BUFFERED - with noise suppressed control inputs.
3. MODULAR - populated in 1k increments.

4. RELIABLE - single source + 5V regulator

5. PROM COMPATIBLE - monitors available on request.

DEC® LSI-11 16K MEMORY BOARD

© BUFFERED AND
STATIC NOISE SUPPRESSED

© MODULAR ® PROM COMPATIBLE

© ADDRESSABLE TO 128K WORDS

© MAPPABLE IN 4K INCREMENTS

©Q-BUS—FULLY

ASSEMBLED.
TESTED &
BURNED 1N

COMPLETE

$1199% " $110900

LARGEST & FASTEST STATIC MEMORY AVAILABLE

S-100 EXPANDABLE MOTHER BOARD

©8.SLOT EXPANDABLE BACKPLANE—in
line male and female connectors enable
backplanes to be plugged together, or the
female may be used in place of an extender
board.

QUIET—ground plane decouples all signal

lines.
RELIABLE—SAE 8100 phenolic body, gold
contact connectors.

COMPLETE ASSEMBLED
w9660 $8900

OR ALREADY ASSEMBLED UNITS

HAVE BEEN FULLY TESTED AND BURNED IN.

WHICH

A

% 3-1/2 DIGIT LC.D.'s

FOR UNDER 8 HOUR PROCESSING SEND MONEY ORDER. CERTIFIED OR CASHIERS CHECK
SGRRY' WE CANNQT ACCEPT PURCHASE ORDERS., COD'S. PHONE ORDERS QR CREDIT CARDS

W. COVINA, CA 91790

BARE BOARD $38°° UNIVERSAL ““U DESIGN” WIRE WRAP BOARDS $-100 EXTENDER BOARD
ALL[SBO:RDISEDM:[ROG (1;0 G(!).LSSS &EP(%VD L‘AXI[[DVC[CDGAEN(?ONGROUND with  connector
PLANES PLATED THROUGH HOLES. D PL NECTORS
o ASSEMBLED A MUST for trouble- . $1795
8K $270% $2960 shooting your Computer boards
16K $44000 $4650 No. 1 BEST ON THE MARKET No. 2
MICRO CPU CARD WITH 5 100 BUS. 3 | UNIVERSAL BOARD RS 86 PIN
24K $58000 $6120%0 ON BOARD REGULATORS FITS All'SJTAN SOCKET WITH 010" CONTACT BUILD YOUR OWN
00 00 OARD 1C SOCKE! CONFIGURATIONS | SPACING  MADE BY LEADING COM
32K ssgs 3740 17060 + HOLES PUTER MANUFACTURER AS IN NOUSE Lm'° moBE
PRICES QUOTED ARE FOR 300ns MEMORIES ] v -
% KITS AND ASSENBLED UNITS INCLUDE DOCUMENTATION sue s o $2395 ?."fz"‘i z]:qu V:_qus $795 i:mn;d BLZzDSMMA:ls:fj':d%ng:':tmmo:fly $495 “
MAXI SWITCH KEYBOARDS OUR NEW POWER SUPPLY PARTS
UNENCODED-MOUNTED ON G-10 GLASS EPOXY BOARDS-A BLACK
METAL FRAME KEEPS KEY SWITCHES SECURELY IN PLACE. ASCIl KEYBOARD DIODES
HAS ON BOARD UV PROM, A MAIN o3 v o
';g.k’ey main keyboard qg'kiy keyboard KEYBOARD SECTION OF 58 KEYS, A g0’ O%ov o 20 goe
: - IN250 60V 2t 20A 95
-10 auxiliary & cursor control keys | -1 auxiliary power/control HEX PAD OF 15 KEYS AND 16 MORE IN3905 50v :n 308 51 25:
-11 key numeric pad DPDT rocker arm switch PERIPHERAL KEYS. 89 KEYS TOTAL & BRIDGES
-Bantk Iol 5 :uxiliary pq‘ver:eand $299 ASCll1 ENCODED for only $999%5 FAST RECOVERY AVALANCHE BRIDGE
control, rocker arm switches- IN8A36 1 200V 2t 104 3425
one of them lights up. BEIGE METAL FRAME MOUNT FOR FULL WAVE MIN! BRIDGE™ WITH TAB TERMINALS
a
33995 NO. 2 KEYBOARD 3995 EDGE VIEW METER PR 12; —_— 100V at 124 3375
CHARGE DISCHARGE SCALE READS 20.0 -40
WIRE WRAP SOCKET CONNECTOR SOCKET CONNECTOR FOR MOVEGMEENTSHO‘ 120mA INATI3A SV lw 39c
FOR NO. 1 KEYBOARD  $2% NO. 2 KEYBOARD $29 | 0135 oHms $248 INg 7390 I tw 39
& INAT48A 1SV lw 35¢
VOLTAGE REGULATORS
TTL COMPATIBLE 4K STATIC RAMS MINIATURE ’ PLASIIL MEIAL
BUILD YOUR OWN REED RELAY 16 BUTTON PADS ot v som - mer T amabe
PAPER TAPE 400 OHMS 2114 650ns 600mw 36 75 0T 6 6V at | AMP 10 220 298¢
READER Lo sen | W e m | TSI | s s
JRUns CHImw MIE 4055 104 PLASHIC 89c
110 CENTER STACKABLE 2N3055 104 103 95¢
PHOTO ' c. SOCKETS for that protessionai touch CARBIDE DRILL BITS IN5301 304 103 §$195
. for P.C. BOARD WORK PROTECT YOURSELF INSTALL AN £LECTROMIC
T”"slsmas Low PROF.LESOLDERTAIL ASSORTMENT OF SIZES FROM NG S5 10 NO 70 éﬂOWGARICIRchUIXT IN YOUR POWER SUPPLY
10/$960 SMIVST® 10MIVSI2S  100Mvsege | O (7200 400Vt foh - E1TS
GOLD
Goto WIRE WRAP INLAID TiN OPTO DEVICES INFRA RED SOLAR CELLS
SOCKET STRIPS 8 PIN 10/$1.59 10/$1.35 PHOTO ExTREMELY DETECTOR 2
MAXE UNERSAL 7 pin STRIP 14 PIN 10/$1.89 10/$1 49 TRANSISTORS  ULTRA SENSITIVE ULIRA LOW LEVEL 5'9 em o 130me
END AND SIDE 16 PIN 10/$199 10/$1.59 SIMILAR 10 FPT 100 HIGH LIGHT ACTVATED | PV 7V $495 $159 ea. 10/$9%
STACKABLE WIRE SPEED SCR 1an Ima
WRAP BOARDS 107 ViEw 22 PIN 5/3169 5/$149 4/98¢ PHOTO gperable by
12 PIN SIot view 24 PIN 5/31 89 5/$1.59 DETECTOR fasthant a1 HEWLE | D ACRARD HIGH INTENSITY
3 1w 48¢ 2 PIN 5/3199 513169 FHOTO et yod ik TN Y neo
14 PIN ‘ ' DARLINGTONS ak “e2% LED LAMP
7 weveL 48¢ : 40 PIN 4/3199 4/31.69 MOTOROLA Rlsﬁsg',“; $ N BORRD EXTREME WIDE ANGLE ¥ WING
k 3 tever 56¢ d i ! 4/98¢ oero 6/g100 | 3/98c 10/§2%
oo EDGE CARD CONNECTORS Mot | meecoo | OP AMFS | DIODES | TRANSISTORS | ), w0 LEDS
No. 1 No. 2 No. 3 et WIRE WRAP [ ;04 10c | N9l 15¢ | 282222 12¢ | COMVERTER CRYSTAL YELLOW,
SACIB5/2-2 | SAC228/22 | 2¥M31/ICBB oo SOCKET PIN | 741 12¢ | 270 2e SIGNETICS FILTER GREEN, OR
SINGLE ROW 18 | SINGLE ROw 22 | 11 SOLDER Lus L gt 10 310 ™ IN914 15¢ 2N3904  12¢ NESO08 455 KH? msén
T0R R R W car
i ocﬁ,'l"“c& w0 et o | Sze - Contacy AN 100/§900 MC1458  39¢ [ jn3gpo  15¢ | 2N3906  12¢ WTH G (SPECIFY COLOR)
AT SPACING TACT SPACING SPACING 3 $4 60 1000/3$79% [ quao IN4148  10c | 2N3053  49c $995 $295
99¢ 99¢ 99¢ 00§77 00 UST PRICE 29¢ | | M3900  49c¢ 3/880
HIGH VOLTAGE DIODES
EPOXY 1500V at | AMP  10/8199 NO BACK ORDERS FREE DELWERY BY UPS O JS ORDERS ONLY:
£6250 2500V at 350mA 95¢ YOUR PARTS OR IMMEDIATE REFUND OR BY SURFACE MAIL If SPECIFIED — CALIF. RES ADD 6% SALES TAX F Reichert sales
's{;g?a[ulmwns ?Oi:v;'];;:: :; g; MONEY BACK GUARANTEE wos wo teo omvices oxcuoen $20 MINIMUM 1110 E. GARVEY AVE.

! PLAY
LIQUID  CRYSTAL  DISPLA FOREIGN ORDERS DROP INTO ONE OF OUR LOCATIONS
No 1 No 2 CANADA  PUERID RICO US LS ANGELES PORTLAND DENVER
04 CHARACTER :.“,' r‘w ’Av'zmp (MQ g?g?;SSAbODNSUASDDSl; 80“ 50 AL 2131967 4611 504) 646 4044 304 5735718
WITH CONNECTOR DD N R Mia IMMEDIATE SHIFPING ON CHASE LMN ELECTRONICS WIZARD OF PARTS ELECTRONIC LOLLIPOP
$695 gg | MANMATIAN FIRST CUIZENS 1047 & GARVEY AV W COVINA CA 8275 Sw CIRRUS DR BEAVERION ORE 5643 N BROADWAY DENVER CO
$3 CASHIFRS CHECKS & CANADIAN VINCENT & SAN BERDY FWY) KOt BUS LNITR WASHINGTON SQUARE . 125 & SEth AVE )
POSTAL MONEY ORDERS TUE 0 SAL 10X TLUSED SUN & WON

ALL ITEMS SUBJECT TO PRIOR SALE
Circle 207 on inquiry card.
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Close-out Purchase by M/n/M/croMart

Save up to 50%
on the famous TDL SMB
System Monitor Board

TWO SERIAL PORTS, PARALLEL PORT,

AND CASSETTE INTERFACE ON ONE BOARD.,

MONITOR ROM,

2K OF RAM,
FEATURE ARTICLE IN APRIL BYTE.

— AVAILABLE BARE BOARD, PARTIAL KIT, COMPLETE KIT, OR ASSEMBLED AND TESTED —

FEATURES

Does power-on jump to monitor

Two fully programmable serial ports {110 to 9600 baud
RS232 or 20-mil loop)

Programmable 8-bit /0 port
Provision for 1200-baud audio cassette interface
Provision for 1K or 2K on-board static RAM

Provision for 2K ROM (TDL Zapple Monitor or, with
minor changes, one 2708 or 2716 EPROM}

SMB Bare Board w/const. manual . 05-1002-0 $ 49.95

SMB Board, all IC sockets, addressing and buffering
components, power-on jump circuits and
support circuitry for ROM/RAMs 05-2002-1

SMB Board, same as above but incl. all components

99.50

for one parallel/one serial interface05-2002-2  119.50
SMB Complete Kit, incl. parallel port, two serial

ports, audio cassette interface . . 05-3002-0 147.50
SMB Assembled and Tested . . . .. 05-4002-0 197.50
Zapple Monitor ROM for above .. .. 0590020 29.95
1K RAM (two EMM 4148's) for above 05-6002-0  29.95

Add $2.00 for shipping and insurance.

RAMS/EPROMS

Prime 2708 EPROMs
full spec, 450ns

$9.95 each

EMM4200 4K Static RAMs
$10.95 each

CLOSE-OUT
SPECIALS

S-100 16K Static RAM Boards
for EMM 4200’s (bare boards)

$24.95

S-100 1702 EPROM board
(holds 8 PROMSs) complete kit

ASCII
Keyboards

Used surplus
Excellent condition
Control functions
Upper/lower case

. Ready to use
T.1. 4K Static RAMs $49.95 849 95
4K x 1 TMS 4044's )
{as used in Heath boards) S-1 00 4K StatiC RAM Board
$8.98 each Kit (less 2102's) Te|etypes (used)
1K x 4 TMS 4045's $19.95 — IMMEDIATE DELIVERY —
$989 each CONTACT US FOR KSR-33'S ...... from $49500
4K x 1 TMS 4027-25's (16-pin) ADD-ON MEMORY ASR-33's . from $695.00
$3.95 each FOR TRS-80 LOTS OF OTHERS

IBM 735 1/0

S-100 Prototype Boards

General-Purpose

. $1 8.95 re{ad boards for above (can also be used
SeleCt”CS {used) Wire-Wrap Version with SWTP CT-1024); also, 25 x 40
video boards, UART boards, and

from $39500 $1 9.95 Baudot-ta-ASCIl conversion boards.

Write for close-out and surplus catalog
for fantastic prices on TV Typewriter }il
boards and kits, cursor boards, screen-

Circle 251 on inquiry card.

MiniMicroMart, Inc.

1618 James Street, Syracuse NY 13203
Phone (315) 422-4467
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OMDUTER PERIPDHEDRAIL &
PALTS WORKSHOD

POLY PAKS INTRODUCES THE FIRST MAGAZINE RETAIL STORE
FOR THE ELECTRONIC MAIL-ORDER HOBBYIST!

MAIL
ORDER

3 ""I“!

S e fe e e Sk e e e e s ek Aol ook drd dedrdedodr o

{ “RED” LED READOUTS!

: aslowss 20¢ each »
* Cat. No. Siz b4
: 1 781890 4277

o 781503 19
¥ o 781273 27 00

o IR 33 2
: o 783161 33 MAN-T4 equal** $1.19 :
& 0 783512 .35 ND35! 1.00

o 782949 S ND $1.50 »
: 0 7%2950 S ND50 $1.50 *
: o 783483 S 727-Dual** $250

U 782485 k-] 727-Dual® $2.50
: o 7%2256 5 $1.95 »
& "Common Anode **Common Cathode »

w*

e e A e e e s A A A el el A A

DISCRETE LED 'S

Order in muitiples D 1'1135
of 6 of each typat D 131:44 Jumbo Yellow XCS56Y
782138 Jumbo Green XC5568
T1JUMBO 34" b a nzns “M.‘hm zod xczuz; |
" im Green
(IMEDIUM 24" | 82188 e 209
CIMICRO  .21" o 751948 Micro Yellow xczosv 1
(10-18) 0 782140 Micro Gresn  XC290G

Address microprocessors,
control (‘um‘:ult‘r operated
uipment 2 key rollover. Has
2(; keys. 16 encuded. 4external tu
be assigned by user. Qutput { bit
binary Also, an EXCLUSIVE
FEATURE.. 4 leds dispiay the
binary  output. 08
com patible. n»qmres +5.
W komuﬂe kit! thmz
ehe to buy! With instructions.

Wi, 2 ths,

L.CA

Cat. No.

HEXADECIMAL MICROPROCESSOR
AND CONTROL
KEYBOARD KIT!

& 4 bit binary/hexadecimal output plus strobe!
® Now! Improved design! Saves you time!
@ Keyboard pre-assembled onto PC board!

785009 Hexadecimal Kit $34.95
Cat. No. 785010 Hexadochmal Wired$39.95

KEYBOARD &
ENCODER KIT

Cat. No. 785001  Kit $69.95
Cat. No. 785002 Wired $75.00

Key

sh;n contral. Additional functions can be
VI, 200 ma Negative or poaitive logic,

l‘ xk usive test feature. 7 LEDS dis .Im

Complete kit, nothing else to lnn Rize 15

rv]’\ll

Outputs standard 7 bit ASCIE snterfaces with most datasystems o Uses MOS Encoder ROM!
Lmnl pre-assembled onto PChoard, 2 key rollover £
“hift lock and carriuge return 4 modes: Normal. control shifl o 64 key keyboard!
ssagned by user .'.I
h

» ® Encodes 128 ASCII

1l
E (lM

ronic @ 7 LED Test Feature!

Interfaces with ALTAIR,
IMSAS, and more!

Characters,

—POLY PAKS SPECIAL

BUY 515
WORT
H DIS OUNT

BUY 3100 25%

WORTH Take
T T —
FROM THIS A

MICROPROCESSORS!

.
MEMORIES! SUPPORT!
Order by Cat. No. 763459 and type
T &‘ Description Sale
o MC6800L 8 bit CPU $19.9

' §O80A 8 bit CPU, 2 usec 11.9!
0 Z80A 8 bt CPU 24.95
i 8008 Ci 995
" 1101 256 x 1 stat. RAM 69
11103 1K Dyn RAM 129
1702A 256 x 8 EPROM 5.95
210211 1K x 1 Lo-power RAM 1.69
2111 256 x 4 Stat. RAM 5.95
270 -1 EPROM 10.9%
[ MK4116 16K Dyn 098
11 MK4200P11 ‘K x1 Dyn RAM. 350nsec 3.95
1 MM5202 K PR 6.95
o MMS203 ZK EPROM 8.95
1 MMS260 1K Dyn RAM 99
o MM5262 2K x 1 Dyn RAM .99
0 821, 8 bit I/0 port 95
o 821 Bi-direct bus driver 3.95
<l 8224 Clock Gen 495
0 822 System cont. 9.95
0 825 Commaunication Int 11
n 825! Periph inter 11.95

0000000000006 0000080090000000

> ’ 7 SN7472 26 &
- 21 ¢
oy TTL'S N7473 31 0
o Type N7474 i e
* 7 SN7. N7475 A48 o
o D SN7401 N7476 39 e
* 0 SN7402 N7483 69 *
® 1 SN7403 N7485 88 ¢
® [ 5NT404 N7486 29 ¢
® . SN7405 N7490 69 $
S : SN7406 N7492 A5 o
o SN7407 N7493 A4S o
o - SN7408 N74107 29 o
o SN7410 N74121 31 ¢
& " SN7411 N74123 49 o
* -~ SN7413 N74125 ET R
@ SN7414 N74132 331
® ) SN7417 N74145 29 &
® 1 5N742 N74151 63 ¢
:n, NT7427 N74153 63 :
$ 0 SN7430 N74154 93 ¢
o . SN7432 N74157 64 g
o © SN7437 N74161 87 o
o 1 SN7440 741 95 o
o [ SN7441 N74174 53 @
o N741 88 o
5 N74181 195 @
- 741 115 ®
- N74191 99 ¢
b4 N74192 83 3
. N74193 a3 3
4 N74195 .18 b
'e N74251 1.39
. ooooooo0000000000000000000
:*.ﬁ,***,, LINEARS folakaiatadeioted 4
* Type ale | 0 LM3 119 ¥
foiMsotmy 525 |0 LmasiN ek
~ LM3OTH, V,N 25 1, L M558V 443
: i LM308M, 79 |t LMS5S! 69
¥« tm3o9K 119 [ LMs6S| el
% otmanin v .79 | 0 LMSeTV 1.40
3 CLM320T-5V 1119 [ Lm703H 303
* 2 LM340T-3V 1119 |, LM709H, N .22
X U LM340T-12v 119 | (MT71ON 29
% © LM340T-1SV 119 | ; LM723N 42
I LM ¥y DIZ|oLM74in VN 29K
U LM340K-12V 1139 | 1) LM747H, N 59
£ O LM34OKISV 119 | (M1458Y 69k
0 LM322N 119 1 N 149k
* 0 LM324N 9o N ask
¥ o LM339M 109y v rief
I o UmaTTn 150 LM7549( 68
X LM37SN 495> 2 -75
S— vt 1.50
* coMPUTE 2 A At e iAok i
“JOYSTIC “"'"cs 2 tor 38,
& Four 100K poty: I $4.50
rome handle and knob! c:. IND': Fs1ao,
SEENEER SEEBEER -—~u

110VAC Primaries Sale
Output V. Amps Each
300ma | Metal encased $1.98
1A Open frame $2.49
2 anama [ Open frame $1.95
P2V 1A Jpen frame $2.49
tiov 300ma ' Isolution $1.19
sssans [ L]

Take m

D

" h —_—

. CAPACITORSS aliialgellelobiiiguieltbioielolieigtole- ‘ Nl"s Order By Cat. Mo, |
Order by Cat. No. » 1Y * - 782320 & Type No.
ey St : Low Power ICs ;|17 raos

TTLL) smns Order By Cat. No. ype e &1 cpavoo s.29 | [1 cpao22

x Type Sale Typo Sale 4 | (1 CDan0: .29 | {) CD4023

B ey b & O 7ats02 32 | O 7413133 12e $17) 02002 331 ) Shaoss

. . €D4006 1.19 | ] C
FULL BRIDGE RECTIFIERS' % O 7acs04 35 | HJavsils 132 % EJ €pa0o7r .29 | L] Cp4027
0 AM % (] 7aLs08 32 | [ 7aLs1s1  1.25 » 1 goagos 79 | O} cp4o2e
PIV (x'lsl:us) (nszou) (nnzun (nszzn) b4 oI’ 32 7S a3y [ coaoos .23 o goaozs 118
ose $ s lls l‘zs * (] 74L513 .64 [] 74LS160 1.47 #* [] cp401L .29 ] €D4033 1.60
o 100 ~‘5 29 g % [] 74Ls20 32 7aLs161 1.47 % | ;| ¢cpaoiz .29 | [] CD403S .99
© 200 9 119 129 19 3 O zatsay 33| H7asies a7 % {] CP4013 .69 | [] CD4040 1.19
a 29 140 119 2.95 ] 74822 32 | O 785163 147 # | (] coaois 1.19 | {1 Cpaoay 125
o 9 169 195 3.95 * [] 741527 .39 | [] 74L5168 1.68 {1 cosole .49 | (] €D4a042 .B8
o 800 119 1.9% 225 4.95 * [ 74L530 232 745168  1.68 * | b} Cpan17 1.19 | cD40468 1.79
0 1000  1.2§ 228 250 5.50 ; L[i] 7at§g$ .2: H 74LS173 1.33 * |\ F1 cpaols 1.19 | [ cosod4s a9
74 : 74151738 1,05 03019 .49 | [] CD306E .79
Orer by Cat. No. Amperage and Voltage * ° 74L538 .45 [_] 74L5190 1.77 : |[ godozo .99 | 1 ]] CcD4071 .29
(30130000 00000 X 00UDEK R O000 X XUO000000R00000 : L. 74LS42 1.19 (] 74LS191 1.7 * [] €DA021 1.29
R R R RO R wrRr |
7 B .
SPECTRA-TWIST * Twisted pairs of brightly * b 7atseo ‘8o | M 7ateiss 128 * SILICON POWER '
colored cable! 24A * [, 74LS92 .89 L] 74L8197 1.25 * s'
RIBBON (). no. 753680 48 cond. 2 0. s1.98 | § C 741893 les | [1 7ausasy 133 ¥ STUD RECTIFIERS!
CABLE  [)Cat No. 784081 32cond. 21t S188 | 3 L[] 7815109 38 | [J 7415268 -84 5| Order by Cat. No. Amperage and voltage.
% U 745113 ss | (] 7dts368 68 F 12AMP S0 AMP 250 AMP
COONCAOCOOUE OO 0000 OO X Oy ¢ L 74LS114 .49 [ [ 7405390 2,08 | PIV (¢7l7§7) (“75;_3‘7) (ﬂ":;-’i)
ond. Sale hkdd ik ko k dk ke khk ko hk ok | 050 8 .2 $ . $4.
) 6 110 6.50
RIBBON CABLE 20 8- st i 138 730
a |
AT THIN PRICES | 3 snsise POLY PAKS “CHIPS"” AWAY 178 -t
o Ultra-flat! ® 28 AWG! o 13 " -
o Lors S R 8 1 3 IC AND CRYSTAL PRICES! o0 21 iiso
Order by Cat. No. 783939 and conductors rder by Cat No. and Type Not ‘M 1
seRRinssppiiignstiscsnvdisohapinannssss Trgl Description Sale D P S ITc"Es [
olCmM7205 Stopwatch $14.95 Cat. Switches Sale
- GAY3.8500-1 6 TV Ga 995 8 | 0 7% 3068 2 877 &
HANDY COMPUTER | goiaesso  Jonieh bum 230 nienn 1 s G
MULTITESTER CKR2376-139 BCD Encoder Rom 6958 | (I 733870 s 119 e
CKR2376-ST  ASCH Encoder Rom 1895 & | [1 733671 e 129
® 1000 ohms per volt 211C900C Prescaler 14.95 0] 752677 7 179
1% precision, movements 08SHIODC SOMHz P I .88 P ——y—
gk:de p.;lotemed n;xnu;;u' OMC 14410 ouch Tom "u‘g" 9.95 EECO 10- POSITION BCD l
urnout. Mensures DC volts OMK2002F  Char Gen. (sim 2513) 395
0-15-150-1000: AC valts r.7207A/7208 Counter pair 4.95 T!!UMB,‘"N:'EEL(ASWITCH
0:15:150-1000; DC current ' @ aICM7107 3", Digh DVM/OMM 1250 8| LS N led 001 L. 3 for
fmﬁ?ﬂ‘{“y"}‘&"oa"’.fﬁm./wn MMS3E9 60 Hz Timehase IC 1.95 (F coded for &, L coded Tor  $4.
S L U3579MHz  Timobase Xtal 195 8 | &) “Wilie e A
e |’;|rluld’:~3; 2:::"03:2 x ©1.00MHz Touchtone Xtal 5.95 hluck pac kunmml Eera X00 O
s W8 ozs 132768MHz  Stopwatch Xtal ass o Sl 49
Eat. No. 783921 St N 153345 -
$0006000000000000000
GIANT SALE! MICRO-MINI  Cat. No. Contacts Sale . IC SOCKETS : “MICRO-TONE" 88
GG U 753936 SPST 3119 .
TOOGLE SWITCHES: AR St "33l ¢ wwwwX7€o 3 AUTOPATCH )
con o T . L file, solder tail. & ’
o Complete withmounting o 754037 OPOT 143 3 “;;'z;"" :'“';I“T;h" a3 ENCOQER KIT
hardware! *Center off * ) 781308 n di > Oniy 2 1% x [ X x 1 2% small .c Lot
* 781309 16 pin di _22 : uulnu(‘h l(lv’nkm:;nl ”w\?”k.‘uy\\(y,‘::’ omplste
gactuattftaﬂtattttttﬁ';:‘i $ 2783378 18pin i s B i ol o ll" s o
*E;ECTROL «SKINNY-TRI unnnuoununo xial controlled dicitally mink-cabinet!
Irner man — synthesized tones on-chib o Famity!
B S e i 2 for s1i MOTHLERBOARD U N gt & Frends
B Grder DY Ln P '.mw“’ EDGE CONNECTOR tobuy! Wi 12
0 1ssss:zsmuw'i" “c ,
,N'- single tus at, type 106 pins (53 each side). Cat. No. 15‘086 kit  $26.88 Emcrnncv
0 0 n ali types O Use with IMSAT & ALTAIR] Cat. No. 784087 wired$32.95
a1 -...II-M: I Cat. Ro. 3863 onty “*“ 0.125” pin ctrs,
D Fi 1”';“**."":" AR RERARN %% wire wrap leads. Open assEEl essnes supem
e $2.50 ends, it wide PC boards.
” ots.Cat. No. 7$3987 s TRANSFORMER °
——~{imC "PEWEE e | & SALE E g
R FAN 10 AMP POWER TAB SCR’'S, PV SALE| m Ho7e e
BOXE , |TRIACS, QuaDRACS! .., v i 30 *55| E Sl ErT
allest Box Fan Made! RS 751730 200 88| % o1 78 a029
5 v 65Q, 1% Deep! | Order by Cat. No. TRIACS 781448 O 200 119 1 753875
y 3 % and Voitage  QUADRACS 781580 i 600 159 e
cn.uo.ﬂlup ! nmEn
Quiet! Dependﬂb' pyMact
Hivers 6 ctm Scarcely | g N4000 Epoxy Rectifiers WRITE POLY PAKS 1978
Audible Noise LeVP tn hfe! -
1) yeara hi * Miniature! « 1.5 Amp!

bearings rated for Hation,
oling, ventiliatio
""“‘“.‘“‘FJ.” computers. pawer

:‘::L'\;“m '&.‘“..\:‘"’"mh‘ni‘&: Cat
3"-:3&'&@“‘ polycarhonate I8
hou d ri

2

=

J

=]

© COPYRIGHT 1978 - POLY PAKS INC

Circie 303 on inquiry card.

Order by Cat. No. and Type No.

Type No. PIV Price

75 2371 1N4001L 50 10 for $.65
782378 1N4QO2 100 10 for .7

7% 2379 1N4003 200 10 for .85
782380 1N3004 400 10 for .99
7% 2381 1N300S 800 10 for 1.29
782382 1N40O6 800 10 for 1,39
75 2383 INADOT 1000 10 for 1.49

[FEATURING:
o Computer Components!
@ Over 400 Assortments!
sf|® Digital Clocks, DPM’s,

Solar Energy! Seml't!
Teast Equipment!
Fiber Optics! Plus Mare n’ More!

CATALOG

Terms: Add postage  Rated: net 30

Phone : Wakefield, Maxs. (617) 245-3829

Fetail: t6-18 I)e] Carmine St., Wakefield,
MINIMUM ORDER — $6.00

POLY PAKS

> C.O.D May, P 0. B0OX942.-8S7
| BE PioNpl,| LYNNFIELD, MA.
= 2P 01940
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SUPER SALE

These terminals are from a large airline reservation
system. They are heavy duty and were under continuous
maintenance. The units have been in storage. We make
every effort to ensure that all essential parts are included.
Most work when plugged in. No warranties are given or
implied.

Conversion Kits.

1. Conversion instructons, P C board for printer only using soft-
ware approach $59.95
2. 170 kit makes the unit into a conversational terminal. Instruc-
tions, P C board, components for a parallel or RS232 interface.
Wilt work with any IBM terminal $249.95
3. Completely converted unit and assembled interface for 1/0 us-

$249.95 ing kit $999.95

$199.95
AS 1S

WOCRLKEI ;l\\l SE% Card reader by HP with RS232 interface $299.95
Printec fine printers, parallel interface $1500.00
:/Bon!‘.;'sielec"ic'nased Honeywell 516 & 316 mini's, make offer. Cables, used 11
ters conductor, 100 ft with connectors $9.99
. Electronic parts and circuit boards 1/4 |b ba $4.99

Excellent Hobby Printers P g

Check, Money Order, Cash. Personal checks require 3
weeks to clear. No COD’s. Units shipped UPS or PP
collect. Prices Net FOB Tulsa

SUPER SURPLUS SALES
P.0. BOX 45944 TULSA, OK 74145 1-918-622-1058

Series 72/731 All Solenoids
Heavy Duty Original Documentation
8'," Platten ~ While Supply Lasts

4801 STATIC, TTL INOUT 4096x1 N-MOS RAM tRI-TEK, INC.

7808 Norih 27th Avenue

INTEGRATED TONE RECEIVER

GENERAL
DESCRIPTION
Part Number 4801
9 8 4K semicon-
duclor random
access memory
organized as 4098 it words 1t is fully static and
1 88da no clock of relresh pulses It requires a
ringle ¢ 5 volt power supply and (s tully TTL com-
patidle on input and output ines. The 4801 is

ina 18 pin dual-in-h
packsge.

FEATURES
® Single + 5V Power Supply

® 4Kx1 Organization

" Replaces 4 1024x1 Static RAMa

a Completely Siatic —No Clocks or Refresh
@ 18 Pin Package

® Access/Cycle Times 600 nsac max

= 250 mw Typical Operating Power

® Separate Data In and Data Out

® TTL Compatible i/0

Phoenix, Anizons 85021
6021 9959362

Signetics 2504TA 1024 bit S.R, memory (1404A),.. .50
MCM 657 1P Character Generator 9.9
MCMES571AP Character Generstor 9.
MC14400P Telephone Rotary Pulser 10.98
MC 144 19P Touch Pad Converter for 14400 4.25
MC14411P Baud Raw Generator 1198
MC14412VP CMOS Modem Chip 18.95
MM57109N Number Cruncher Micro 18.95
74C915 7 Segmant ta BCO Converter 299
74C922 16 Key Keyboard Encoder 6.35
74C923 20 key Keyboard Encoder 8.45
74C925 4 Decade Counter w/latches 12.00
74C926 4 Decade Counter w/carry 12.00
74C935-1 3% Digit DVM CMOS Chip 18.98

IN4OO3 200V 1 amp

IN4QO4 400 V 1 amp 10/81.
IN4148 Hi Speed Signal 15/$1.00 100/$5.00
D-800 115V, 100 mA Hi Speed Signa! 20/81.
02131 200 V, 25A Stud

$23338

MK5102(N)-5

O Detects all 18 standard DTMF digits

O Requires minimum external parts count for
minimum system cost

O Uses inexpensive 3.579545 MKz crystal for

reference

Digital counter detection with period averaging

insures minimum false response

16-pin package for high system density

Single supply 5 Voits + 10%

Output in either 4-bit binary code or dual 2-bit

row/column code

Latched outputs

o]

0 coo

DESCRIPTION

The MKS$53102 is s monolithic integrated circuit
fabricated using the complementary symmetry MOS
(CMOS) process. Using an inexpensive 3.579545 MHz

® Throe State Outputs D2135 400 V. 25A Stud 1.00 television colorburst crystal for reference, the
® Data Bus Compatible 1/ O Function D2138 600 V. 25A S|:d 156 MK$102 detects and decodes the 8 standard DTMF
. D3289R 200V, 180A Stud Anode 5.85 f ies used in tel dialing. The require
4804 S""C. M |'0|" mul‘ I-HOS RAM D3909-4 50 V, 45A Fast Recovery 2.00 ment of only a single supply and its construction in 8
INA732A4TA W 5% Zeners 4/$1.00 18-pin package make the MK5102 ideal for appli-
GENERAL 13 Assorted Brand New Zener Diodes 1.00 cations requiring minimum size and externsl parts
DESCRIPTION DSt S0V 3 amp Epoxy Bridge 79%¢ count
Part Number 4804 > 200V 30 amp Bridge 2.00 " DETECTION FREQUENCY
art Number 600V 4 E Bridy 4
is 8 4K semicon- ) 600V 3 :x 5&0‘;" riage 1'53 Low Group 1 High Group 1,
auetor random $123 200V, T-SA " Cold Leads 15/51.00
ACCOSS memory D1A-0030 30V DIAC 10/$1.00 Row 1 » 687 Hz Column 1= 1208 Hz
organized as 1024 4-bit words. Itis fully stahc and VOLTAGE REGULATORS Mow 2 = 770 Kz Column 2 = 1336 H2
needs no clock of retresh puises lirequires a Row 3 = 852 Mz Columa 3~ 1477 Hz
single * 5 volt power supply and 18 fully TTL com- . h
patible on input and output lines. The 4804 s ;?_%giﬂ%‘é‘f:ﬂm’ﬁ 10-92 Plastic 98¢ 5/“;3 [Row 4 = 841 Hz Column 4 = 1633 H2
kagedina 18 pie dual-in-t 78HOSKC 5V SA T0-3 9.15
package FEATURES 7:»4: g:((:: lgv g:’;g—g g.:g JULY SPECIAL 'TIL 31 JULY
. 78H 15V - . -
: ?.‘(";'B 5V Power Supply Lm317K 1.5A Adjustable TO-3 499 MKSIOZN-5. . ..ivvniniinnnnnnnnns $33.00
14 Organization Lm317T 1.5A Adjustable TQ-220 399 PO, i ieiieeiaratiieinatnraaanns .40
® Repiaces 4 1024x1 Siatic RAMs Lm317MP 5A Adjustable TO=202 13.96 600 :600 C.T, phone transformer...$1.50
AP e aoatieNa Clocks of Retresh TLA30C Adjustable Zenor-Think About It 1.50 P. C. BOARD TERMINAL STRIP
LA o Tmes s RIS R A g Molded body anclses psive srew activeed clomp
250 mw Typical Operating Power which will accomodate wire sizes [4-30 AWG. Contacts
= Common 1/0 Bus e and pins are solder plated copper. Pins are on .200
e TTLC tible 1/0 L Clre wheseetagdians 100 USS 4n00ing wMen SOMIBM. 4 )¢ we snould De temBararlly oul of slock on 40 Hem. it N -
= Thres State Ourpurs R oy o St T TS e R inch (5.08mM) for standard P, C. mounting. 10Amp
Tl T e S e TATE e e 0 Anerea T A bege suid g wiin wnlente rating. Compare our prices before you buy.
. ¢ Orsers iois (Ren 810 (813 forsien) Sless 8¢ 81 . we pay surface INIDDING Only In USA, Cansds end
4801 or 4804 4K RAM's e ::’-“:-m 18 Change wiheut noticn . :l:‘::m i shipping (firit cless, upecial handting, atc.) 4 POI. T5-2504 Bl
$8.95 8/$60.00 16/8100.00  «  any rotuncs wini 88 vy cnece. net cregit voucnars. [Pt et By "' Bpole  TS-2508  1.49
¢ Tmme Chec, moner argw. wasn care tom 30 sevete | SILILIRITRIUNEI T SO 12 pole  TS-2512 2,19
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EXPANDABLE EPROM BOARD
16K OR 32K EPROM 349 95 W OUT EPROM
Allows You to Use Eiper ?70& « Far 16K of Eprom or

2716’s For 32K ot Eprom

KIiT FEATURES:
All Address Lines & Data Butfered
Quality Fated throuwh P ¢ Board Including
Solder Masa and Stk Srreen
. Selectable Unit States
On Board Regulation Pravided
Al Sochots Provited W, Board

1
2

bW

5

WE CAN SUFPLY 450A. 2708's AT $1195
WHEN PURCHASED wWiTkt BOARD

S.D. COMPUTER PRODUCTS...........

DALLAS, TEXAS 75228

P.O. BOX 288108

BUY A

4K LOW POWER RAM KIT
The Whole Works - $79.95

Full Buftered - on hoard regulated - reduced
power consumplion uhlizing fow power 21L02-1
500ns RAMS - Sockets provided for all IC's
Quahty plated through PC board

“Aqdg $10 00 tor
250ns AAM operatan

THE 32K VERSION USES YHE MOQS
TEX MX4115 RAM AND HAS BK
BOUNDARIES AND PROTECTION L
UTILIZES DIP SWITCHES P OR
BOARD COMES WITH SOCKETS 60)( (Y PURC
32X OPERATION

B80ARD
MEMORY

16K AT YOUR QPTION BY MERE
FROM SO COMPUTER PRODUCTS

EXPANDORAM
THE ULTIMATE RAM BOARD
32K FOR $475 00

32K MODEL 64X MODEL
BK $151.00 16K $281 00
16K 253 00 32K 519 00
24K 367 00 48K 757 00
326 475 00 B4R 935 00

5100 COMPATIBLE RAM
BOARD AND UPGRADE THE SAME

At T, SAE TEn MKALlG RAM AND HAS
1N STEPS OF EITHER BK (TiLizes 1P SWITCHES

HASING MORE RAM CHIPS ¢y nnrpatioN

LOOK AT THE FEATURES
® MEMORY ACCESS TIME IS 375

8 VOC 400 MA DC
18 VvDC 400 MA DC
—18 VDC 30 MA DC

ADD $50.00 TO ABOVE PRICES

¢ MEMORY CYCLE TIME 1S 500 ns
® POWER REQUIREMENTS ARE:

® ON BOARD iNVISIBLE REFRESH

WE MHAYE OLHLT INTO THE EXPANDORAM!

ns ® NO WAIT STATES REQUIRED

NO CYCLE STEALING NEEDED

ON BOARD REGULATION

COMTROL, DATA & ADDRESS INPUTS
UTILIZE LOW POWER SCHOTTKY
DEVICES

DESIGNED TO WORK WITH 2-80,
8080. 8085, CPU's

FOR FULLY ASSEMBLED AND TESTED BOARDS

THE 64K VERSION USES THE MOS
BOUNDARIES AND PROTECTION &

3
BOARD COMLS WITH SOCKETS

Low Cost
Cassette
Intertace Kit

$19.95

Features Flay and record K C Standard 2400. 1200 H2
tapes 900 Baud, TTL 10 Lompatibte Phase Loch Loop
Both 27 Pin Connector and 8 Pin Moles (annector
Comes partratly assembled Oscitlator and phase fock
loop pre tuned to K ¢ Standard Selector switch sends
cassette data o1 suniliary nput dals o MiCIOProcessor.
LED indicates logic 1 level

16K

8K LOW POWER RAM
$159.95

FULLY ASSEMBLED AND TESTED NOT A KIT

Imsai  Adas S 100 Buss compatible, uses 0w powar
stanc 21162 500ns tully buttered on board regulaled
Buality plated raugh PC board nciuding solder mash 8
DeS D Swilches for address select

FOR

*Add $3000 for

J50ns RAM oparstion u vy
A wh
Lo P e

CPU BOARD: Expanded set of 158

— l'ﬁ!l

operation

board; parts plus sockets provided for

4MHZ operation.

Z-80 CPU BOARD KIT

Complete Kit $139.

CHECK THE ADVANCED FEATURES OF OUR Z-80
instructions,
BOBOA software capability,
from a
5VDC power supply; always
stops on an M1 state, true
sync generated on card (a
real plus feature!),
refresh and NMI available,
either 2MHZ or 4MHZ op-
eration, quality double sided plated through PC

*Add $10. extra for Z-80A chip which allows

single | FeaTuRrEs.

or double sided).

. PERSCI 70 and 27
MFE 700/750.

dynamic CDC 9404/9406.

EFNTISTS

34 Pin

CBasic Comptler

and
C Praduct

The
a4

NEW FROM S.D.

280 STARTER KIT

“VERSAFLOPPY'" KIT
THE VERSATILE FLOFFY DISK CONTROLLER
ONLY $149.00

IBM_ 3740 Soft Sectored Compatible
Compatibie for Z 8O o/ BOBO. Controls up to 4 Drives (single
Directly conltrois the lullowing drives
Shugart SA400/450 Mini Fl
Shugart 3AB00/850 Standard Floppy

Connector for Mim Flappy. 50 Pin Connector for Stand
ard Floppy. Operates with modiied CP/M operating system
new

S 100 BUS

loppy

“Versatioppy” from

ts g
all IC's.
FD 17718-1 CHIP

the avallab!e Floppy Disk Drives,
FD17716 1 Single Densily Contraller Chip, Listings for Con
trol Software are included in price.

control for many of
“Both Minl and Full Size

ALONE $39.95

LEARN COMPUTERS FROM THE START!
SIMPLE, STEP BY STEP LEARNING. CONSTRUCTION,
PROGRAMMING, OPERATION, MEMORIES, INTER-
FACING, COMPUTING, AND CONTROLLING WITH
AUDIO CASSETTE INTERFACE CAPABILITIES.

Complete Kt includes- Key board and Display;
Central Processing Unit; Instructions;
ual; Learrung Guides.
Features: Powerful 280 CPU with 158 instructions ® 1024
Bytes (Expandable to 2048 Bytes ON BOARD) of RAM ®
Bi-Directional Input;Qutput Ports with Handshaking
® Kansas City Standard Audio Cassette Interface for
Program Storage ® Hexadecimal Keyboard and Display
® Wirewrap area for custom circuitry ® S-100 Connector
on board lor Memory and 1/0 Expansion ® 2716/2758
PROM Programmer ® "Z BUG™ Monitor ROM (Including.
Memary, Port and Register Examine and Change Com.
mands; Breakpoints: Single Step Capabiiity; Audio Tape
Load and Dump; Execute user program Commands.)
Many mare unique features The best computer edu-
cational kit an the market . . . the complete computer
and educational package for only $199.00. (Availsble

280
Operation Man.

June 1878).

$349.00

FEATURES

No front Panel Needed

280 CPU (2 or 4 MHZ)

1% RAM

4 ROM/PROM Sockets tor 4K /8K ot Memory
SYNCHRONQUS /ASYNCHRONQUS Serial 1,0 with
RS 232 and Current Loop Intertace and Software

INTRODUCING THE SBC-100
(The Z-80 Based, S-100 Single Board Computer)

e Programmabie Baud Rate
s Parallel Input Port
Parallel Output Port

e 4 Channel Tuner/Counter
® 4 Vectared Interrupts

ASK ABOUT

ORDER ALL

This Powerful Thressome Operates Together

O.E.M.

SPECIAL O EM DISCOUNTS ON Tl SO OMPATIBUE SE !
SBC 100 SINGLE BOARD ( OMEUTER $ 344 Q0
VERSAFLOPPY ' . FLOPPY DISK CONTROLER $144 00
EXPANUORAM 32K RAM $475 00
EACH KIT IF PURCHASED SEPARATELY “OTAl $973 00

3 KIS TGUGETHER FOR

$899.00

SPECIAL

to Form A Comolete Computer for Your System

2.80 IN DEPTH DETAIL OF 5. D. SALES SPECIAL
Programming Manual  \cr0.COMPUTER $9.

9
RAMS S.D. NOW HAS SOFTWARE FOR IT’S CUSTOMERS M'CROESIOCPSESSOR
21002 500NS 8 1150
21102 2%0NS S e 8212 -1/0 port 3.50
Sora o 8 $4 00 8214 —P.I.C. ..12.95
O3 - 1K 3 CP/M: DISK OPERATING SYSTEM $99.95 gﬁf _g::;::k":;v::? Bus . :gg
;’;:;&;525: ': ;2 CP M 13 a powerful disk operating systen: which has became an industry standard 1t is compatible with several 8226 — Invert Bus . ... ... 3.95
” ) disk based FORTRAN ant BASK & Ttus package inciudes 4 CP/M diskette (mini or 1ull size) adapted tor S U s P10 for Z—80 F 14.95
SBC 100/VERSAFLOPPY [ XPANDCIRAM board set Complete documentation os ncuded + CP/M s a rey CTC for 7—80 . 14 .95
CPU’S istered trademark of Oigital Research Corp  Facitic Grove, CA 8228 Sys. Controller 8.20
gg.’;; Prog. comm, int;rh:( }ggg
. . prep. interface . 13.
2 B0 moudes manuai 2995 2.0 DISK BASED ASSEMBLER . . . . . . $69.95 SD MONITOR . $49.95 8820 g’::' L‘i'l'\opﬂc.:r 1,78
2 B0A includes manuat 3495 Runs on ANY CP/M based disk systern Assernbles Powertul monitor tor SBC 100 single Loard com 8830 Dual Line Dr. 1.75
8080A CPUB BIT 1195 the otficial Zilog Mostek Mnemonics (.ontains ex puters  ncludes aib VE RSAFLOPEY control tiem 2513 Char. Gen. .. 7.50
8008 CPUB BIT 695 tensive set of pseuda ops Avadable on mim ur ware omes in 2716 prom Avalable mn 4 6 weeks 8838 Quad Bus. Recvr. .. . 2.00
full size diskette 7418138N — 1/8 decoder .99
PROMS VERSAFLOPPY DIAGNOSTIC PROGRAM . . . $24.95 8T97-Hex Tri-State Buffer 1.25
VERSAFLOPPY'* CONTROL FIRMWARE . . . $24.95 Ireovides routines which are helptul in (hecking out };8%3;29[]:8‘232 ;gg
1702A - 1K - 1.5us 3. 95 or 10/35 Provides control tor VERSAFL GPRY andg hoots up A sk hased system Available n 2708 or 2758 TR 1863 Uart 8:50
2708 - 8K . aSOns ... ... .. CP/M Ths runs on Z 80 BOBO or BOBS based prom FD 1771B-1 3995
5204 . 7 95 computers Avadable wn 2708 or 2758 prom
825129 — 1K . 2.50 CMOS
27080 8K sngnltics 650ns’ ..9.95
4001 19 4029
4002 19 4042
COUNTER CHIPS SUPER FLOPPY SPECIAL of 8| g 8
MK50397 6 Digit elapsed ti 8.95 PHT £ oo 3
MKE0250 Alsn clock timer . 8. 08 S . SALES VERSAFLOPPY 5100 CONTROILER BOARD PLUS :8{? gg :g‘;? fg
MKS50380 Alarm chip . 2.95 SHUGART SA 400 FLOPPY DISK DRIVE INCLUDING CABLE FOR ONLY 4020 97 40 97
MKS50395 6 digit up/dn. count. 12 95 4022 97 14518 1.10
MK5002 4 digit counter . . $479.00 4024 75 14528 85
MK5021-Cal. chip sq. root ..... 2.50 4027 39 14529 85

CALL IN YOUR BANKAMERICARD
(VISA) OR MASTER CHARGE OR-
DER IN ON OUR CONTINENTAL
TOLL FREE WATTS LINE:

1—800-—-527—3460

Texas Residents Cail Collect:
214/271—0022

DEALER INQUIRIES INVITED!

o= x o

(All prices subject to change
without prior notice.}

NO COD's. TEXAS RESIDENTS ADD
5% SALES TAX. ADD 5% OF ORDER
FOR POSTAGE & HANDLING . OR-
DERS UNDER $10. ADD 75¢ HAND-
LING FOREIGN ORDERS U,

FUNDS ONLY!

Circle 315 on inquiry card.
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Unclassified Ads

TRADE: BYTE, volume 1, number 2, good condi-
tion, for Dr Dobb’s Journal of Computer Calisthen-
ics and Orthodontia, volume 1, number 1, | need
the article on NIBL BAS|C for the SC/MP chip.
Joe Price, POB 543, Oiton TX 79064.

FOR SALE: TRS-80 LEVEL-I BASIC tapes and
lists: Star Trek {needs 12 K memory}, list $7,
tape $9.95: Biorhythm (4 K}, list $4.50, tape $7:
Lunar Lander (4 K}, list $3, tape $5. R Menzies,
7106 Coigate Dr, Alexandria VA 22307.

FOR SALE: ASR 32 Teletype with stand, paper
tape punch and reader, documentation, excellent
condition, $325. David Shorthill, RFD #2, Wells
ME 04090, (207) 646-5465.

TERMINAL: Texas Instruments 725, 30 cps,
hard copy, built in modem and coupler, rugged
portable case. Very quiet, popular professional
terminal, $775 plus shipping. Alsoc memory:
Solid State Music, 8 K, static, 500 ns (no waits},
assembled, works, $150, Wright, POB 7576,
Menio Park CA 94025 (415) 854-5678.

FOR SALE: Heathkit computer system. System
includes: H8 computer, H9 video terminal, B8 K
memory, all standard Heathkit software plus
extended BASIC. Completely assembled and
tasted. Asking $1400. Cail or write Paul Randazzo,
37 Maxwell Dr, Wethersfield CT 06109 (203)
529-0530.

WANTED: Back issues of CACM, JACM, and
JCCs. W Hutchison, Princeton Arms N 191,
Cranbury NJ 08512,

FOR SALE: Shugart SA400 minifloppy disk drive
and ten minifloppy disks, $390, {no controller
or power supply}. Working video interface per
February 1976 BYTE, $100. DECwriter keyboard,
$50. Power supply, $35. Case, $42. Parts for
6800 processor board including 6800, 2x6810,
2x6820, 2708, wire wrap sockets and support
ICs $150. Everything except disk, $310. James
Thomas, POB 26, Sanw Spring MD 20860,
(301) 774-7686.

FOR SALE: DEC PDP8e modules and peripherals
DKB8EP, $375. AD8 16 channel A/D $875. DEC-
writer $1050. Omnibus expanders, power supplies,
KLBEs; lots more. Send for list and tell me if you
have anything for trade or sale. | will repair any
DEC part or build custom interfaces or modules.
J Simpson, POB 632, W Caldwell NJ 07006,

FOR SALE: Thinker Toys ''Speakeasy’’ board
assembled, RS-232 serial port used, $100. Paul
Lamb, 13101 Parson Ln, Fairfax VA 22030.

FOR SALE- The Northstar Users group has over
230 outstanding programs including real estate,
investment, business, debugging aids and games.
| will copy these public domain disks for $5 per
disk plus the cost of a disk (or send a disk). About
15 programs on each disk. For a list of programs
and details send SASE to J Dvorak, 704 Solano
Av, Albany CA 94706, (415) 627-7730.
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FOR SALE: Filoppy Tape Peripheral- complete
with 10 board, 8 tapes, new and used. Uses stereo
8 track cartridge. Each cartridge can hold one
program per track or 8 per cartridge. Program
length limited only by tape length. The used tapes
have 5 or 6 programs on each and are included
free. They are ready to run and cover Star Trek,
Othello, other games and technical programs. Wil
interface 1o most microcomputers, schematic
included. Will ship UPS $100, R Mendelson, 27
Somerset Pt, Murray Hill NJ 07974, (201} 464-
5244

FOR SALE: Teletype model 33ASR, Excellent
condition, $600. ALTAIR 8080a, with 8 K mem-
ory, TTY and cassette 10 boards. Factory perfect
condition, all MITS, $580. Selectric based type-
writer with paper tape RDR/PCH. Nice TTY
alternative, $480. All for $1500 Andrew Frankford,
2014 Maretta Av, Lancaster PA 17603, (717}
299-2456.

TELETYPE FOR SALE: (Ali 8 level ASCIl) Model
33ASR (new), $1000. Model 35KSR (new}, $1500.
Model 35ASR (used, very good), $1500. Model 35
reperf and reader set, $425. Parts for Mode! 33 and
35 machines, gears, modems. Model 28 Baudot
machines., Send SASE for complete list and prices.
Lawrence R Pfleger, 2141 N 52nd St. Milwaukee
W1 53208.

PROGRAM EXCHANGE: Programs are now avail-
able, in source form, toe run on most any home
microcomputer. These programs come from various
sources and are written in BASIC and other
languages. In addition, our club needs other pro-
grams that you may have developed, making them
available to other hobbyists for fun, enjoyment,
and practical use. If you can make available such
programs we want to hear from you. Please write
to us soon. For complete descriptive literature and
3 list of currently available programs, send $1 to
cover copy and mailing costs to: Mikel Home
Computing, POB 17105, Irvine CA 92713.

FOR SALE: "EIf'" microcomputer trainer, $60
compiete. Built from Popular Electronics articles.
Carefully wire-wrapped on Vector board; ali 1Cs
socketed. Full hexadecimal keyboard in out-
board module. Hexadecimal display shows 10
byte and memory address. All modifications fully
documented. RCA User's Manual, article reprints,
much extra data included. Bob Levine, 32 King
St, New York NY 10014.

FOR SALE: MMD-1 by E&L Instruments, $250,
Bug Book V included (6 units). Contact (805}
522-5276, after 6 PM.

FOR SALE: BYTE September 75 through
December 76 exciuding January 76. All in per-
fect condition. Make an offer. Fred Henry, 104
Heathercreek Dr, Plainfield 1L 60544, (815)
4366111,

FOR SALE: North Star BASIC programs: Corres-
pondence Editor: $5, Stock Market Analysis
package: $5, Mailing list and random access pack-
age: $3, Spacewar game package: $3, plus: Stock
Market data on 30 heavily traded companies on
North Star disk. Includes: P/E, price, volume, and
percent yield, weekly averages for 1977: only
$25 for all 30. Send biank disk, or include $5.25
for disk. Write for complete list. Herbert Schildt,
1007 N Division, Urbana IL 61801,

TRADE: 12 slot ALTAIR 8800A with HD power
supply plus 10 slot IMSA! for factory essembled
Altair 88008. Both units fully socketed and fac-
tory checkout. Ken Roberts, 10560 Main, #515,
Fairfax VA 22030. (703} 5916008 or (703)
378-7266.

FOR SALE: PORTACOM briefcase ASCII printing
terminal w/modem, keyboard, instructions, $595.
DEC PDP8es, modules, ASR33s, ham gear, free
lists, buy, trade, repair, design also. K2DCY,
11 Squire Hill, N Caldwell NJ 07006.

FOR SALE: Digital Group Z-80 four board system
including CPU, 10, TV cassette and mother board
assembled. Two 8 K memory boards, one with ICs,
both with sockets, unassembled. Complete
assembly plans and documentation. Going to
college, must sell. $750. Richard Yero, 12323
Algonquin Rd, Palo Park IL 60464 or call {312)
448-2609 after 4:00 PM or weekends.

FOR SALE. Altair 88002 with IMSAI 20A power
supply instailed in original cabinet. With serial 10
board, Tarbell 1702A prom board, and 4 to 32 K
programmable memory. Everything works 100%
and software is included. Tell me what you want
and | will quote a price, or make me an offer. For
mare information call (518) 4568717 or send
SASE to Michaei Favitta, 4 Sherwood Forest Rd,
Atbany NY 12203,

FOR SALE. NCR high speed paper tape punchaes,
110 V, 60 Hz, used but overhauled sbout 100 cps
{according to technical manual), self-contained
cabinet, tape spooling mechanism built-in, eight
tracks, weight 40 Ibs. Delivery within 5 weeks after
your order comes in {ie: 5 weeks till you have it).
Price $200 including freight, collective orders from
clubs {minimum 5 punches) $150 per punch plus
$100 for freight. Order accompanied by crossed
checks should be sent to TIME OUT, Siegfried
Manfred Rambaum, Rossdoerfer 44, 6100
Darmstadt, GERMANY.

FOR SALE: Control Data 200 UT remote batch/
interactive terminal, equipped with a 14 inch CRT,
63 character keyboard, 300 CPM card reader,
300 LPM-136 column line printer and 4800 baud
communications capabitity. Complete original
service and operation documentation included.
Excellent condition, currentiy under CDC main-
tenance contract. Contact: Bob Levy or Bob Minor
{301) 565-9544 8750 Georgia Av, Silver Spring
MD 20910.

FOR SALE: Motorola MEKEB800D2 evaluation
kit, 8 K Solid State Music Memory board. Includes
4 slot Altair (S-100) extender board, cabinet,
5V 6 A power supply, Mik-Bug firmware, 8 K
(SWTPC) BASIC, 8 K (SWTPC) Text Editor and
Assembler, 4 K Tiny Assembler, PCC's BASIC
games, (the evaluation module has an integral
Keyboard/Cassette interface) and COMPLETE
SYSTEMS/Family Documentation. Must selil
Asking $350 — will take best offer. Amn Trotz,
Psc Box 1116, Wurtsmith AFB M| 48753.

FOR SALE: Lunar Landing simulation program
for any Radio Shack TRS-80 computer. On cas-
sette, ready to load. Send check or money order
for $7.50 to J Quistgaard, 715 S Alder St, Port
Angeles WA 98362.

FOR SALE: Heathkit H-9 video terminal, expertly
assembled, $600. Also, box of ten B inch Data
Packaging {DPI} fioppy disks, never used, $50. |
pay shipping. Andy Thornburg, 400 E Jackson St,
De Soto 1L 62924.

WANTED: Card extender or connector {male and
female ELCO PN00-7015-059-000-002) for DATA
POINT 3300-101 59 pin. Cecil T Rutledge, 2726
Sandy Ln, Fort Worth TX 76112,

FOR SALE: Altair 88008 computer with 32 K
200 ns static programmable memory, two serial
ports, one parallel port, PROM board., ACR
cassette interface, floppy disk drive and con-
troller, panel mounted baud rate switches for
fast device change, extended BASIC on cassette,
disk extended BASIC, and DOS, along with 30
floppy disks, $5000, Steve Mastrianni, 2952 Main
St, Coventry CT 06238. {203) 742-6727 or (203}
664-2401.

Apple |l Software cassette: 16 K Blackjack muth-
color card display, 2 player paddle input, full
Las Vegas rules, optional autoplay by computer,
sound effects, documentation included, $10.
George W Lee, 18803 S Christina Av, Cerritos
CA 90701.

FOR SALE: All issues of BYTE from September
1975 to August 1977. Al issues completely
intact and in mint condition. Best offer over $60
within one month after ad’s appearance. Richard
Fermoyle, 7597 NW 73rd Ter, Tamarac FL
33319.

FOR SALE: One Compucolor 8001 color terminal
with BASIC 8001, background color option 32 K
programmable memory (8 K for CRT), floppy
tape bulk storage. CPU operating system includes
memory manipulation and paper tape |0 sub-
routines. One free serial 10 port. In perfect
operating condition, $2995. Contact D Brown,
(803) 7716087, 1308 Shirley St, Columbia SC
29202.
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Readers Tune In to Ciarcia

Article No. ARTICLE PAGE
1 Baker: KIMER: A KIM-1 Timer 12
2 Bosen: The Axiom EX800 Printer: A User’s Raeport 28
3 Hearn: Top-Down Modular Programming 32
4 Hauck: Who's Afraid of Dynamic Memories? 42
5 Williams: Antique Mechanical Computers: Early Automata 48
6 Loewer: The Z-80 in Parallel 60
7 Libes: The First Ten Years of Amateur Computing 64
8 Walton: Controlling DC Motors 72
9 Reid-Green: A Short History of Computing 84

10 Ciarcia: Build a Keyboard Function Decoder 98

" Frenzel: How to Choose a Microprocessor 124

12 Williams-Conley: A High Level Language for 8 Bit Machines 152

13 Weinstein: How to Get Your Tarbell Going 162
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The winner of the April BOMB is Steve
Ciarcia’s “Tune In and Turn On: A Com-
puterized Wireless AC Control System, Part
1,” page 114. Second prize goes to Ernest
W Kent’s “The Brains of Men and Machines,
Part 4: The Machinery of Emotion and
Choice,” page 66. The authors will receive
prizes of $100 and $50, respectively.

The BOMB (BYTE’s Ongoing Monitor
Box) is your way of telling us what you
think about the articles in BYTE each
month. To cast your votes, see the card on
the opposite page.®
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